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202. The Constitution of Complex Metallic Salis. Part IV. The 
Constitution of Certain Bridged Dipalladium Derivatives. A Novel 
Type of Tautomerism. 

By FREDERICK G. MANN and DONALD PURDIE. 


In Part III (J., 1935, 1549) we described the preparation and properties of a number of 
homologous non-ionic four-covalent derivatives of palladium. These compounds were 
formed by the union of two molecules of aliphatic sulphides, phosphines, and arsines with 
palladous chloride, and the three series had the general formule [(R,S),PdCl,],[(RgP),PdCl,], 
and [(R,As),PdCl,] respectively : all members showed a marked negative parachor anomaly. 
It has now been found that these phosphine and arsine compounds, when boiled in alcoholic 
solution with ammonium palladochloride, give rise to a new series of complex non-ionic 
palladium derivatives, whose empirical formula corresponds to one molecule of the phos- 
phine or arsine and one of palladium dichloride : 


[(RgP),PdCl,] + (NH,){PdCl,] = [RP,PdCl,], + 2NH,Cl 


The same arsine compounds can also be obtained by heating the original dichlorobisarsine- 
palladium * compounds in a high vacuum, whereupon i equiv. of the free arsine distils, 
leaving a residue of the new compound : 


2[(RgAs)gPdCl,] = [RgAs,PdCl,], + 2R,As 
eo 


The dichlorobisphosphinepalladium compounds, similarly treated, distil almost unchanged, 
and only a small residue is left. 

A preliminary investigation revealed the following fundamental properties of the new 
compounds : 

(1) They are markedly darker in colour, and have in general higher m. p.’s than the 
parent compounds; e¢.g., the original dichloro-bisphosphine- and -bisarsine-palladium 
compounds are yellow and orange, while the new phosphine and arsine compounds are 
orange-red and deep red respectively. The m. p.’s of the new phosphine and arsine com- 
pounds fall steadily as the homologous series is ascended, in which respect they resemble the 
parent compounds. 

(2) Their molecular weight in all solvents is twice that required for the simplest empirical 
formula, and therefore the complete molecule is as shown above. This was expected, since 
clearly a compound of formula [R,P,PdCl,] would contain a 3-covalent palladium atom and 
presumably be very unsaturated. 

(3) All the new compounds (except the very high-melting trimethylarsine compound) 
have sharp m. p.’s and are crystallographically homogeneous, and a mixture of isomeric 
forms is thus never obtained in the solid state. Moreover, corresponding members of the 
phosphine and arsine series are strictly isomorphous; certain chemical differences which 
the phosphine and arsine series show must therefore be due to a difference in stability 
and not to one in structure. All but the lowest members possess considerable thermal 
stability, and can be kept in the molten condition for long periods without decomposition. 

(4) The formation of these compounds is not dependent upon the chlorine atoms, 
since similar compounds having iodide, nitrite, and thiocyanate radicals, of type 
[R,P,PdX,]_, have been obtained. 

Although these phosphine and arsine compounds are new, similar compounds of platinum 
and palladium dichloride with carbon monoxide, phosphorus trichloride, and the alkyl 
phosphites have been known for many years. Schiitzenberger and his collaborators (Bull. 
Soc. chim., 1870, 14, 483; 1872, 17, 482, 18, 101, 148) showed that platinum dichloride 
combined with carbon monoxide to give compounds of empirical formule CO,PtCl, and 
2CO,PtCl,, and with phosphorus trichloride to give similar compounds PCl;,PtCl, and 
2PCl,,PtCl,. The latter compounds reacted with aliphatic alcohols to give phosphite ester 

* In order to systematise the nomenclature,-non-ionic compounds of this type are now termed 
‘* dichlorobisphosphine(or arsine)palladium ”’ instead of ‘‘ bisphosphine(or arsine)palladium dichloride ”’ 
as in 7 III. 

K 
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derivatives, (RO),P,PtCl, and 2(RO),P,PtCl,. Later, Fink (Compé. rend., 1892, 115, 176; 
1898, 126, 646) prepared precisely similar derivatives of carbon monoxide, phosphorus 
trichloride, and the alkyl phosphites with palladium dichloride. 

The phosphite ester derivatives (RO),P,PdCl, and (RO)3P,PtCl, are clearly of the same 
general type as the present phosphine and arsine compounds, and must also have the 
double formula, e.g., [(RO),P,PdCl,},. Fink showed that these palladium compounds 
reacted with ammonia to give ionic compounds of formula [(RO)3P,(NH;),PdCI]Cl, and this 
reaction would therefore indicate that the two ester molecules are joined to different 
palladium atoms in the original compound. Rosenheim and his co-workers (Z. anorg. 
Chem., 1903, 37, 394; 1905, 43, 35) reinvestigated the corresponding platinum compounds 
in detail, and showed by molecular-weight determinations that the two series of alkyl 
phosphite compounds had the molecular formule [(RO),P,PtCl,], and [2(RO),P,PtCl,]. 
The former, when treated with aniline, p-toluidine, or pyridine, gave cis- and trans-forms of, 
e.g., [(RO),P,PhNH,,PtCl,], thus again indicating that in the original compound the ester 
molecules are joined to different platinum atoms. It was further shown that the compound 
[(RO),P,PtCl,], added on ammonia to give a product which was expected to have the 
constitution [(RO),P,(NH,),PtClIJCl: since, however, both chlorine atoms appeared to be 
ionic, Rosenheim claimed that this compound must have the constitution 

Cl,[(RO)3P,(NH,;),Pt—Pt(NH3)2,(RO)3P)Cl,, 
and that therefore the original compound must also have possessed a Pt-Pt link. Later, 
Herty and Davies (J. Amer. Chem. Soc., 1908, 30, 1084) showed that the ammonia addition 
compound had only one ionised chlorine atom, and it follows that there is no evidence for 
the unlikely Pt—Pt linkage. Werner and Pfeiffer (‘‘ Anorganische Chemie,” 5th Ed., pp. 56, 
170) suggested that the chlorine atoms bridged the metallic atoms in these compounds, and 
that the ester derivatives theoretically could have the isomeric formule (I) and (II). 


(RO);P. Ch Cl (RO),P. Ch. 1 
(L.) y PKC Bae is 74 V5 (i) 
(RO),P” Cl CY “Cl ™P(OR), 


Similar formule in modern notation for monoethyldibromogold were put forward by 
Burawoy and Gibson (J., 1934, 860; 1935, 219), who pointed out that compounds of type 
(II) could also exist as cis—trans-isomerides. 

It is clear that, in the tertiary phosphine and arsine compounds now studied, the metallic 
atoms must also be linked through bridged chlorine atoms, and, if the two uniplanar pallad- 
ium complexes thus formed are themselves in the same plane, the compounds can theoretic- 
ally exist in either the unsymmetrical (III) or the symmetrical form (IV), the latter having 
cis- and trans-forms, (a) and (5), respectively. 





R,P Cl Cl R,P Cl PR, R,P Cl cl 
SPA PAC \pdé ‘Pd’ \Pdé ‘PdZ 
oe ae ae ae ae ipa Ailey * 
(III.) (IVa.) (IVb.) 


Upon Werner’s system of nomenclature for bridged metallic derivatives, these com- 
cl PR pounds are therefore termed dichlorobis(trialkyl- 
3 phosphine or arsine)-y-dichlorodipalladium. [The 

possibility that the two. palladium complexes are 
parallel, giving cis- and trans-forms V(a) and V(b) 
can be dismissed, because (1) it is extremely un- 
likely, for dimensional reasons, that the complexes 
could be bridged in this way; (2) only the form 


Q 
e\ 2 \ 
a oe 
2} 
NAS 2 




















RyP Rel he described below, and the contiguity of the 
(a) +4 voluminous phosphine molecules probably makes 

(V.) this form impossible ; (3) X-ray evidence indicates 

that the trimethylarsine member has a long, wide, flat molecule, which prohibits formulz 
of type (V) and strongly supports those of type (III) and (IV).] 





(a) could give the dichloromono-oxalate (VIII) | 
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The constitution of the only form of these compounds which exists in the crystalline 
state is still undecided : a complete X-ray analysis (the only method available) is extremely 
difficult owing to the complexity of the crystals. The remarkable fact is now established, 





o however, that in organic solvents an equilibrium mixture of the isomerides (III) and (IV) 
‘ exists, since decisive reactions for each form can be obtained: a novel and unexpected 
" type of tautomerism is thus revealed. In view of the rapid interconversion of the com- 
. pounds (III) and (IV), it is probable that the latter form exists in solution as both the cis- 
t and the érans-forms, (a) and (b), although in the equilibrium mixture, on grounds of 
5 comparative stability, (b) probably preponderates considerably over (a). This tautomerism 
s explains why, in the case of the arsine compounds, the same substance can be obtained 
‘ by two such different methods, for it would otherwise have been expected that the inter- 
. action of the dichlorobisarsinepalladium [(R,As),PdCl,], and ammonium palladochloride 
, would by simple addition give a compound of type (III), whilst the thermal dissociation of 
. the bisarsine compound would give rise momentarily to the radical [(R,As)PdCl,], which 
d would at once unite in pairs to give a compound of type (IV). Moreover, although the 
° parent dichlorobisphosphine(or arsine)palladium compounds have undoubtedly the ¢rans- 
“1 configuration, it has been shown by Mann, Crowfoot, Gattiker, and Wooster (J., 1935, 
1642) that the interconversion cis <= trans occurs readily in the 4-covalent palladium 
series, and hence the action of ammonium palladochloride on the parent compounds in 
r, solution might give rise either to the bridged compound (III) or to (IV), although the 
n phosphine (and arsine) groups have the cis-positions in (III) and the ¢vans-positions (relative 
vr to the chlorine) in (IV). 
3, The n-butyl phosphine and arsine members (in particular) have been used for a detailed 
d investigation of the reactions of these compounds, and the evidence for the unsymmetrical 
). form (III) can first be summarised : 


(1) The phosphine compound (III) (Table I) on treatment with one equivalent of 
ae’-dipyridyl in cold alcoholic solution gives rise to the original dichlorobisphosphine- 
palladium (VI) and also dichlorodipyridylpalladium (VII): the dipyridyl clearly splits 
the compound (IIT) across the dotted line as shown, thus providing strong evidence for the 

y unsymmetrical formula. The arsine compound corresponding to (III) gives precisely the 





same reaction. 
" TABLE I. 
i- [(BugP),PdCl, ‘PdClq] —> [(BugP) yer + [dpy PdCli,] 
2. (IIL. (Vi (VIL.) 
. K,C,0, 
\ oe ae 5 Po 
sli (BugP),PACh PAC | —> [(BusP),PdCl,] + | apy Pag ! 
(VIIL.) beste O—CO 
HCO. a | (IX.) 
[(BugP),Pd(NO,),Pd(NO,),] , Bugh),Pal moun, | 
. (X.) dpy a 
e (XII.) [(BugP),Pd(NO,).] + [dpy Pd(NO,)g] (XIII.) 
) (2) The phosphine compound (III), when warmed in aqueous alcoholic suspension with 
) potassium oxalate, gives a dichloromono-oxalato-derivative (VIII). This reaction would 
ar appear to necessitate the presence of two unbridged chlorine atoms attached in the cis- 
* position to one palladium atom in the tetrachloro-molecule (III), and strong evidence that 
“3 the dichloro-oxalaté has the constitution (VIII) is given by the action of aa’-dipyridyl, 
I) which splits the molecule into the dichlorobisphosphinepalladium (VI) and oxalato- 
” dipyridylpalladium (IX). It should, however, be noted that the dipole moment of the 
" dichloro-oxalate (see p. 879) can be satisfactorily explained only on the assumption that the 
cat oxalate radical replaces the two bridged chlorine atoms. 
» It is noteworthy that the arsine compound corresponding to (III) gave no reaction with 
potassium oxalate under similar cenditions. 
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(3) The phosphine compound (III) reacts with sodium nitrite to give the corresponding 
bridged tetranitrito-compound (X). The latter in turn reacts readily with oxalic acid in cold 
alcoholic solution to give the dinitritomono-oxalato-compound (XI), and also with aa’- 
dipyridyl to give the dinitrito-compound (XII) and dintiritodipyridylpalladium (XIII). 
These reactions show clearly that the tetranitrite (X) must also have the unsymmetrical 
formula. 

When the arsine compound corresponding to (III) is treated with potassium nitrite, the 
bridged tetranitrite is not obtained, the compound splitting at once into the dinitrobis- 
butylarsinepalladium and potassium palladonitrite, again indicating the unsymmetrical 
form (III): 


[(BugAs),PdCl,PdCl,] + 6KNO, = [(BugP),Pd(NO,).] + K,[Pd(NO,),] + 4KCl 
(4) The arsine compound (XIV) (Table II), corresponding to the phosphine compound 
(III), reacts with 2 equivs. of ammonium thiocyanate to give the bridged dithiocyanato- 
TABLE II. 


[(BugAs)PdCl,PdCl,] > [Cogs PaESCH) ,PdCl,] —> ((BugAs),Pa(SCN),Pa(SCN)] 
(XIV.) 


(NH,),PdCl, | 1 eo 


[(BugAs),PdCl,] ———> [(BugAs),Pd(SCN), 
(XVL) (XVIL.) 


dichloro-compound (XV). The fact that the thiocyanate and not the chlorine radicals 
bridge the metallic atoms in (XV) is shown by the conversion of the dichlorobisarsine- 
palladium (XVI) into the dithiocyanato-compound (XVII), which readily condenses with 
1 equiv. of ammonium palladochloride to give (XV). When now the compound (XV) is 
treated with an excess of potassium thiocyanate, part is converted into the bridged ¢etra- 
thiocyanato-compound (XVIII) and part appears to undergo direct fission to the unbridged 
dithiocyanate (XVII). It is probable that the compound (XVIII) is a definite intermediate 
in this reaction, and alone by fission gives (XVII), but the production of the latter in either 
case is a strong argument for the unsymmetrical formula (XIV). 

A precisely similar series of reactions is obtained with the phosphine derivatives, with 
the exception that the tetrathiocyanate corresponding to (XVIII) is so stable that no 
fission to the phosphine dithiocyanate corresponding to (XVII) occurs. 

The evidence for the symmetrical formula (IV) for these phosphine and arsine compounds 
can be summarised : 

(1) The phosphine compounds in cold alcoholic solution react immediately with 2 
equivs. of aniline, p-toluidine, or pyridine, the deep colour fading to the characteristic 
colour of the unbridged dichloro-compounds : evaporation at room temperature then gives 
the pure Rear ak compound (XIX) in theoretical yield. 


BugP e Cl 2PhNH, BugP Cl 
(IV.) 5 spay oP Pag —>a ° SPag (XIX.) 
Cl “c= “PBus Cl NH,Ph 


The constitution of these unbridged compounds (XIX), which show normal molecular 
weights in solution, is beyond doubt, and the reaction therefore consists of a simple 
splitting of (IV) by the two molecules of the amine along the dotted line as shown: it is 
therefore conclusive evidence for this symmetrical formula (IV). 

Precisely similar reactions are given by the corresponding arsine compounds. 

(2) The bridged tetranitrito-derivative (XX) in cold alcoholic solution reacts with 
p-toluidine to give solely the dinsirito-compound (XXI), the molecule being thus split 
across the dotted line as before. Since the tetranitrite (XX) is identical with (X) (Table I), 
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it thus shows decisive reactions in alcoholic solution for both the unsymmetrical and the 
symmetrical form. 


[ Pan pan sp vale CoH MeNHy 


Bur, N02) 
(NO,)” “Noy “* pBus 


(NO,)” “NH,C,H,Me 
(XXI.) 





(3) Ammonia gives similar but rather more complicated results. When the phosphine 
compound (IV) (Table III) in cold benzene solution is treated with an excess of ammonia, 
the molecule is split as before, but now the co-ordinated chlorine atoms are also replaced by 
ammonia, giving the ionic triammino-n-butylphosphinepalladium dichloride (XXII): this 


TABLE III. 


Cl NH, 
sag Spay <— [(BugP)Pa(NH,),JC, (xx) 
Cl S, xe (4 HCl 6, ( 3)3] 2 ( 

sy 


Va 
Py Se 
4 


[BugPPd(NH,)Cl,] 
(X XIII.) 


reaction is readily reversed by acids. The compound (XXII) is unstable, and on exposure 
to air, or on warming with acetone, rapidly loses ammonia to give the more stable non- 
ionic dichloromonoammino-n-butylphosphinepalladium * (XXIII), a change which is also 
easily reversible. The compound (XXIII) is also, however, unstable, and loses its 
remaining ammonia when placed in a vacuum, or on standing in cold benzene solution, or 
immediately on treatment with acids, regenerating the original bridged derivative (IV). 
These reactions are thus very strong evidence for the symmetrical formula (IV). 

The action of ammonia on the arsine compound isomorphous with (IV) gives evidence, 
on the contrary, for the unsymmetrical formula corresponding to (III), for this compound 
in cold benzene solution reacts with ammonia to give a white, amorphous, water-soluble, 
ionised product, which is apparently a mixture of the unstable diamminobisarsinepalladium 
dichloride (XXIV) (Table IV) and tetramminopalladium dichloride (X XV). When this 


TABLE IV. 
[(BugAs),PdCI,PdCl,] ——> [(BugAs),Pd(NH,),]Cly + [(NH,),Pd]Cl, 
(X XIV.) (XXV.) 


\ NA, {fxn 


[(BugAs),PdCl,] [(NH,),PdCl,] 
(XXVI.) (X XVII.) 


mixed product is warmed with acetone, the compound (XXIV) loses ammonia and passes 
into solution as the yellow non-ionic dichlorobisarsinepalladium (XX VI), which crystallises 
out in the pure condition: this reaction is reversible. The insoluble residue from the 
acetone extraction is the compound (XXV), which can also be readily converted (by a 
reversible reaction) into the yellow non-ionic dichlorodiamminopalladium (X XVII). 


* In a preliminary note on these compounds (Chem. and Ind., 1935, 54, 814) this derivative (X XIII) 
was erroneously stated to be isomeric with (IV). The error arose partly because the compound lost 
ammonia so readily on heating that the usual tests for nitrogen and for ammonia gave negative results, 
and partly because the analytical values obtained for C, H, Cl, and Pd agreed closely with those required 
by (IV): the molecular weight obtained for (XXIII) could not, however, be explained by isomerism 
with (IV). 
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(4) Ethylenediamine reacts with the butylphosphine tetrachloro-compound in cold 
alcoholic solution, giving a pale yellow derivative having ionised chlorine. This compound 
may have the constitution (XXVIII), the unbridged chlorine atoms of the symmetrical 
tetrachloro-compound having apparently been replaced by ethylenediamine molecules, 
each co-ordinating by one amino-group alone.* This compound is unstable, and when 


- BugP Cl, Cl cen | BugP en BusP Cl 

| SPaC SPA 3 . ag SPA Manus * aPaK i 

A ae. : ae La eel PBus J NH,-C,H,-NH, 
(XXVIII) (XX1X.) 


BuP_ CI vo oon | BugP Ch [(BusP),PdCl,] 





en 
Pde PAC | —>| “pat SPd¥ (Cl, —> 4 
BusP oe” a cl en | fen, PdjCl, 


heated with cyclohexane, acetone, etc., appears to split as shown across the dotted line, the 
ethylenediamine molecules becoming chelated, with the formation of two molecules of the 
water-soluble ionic monochloro-n-butylphosphine-ethylenediaminopalladium chloride (X XIX). 
The latter, when treated with hydrochloric acid, readily loses its ethylenediamine and 
re-forms the original tetrachloro-compound, thus again prong strong evidence for the 
symmetrical formula. 

When, however, the initial reaction is carried out in benzene solution, the isomeric 
intermediate compound (XXX) is apparently formed, either from the unsymmetrical form 
of the tetrachloride as shown, or (less probably) by interconversion from (XXVIII). The 
compound (XXX) is very unstable (as would be expected from the neighbouring positions 
of the ethylenediamine molecules) and breaks down spontaneously along the vertical line 
as shown, giving the dichlorobisbutylphosphinepalladium and mee is peer. curso 
dichloride. 

When similar experiments are performed with the butylarsine tetrachloro-compound, 
an intermediate compound similar to (XXX) is apparently formed both in alcoholic and in 
benzene solution, and in both cases rapidly decomposes, giving the dichlorobisarsine- 
palladium and bisethylenediaminopalladium dichloride. 

Further evidence for the tautomerism of these compounds is furnished by their dipole 
moments, which have been determined by Mr. A. E. Finn, working under Prof. Sidgwick’s 
direction. Mr. Finn reports: “‘ The dipole moments of the »-butylphosphine tetrachloro- 
compound and of its arsenic analogue were found to be 2-34 and 2-52 Debye units respec- 
tively in benzene solution at 25°. For the interpretation of these results, it must be borne 
in mind that the dichlorobisethylphosphinepalladium [(Et,P),PdCl,], and its arsine 
analogue (Mann and Purdie, Joc. cit.) have moments of 1-05 and 1-04D respectively, both 
compounds having undoubtedly the ¢vans-configuration. Jensen (Z. anorg. Chem., 1935, 
225, 97) has measured the moments of many alkylsulphideplatinous compounds, and finds 
that the ¢vans(«)- and the cis(8)-forms of dichlorobisdiethylsulphideplatinum have moments 


* It is possible that the ethylenediamine replaces the two bridged chlorine atoms, and that the 
compounds (XXVIII) and (XXX) have the constitution (XX VIIIa) and (XX Xa) respectively. Fission 
of the molecule across the dotted lines under the influence of solvents would then ye the same products 


BugP. ye ny PBug | bye. P vem J 
yPday 7 PaL |e Pd 
a ci” Cl sar Ni ont ‘hal 
(XXVIIIa.) (XX Xa.) 


as those described above. Linkage of two metallic atoms by an ethylenediamine molecule is, however, 
very rare, owing to the strong tendency of the diamine molecule to form a chelate grouping with one 
metallic atom alone. On the other hand, it is noteworthy that while the tetrachloro-phosphine and 
-arsine compounds react with one molecule of aa’-dipyridyl, they will not react with less than two 
molecules of ethylenediamine, a striking difference in behaviour which may be due to the steric inability 
of the dipyridyl to bridge the palladium atoms [as in (XXVIIIa) and (XXXb)): consequently, one 
molecule splits the unsymmetrical bridged complex directly, as shown on p. 875. 
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2-41 and 9-5D respectively : as these compounds possess two rotating unsymmetrical 
sulphide groups, their moments are larger than those expected for the corresponding alkyl- 


Et,S. be re Et,S. é Jl 
(a) ar, an (B) 
Cl SEt Et,S Cl 


phosphine or -arsine compounds. Further, monobromodiethylgold, Et,AuBr,AuFt, 
(Burawoy and Gibson, Joc. cit.) and beryllium acetylacetonate (Smith and Angus, Proc. 
Roy. Soc., 1932, A, 187, 372), both of which possess symmetrical structures, have moments 
approximating to 1D. 

“It is possible that the measured moments of the simple dichlorobisphosphine(and 
arsine)palladium compounds are due (1) to abnormally high atom polarisation, or (2) to a 
vibration of the links out of the normal position, or (3) to an equilibrium between the cis— 
trans-forms in solution. Since, however, the gold and the beryllium compound, which 
cannot show cis-trans-isomerism, have moments of the same order of magnitude, it is 
probable that the moments of these palladium compounds are due to causes (1) and 
2) alone. 
™ “The values expected for the moments of the three forms of the butylphosphine(and 
arsine)tetrachloro-compounds are thus : for the unsymmetrical structure (III), » = 12—14; 
for the cis-symmetrical structure (1Va), 7—8; for the ¢vans-symmetrical structure (IVb), 
0—1. The experimental moments do not agree with any of these values, and it appears 
probable that an equilibrium must exist in solution between forms (IVa) and (IV), or 
between all three forms. 

“ To obtain a more definite idea of the magnitude of the moment of an unsymmetrical 
compound corresponding to (III), the butylphosphine dichloromono-oxalate was measured, 
and its dipole moment (also in benzene) found to be » = 3-55. If, however, this compound 
has the structure (VIII) (Table I), in which the chlorine atoms bridge the palladium atoms, 
a moment of 12—14 would have been expected. Hence, it appears that the oxalate group 
must be forming the h-idge, and the compound is therefore capable of existing in solution in 
the usual three forms, viz., the unsymmetrical (VIIIA) and the cis- and ¢rans-symmetrical, 
(VIIIB) and (VIIIC) respectively. An equilibrium of these three forms in solution 
would explain the observed moment. 
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‘‘ Bridge formation by the oxalate radical receives some support from the action of 
ammonium thiocyanate on the butylarsinetetrachloro-compound (XIV), by which the 
bridging chlorine atoms are replaced by the thiocyanate radicals, giving the dithiocyanato- 
dichloro-compound (XV).” 

Mr. Finn’s suggested formulation of the dichloro-oxalate is of great interest, but it must 
be urged (a) that no chemical evidence could be found to support these formule, nor is 
there any available evidence that an oxalate radical can further co-ordinate through its 
carbonyl groups in this way; (6) that if these formule are correct, the oxalate group pre- 
sumably bridges the two palladium atoms in the dinitro-oxalate (XI), yet the latter is formed 
so readily in the cold from the tetranitrite (X) that it is extremely unlikely that the funda- 
mental rearrangement required for the insertion of a bridging oxalate group can occur; 
(c) that although the bridged compounds prepared in this investigation show normal mole- 
cular weights in benzene solution, yet certain of them, notably the dichloro-oxalate (VIII) 
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and the dinitro-oxalate (XI), show low molecular weights in ethylene dibromide and particu- 
larly in bromoform solution. The reason for this apparent dissociation is still obscure. 
No fundamental change in the character of the compounds can occur in these solvents, for 
the solutions have the same colour as those in non-dissociating solvents; moreover, the 
bridged compounds can be recovered unchanged from solution by evaporation. The 
cause of these abnormal molecular weights may, however, invalidate any interpretation of 
the dipole moment of the dichloro-oxalate, although these moments were determined in 
benzene solution. 

The parachors of four of the new tetrachloro-compounds have been determined: the 
results are parallel to those of the parent dichlorobisphosphine(and arsine)palladium 
compounds (Mann and Purdie, Joc. cit.) in that the parachors show a marked negative 
anomaly, and that the apparent parachor of the constituent palladium atoms falls steadily 
as the homologous series is ascended. The table records the parachor of each constituent 
palladium atom in the molecule: if, however, the four-membered bridged ring in the 
molecule is assumed to have the normal parachor ( — 9-5 units) of four-membered rings 
in purely organic molecules, then the parachors of each palladium atom should be further 
reduced by 5 units. 

Parachors of Bridged Palladium Derivatives. 


[(R,P)PdCl,],. [(RAs),PdCl,]». 


~ y 4 ~ 
Parachor Parachor 
(P], of 1 Pd [P], of 1 Pd 
Compound. M. p. obs. =[P].* atom. Compound. M. p. obs. =[P].* atom. 
R = n-Bu 145° 1376 1336 20 R = n-Bu 128° 1395 1364 15 
n-Am 127 1589 1573 8 n-Am 108 1622 1601 10 


* S[P] represents the sum of the parachors of all the elements except the two metallic atoms. 





Pa 


When the butylphosphine tetrachloro-compound in cold alcoholic solution is treated 
with 1 equiv. of ethylthiol, one chlorine atom is replaced by the ethylthio-radical, giving 
monochloromono(ethylthio)bis(butylphosphine)-u-dichlorodipalladium, 


[(Bu,P),PdCl,PdCl(SEt)]. 


Only one form of this compound has been obtained in the solid state: but it will be clear 
that it should exist in the unsymmetrical form (given in the above formula) and also in 
cis- and trans-modifications of the symmetrical form, corresponding to (III) and to (IVa) 
and (IV6) respectively, and its constitution is now being fully investigated. 

It is noteworthy that bridged tetrachloropalladium derivatives of the aliphatic sulphides 
are difficult to prepare, and the lower members appear to be extremely unstable. When 
alcoholic solutions of the lower dichlorobisalkylsulphidepalladium compounds and am- 
monium palladochloride were boiled together, considerable reduction to metallic palladium 
occurred, and the required bridged derivatives could not be isolated, but the higher 
members, ¢.g., the n-octyl sulphide derivative, could be readily prepared. Attempts to 
prepare the corresponding bridged platinous compounds of the phosphines and arsines also 
failed, chiefly because the metallic platinochlorides are almost insoluble in aqueous 
alcohol, and considerable reduction to platinum occurred when, ¢.g., dichlorobistri-n- 
butylphosphineplatinum, [(Bu$P),PtCl,], was boiled with an aqueous-alcoholic solution of 
potassium platinochloride. Attempts to prepare mixed platinum-—palladium compounds, 
such as [(Bu§P),PtCl,PdCl,], by boiling alcoholic solutions of the former platinous 
derivative and of ammonium palladochloride, also failed, considerable reduction again 
occurring. It is possible that differences in the dimensions of the two metallic complexes 
prevent this mixed bridging. 

The tautomerism shown by the above dipalladium derivatives is undoubtedly due to - 
the comparatively weak co-ordinating power of the palladium atoms, the phosphine and 
arsine molecules and the acid radicals being thus abnormally labile : this factor also explains 
why, in 4-covalent palladium compounds of type [a,Pd b,], only the more stable érans- 
isomeride can usually be isolated. The corresponding bridged diplatinum compounds would 
be of great interest, as it is probable that in such compounds the more stable co-ordination 
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of the phosphine or arsine molecules to the platinum atoms would partially or completely 
inhibit tautomerism parallel to that shown by the palladium compounds. 

The investigation of the above bridged phosphine and arsine compounds throws new 
light upon the true constitution of a number of complex platinum and palladium deriv- 
atives to which apparently abnormal compositions have been ascribed in the past. It 
is noteworthy that all these compounds possess deep colours, and in the majority the metal 
appears to show a co-ordination number of five. If, however, these compounds are formu- 
lated as bridged-halogen derivatives, their apparent abnormality at once disappears. For 
instance, Jérgensen (J. pr. Chem., 1886, 38, 489) described a reddish-brown monoammino- 
monoethylaminoplatinum tribromide, NH,etn PtBr, (where etn = EtNH,); and Drew, 
Pinkard, Wardlaw, and Cox (J., 1932, 1013) described the analogous dark-red pyridine 
compound, NH,py PtCl;, which they obtained by exposing a mixture of [NHgpy PtCl,] 
and hydrochloric acid to the oxidising action of the air, and to which ~“f allotted the , 





1 Cl ( Cl Cl | 
PY LL PY PID eb PY | Hh, hl, Nis | 
re Tm 1X Late 7 Re dX bd 
CINH, d L NH,Cl NH, Cl NH, } NH; rh Cl NH, | 
. l l l 
(XXXL) (X XXII.) ; (X XXIII.) | 


formula (XXXI). It is, however, extremely unlikely that this compound could possess two 
platinum atoms, each of co-ordination number five, directly linked in this way, or that two 
of the chlorine atoms can have even an electrovalent attachment to the co-ordinated 
ammonia molecules. It is clear that actually a portion of the original platinous compound 
has undergone oxidation to the non-ionic platinic derivative [NHgpy PtCl,], and that two 
chlorine atoms of this compound have co-ordinated to the platinous atom of the unchanged 
material, giving the bridged derivative (XXXII). Great interest attaches to a compound 
of this type because it possesses two platinum atoms each showing a co-ordination number 
of six, the first (or left-hand) atom being a platinous * and the second a platinic atom, each 
atom being presumably at the centre of the usual 6 co-ordination octahedron. The platinous 
atom, being co-ordinated by two covalent and four co-ordinate links, will give a non-ionic 
complex : the (right-hand) platinic atom, being co-ordinated by four covalent and two co- 
ordinate links, will give a similar complex, and the complete molecule will therefore be non- 
ionic as shown. A precisely similar formulation can be applied to Jérgensen’s compound. 

Drew, Pinkard, Preston, and Wardlaw (J., 1932, 1898) obtained a similar compound, 
(NH,),PdCl,, as black crystals by the combined action of hydrochloric acid and hydrogen 
peroxide on [(NH,),PdCl,], ascribed to it the unlikely constitution 


Cl,(NH;)2Pd-Pd(NH5),Cl,, 


and suggested that its black colour was due to the Pd-Pd linkage. Here again, there is 
little doubt that oxidation has given the non-ionic palladic complex [(NHg),PdCl,], which 
was then co-ordinated through two bridged chlorine atoms to the original palladous deriv- 
ative, giving thus the compound (X XXIII) which similarly possesses palladous and palladic 
atoms each showing a co-ordination number of six. Tschugaieff and Tscherniaeff (Z. 
anorg. Chem., 1929, 182, 159) described a similar compound of composition (NH;),Pd(OH)Cl,, 
which also formed black needles, and to which a precisely parallel constitution to (XX XIII) 
can clearly:be applied. Since the only effective difference in condition between the two 
metallic atoms in this class of compound is that one possesses two electrons less than the 


* Several previous examples of bivalent platinum and palladium showing a co-ordination number of 
six have been described, e.g., the stable bis(triaminopropane)platinous di-iodide, [{C,;,H,(NH,)3},Pt]l,, 
and its palladium analogue (Mann, J., 1928, 892; 1929, 656); the two stable isomeric acetonitrile 
derivatives, [(NH;),(Me°CN),Pt]Cl,, and the corresponding picrates (Tschugaeff and Lebedinski, Compt. 
vend., 1915, 161, 563); the compound [(NH,OH),Pt(OH),], in which the hydroxyl groups are not 
ionised, the compound being a very weak base unaffected by carbon dioxide (Werner-—Pfeiffer, op. cit., 
p. 180); the unstable compound [(NH,),Pt]I, (Peters, Z. anorg. Chem., 1912, 77, 137). 
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other, resonance between the two atomic states will occur very readily, and it is probably 
this resonance which is mainly responsible for the dark colour the compounds possess. 

The correctness of the bridged-chlorine formule of type (XXXII) and (X XXIII) for 
the above compounds receives strong confirmation from Drew and Tress’s discovery (J., 
1935, 1246) that the red compound en PtCl, can be made esther by the gentle oxidation of 
fen PtCl,] or by grinding together a moist mixture of {en PtCl,] and [en PtCl,]: clearly, 


Cl Cl f Cl 7 (etn etn 


a, yok Pr NH. C NH, | etn xy Cl} _etn 
st aed Spe \PtY SPY Cl,,4H,0 
“vi Cl ats etn sh Cl ‘Le etn” 4 “CI + “etn 
l 1 ] l etn etn 


(XX XIV.) (XXXV.) (XXXVI) 
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therefore, the latter compound must have co-ordinated through bridged-chlorine atoms to 
the former platinous derivative to give a compound of constitution (XXXIV). Drew and 
Head (J., 1934, 224) showed similarly that [(NHg) etn PtCl,] and [(NH,) etn PtCl,] com- 
bined to give a compound of empirical formula NH, etn PtCl,, which evidently has the 
constitution (XX XV). 

A final important example of this type of bridged complex salt is the deep red compound 
which Wolffram (Diss., Kénigsberg, 1900) obtained by the action of hydrochloric acid and 
hydrogen peroxide on tetrakisethylaminoplatinous dichloride, [etn,Pt}Cl,,2H,O, and which 
Reihlen and Flohr (Ber., 1934, 67, 2010) and also Drew and Tress (J., 1935, 1244) showed to 
have the empirical formula etn,PtCl,,2H,O. The former authors prepared this compound 
also by the interaction of aqueous solutions of the colourless [etn,Pt}Cl, and the yellow 
fetn,PtCl,}Cl, : they considered it to be a special lattice compound which behaved as a 
double salt of type [etn,Pt}Cl,,[etn,PtCl,}Cl,,4H,O, since it gave a pale yellow aqueous 
solution, which in turn gave normal reactions for both components. Drew and Tress found 
that the red hydrate gave a yellow anhydrous derivative, which rapidly reabsorbed water on 
exposure to the air. They also showed that only two-thirds of the chlorine in the red salt 
was ionised in solution (which would be expected if it dissociated into its components), 
and that potassium thiocyanate converted it into a compound of empirical formula 
etn,PtCl(CNS),, and potassium bromide similarly into etn,PtBr,,2H,O. They concluded 
therefore (a) that Wolffram’s red salt had the formula [etn,PtCl}Cl,,2H,O, being a deriv- 
ative of tervalent platinum of co-ordination number five, (6) that it was intertransformable 
into a dimeric form of constitution [Cl etn,Pt-Pt etn,Cl)Cl,, containing quadrivalent 
platinum, and (c) that in solution it gave the ions [etn,Pt]", fetn,PtCl,]", and 4Cl’. It is 
now clear, however, that when fetn,Pt]Cl, and [etn,PtCi,]Cl, are mixed in solution, no 
reaction other than simple ionisation occurs, and the colour thus remains pale yellow. 
The separation of the red salt (which evidently exists only in the solid state) is due to the 
complex platinic ion in concentrated solution co-ordinating through its two chlorine atoms 
with the platinous ion, and separating immediately as the hydrated tetrachloride (XXXVI). 
Here again the compound consists of a platinous and a platinic atom each showing a co- 
ordination number of six, and each when linked in this way showing an external valency of 
two: hence the formation of the tetrachloride. On dissolution in water, the bridged 
linkages break, and the original two complex platinum ions and the simple chlorine ions are 
again formed. The work of Drew and Tress shows that the bridged chlorine atoms can be 
replaced by bromine, but not replaced stably by thiocyanate radicals, since even the di- 
chloro-tetrathiocyanate decomposed in hot water. The formula (XXXVI) accounts for 
all the properties described by the earlier workers. 

The failure to elucidate the constitution of these bridged platinum compounds has been 
due chiefly to their insolubility in most liquids, and occasionally to their instability. The 
palladium derivatives of the organic phosphines and arsines, on the other hand, are freely 
soluble in organic liquids and possess great stability, and it is primarily these physical 
properties that have rendered possible the first detailed investigation of the structure of 
these bridged metallic derivatives. 
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EXPERIMENTAL. 


The dipole and the crystallographic data were supplied by Mr. A. E. Finn (Dyson Perrins 
Laboratory, University of Oxford) and by Mr. A. F. Wells (Crystallography Laboratory, Uni- 
versity of Cambridge) respectively and are gratefully acknowledged. 

The names of the solvents used for recrystallisation are given in parenthesis immediately 
after the name of the substance concerned. All molecular weights recorded were measured 
cryoscopically, except those marked ¢, which were ebullioscopic. The parachors were deter- 
mined in the same apparatus as that already described (Mann and Purdie, /oc. cit.), the symbols 
having the same significance. 

Dichlorobis(trialkylphosphine)--dichlorodipalladium, (III) and (IV).—All members form 
orange-red crystals. The general method of preparation is best shown by that of the ethyl com- 
pound, the preparation of the other members being precisely similar except that smaller quantities 
of alcohol and a shorter period of heating are required for the higher members. A solution of 
ammonium palladochloride (2-8 g.) in warm water (20 c.c.) was diluted with alcohol (40 c.c.) and 
then added to a solution of dichlorobistriethylphosphinepalladium (4-0 g., 1 mol.) in hot 
alcohol (150 c.c.). The mixture was boiled under reflux for 1} hours, a trace of palladium being 
then removed by filtration : on cooling, the ethyl compound crystallised. It was separated and 
washed with water; yield 5-3 g.; m. p. 230° (alcohol) (Found: C, 24-2; H, 5-1; Pd, 36-0. 
CygHg9Cl,P, Pd, requires C, 24-3; H, 5-1; Pd, 36-1%). 

The n-propyl compound (alcohol, then acetone), m. p. 189° (Found: C, 32-3; H, 5-9; Pd, 
31-5. C gH, Cl,P,Pd, requires C, 32-0; H, 6-3; Pd, 31-6%). 

The n-butyl compound (alcohol), m, p. 145° (Found: C, 37-8; H, 6-8; Cl, 18-8; Pd, 28-2; 
M, in 1-617% benzene solution, 756; in 3-462%, 763; in 0-588% ethylene dibromide solution, 
805; in 2-051%, 828; in 2-370% alcohol ¢ solution, 779; in 4-948%,t 862; in 3-855% acetone f 
solution, 1030. C,,H,,Cl,P,Pd, requires C, 37-9; H, 7-2; Cl, 18-6; Pd, 28:1%; M, 760); 
t, 156°; d, 1-269; y (dynes/cm.), 27-92; [P], 1376; [P)pa = 20. 

The crystals belong to the monoclinic system and show a very simple development, being 
flat plates tabular on a{100} with prisms {110} or compact crystals with the same forms : 
a:b:c = 1-62:1: 1-10, 8’ = 743°. The crystals have high negative birefringence and a large 
optic axial angle. There is marked pleochroism: « pale yellow, 8B = b, lemon yellow, and y 
(19° from the c axis in the obtuse angle B 113$°) deep orange, Referred to the above axes, the 
structural unit cell has a’ = 20-5, b = 12-7, c = 14-0A., and #’ = 74}°, and is body-centred. 
The alternative c-face-centred cell has a = 21-5, b = 12-7,c = 14-0A., 8B = 1134°. Referred to 
these new axes, the indices of the faces become a(100) and m(111). Oscillation photographs 
about these axes and a Weissenberg photograph about the b axis showed the halvings character- 
istic of the space-groups Cc or C 2/c. Since the crystals show no pyroelectricity when tested in 
liquid air, the latter is the more probable. The observed density, 1-43 (flotation), indicates that 
there are 4 molecules in the unit cell, and these will be situated either on diad axes or at symmetry 
centres. Further work is required to distinguish between these possibilities. 


Dipole measurement on the n-butyl compound in benzene at 25°. 


a2, es, Nas. Py gP. 
0°8738 2°2727 2-2580 — — 
08848 2°3053 2°2647 301°1 188'5 
0°8870 2-3121 2-2659 301°3 186°8 
08888 2°3171 2-2671 299°5 188-0 
0'8929 2°3307 2-2693 302-3 186°8 


oP 3010 c.c.; gP, 187-5 c.c.; oP, — wP,y = 1135 c.c.; wp = 2°34 D, The symbols have their 
usual significance. 


A solution of the above butyl tetrachloro-compound (2-0 g.) and ammonium iodide (1:5 g., 
4 mols.) in alcohol (50 c.c.) was boiled for 30 minutes; on cooling, deep red crystals of di-iodobis- 
(tvi-n-butylphosphine)--di-iododipalladium separated, m. p. 136° (acetone) (Found: C, 25-9; 
H, 51. C,,H,,1,P,Pd, requires C, 25-6; H, 4-85%). 

The n-amyl compound (alcohol), m. p. 127° (Found: C, 42-6; H, 7-6; Cl, 16-8; Pd, 25-1; 
M, in 1-709% benzene solution, 825; in 2-367%f, 848. C,,H,,Cl,P,Pd, requires C, 42:7; H, 
7-9; Cl, 16-8; Pd, 25-3%; M, 844): ¢, 144°, 156°; d, 1-199, 1-190; y, 26-00, 25-28; (P], 1589, 
1590; mean, 1589. [P]pa = 8. 

The higher members of the above homologous series are sparingly soluble in cold alcohol and 
cyclohexane, moderately soluble in acetone, and freely soluble in benzene and chloroform ; 
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solubility in organic liquids increases as the series is ascended, this increase being greatest 
between the methyl, ethyl, and »-propyl members. 

Dichlorobis(trialkylarsine)-y-dichlorodipalladium (as III and IV).—All members formed 
deep (garnet) red crystals; the general method of preparation was precisely similar to that of 
the phosphine analogues. 

The methyl compound (alcohol), decomp. 252—260° without melting (Found: C, 12-5; 
H, 2-8; Pd, 35-7. C,H,,Cl,As,Pd, requires C, 12-1; H, 3-05; Pd, 35-85%), forms small needles 
of nearly square cross-section, showing straight extinction along the needle. There is high 
birefringence and marked pleochroism : pale yellow for vibrations along the needle and orange- 
red at right angles to the needle axis. The X-ray photographs and the optical properties of 
the crystals when viewed in the direction of the needle axis suggest that they may be twinned. 
The spacing along the needle axis is 7-22 A. 

The methyl compound is sparingly soluble in boiling water, the ethyl homologue is slightly 
soluble, and the higher members insoluble in hot water. 

The ethyl compound (acetone) m. p. 212° (slight decomp.) (Found: C, 21:2; H, 4:2. 
Cy,gHg Cl,As,Pd, requires 21:2; H, 4:4%). This compound was also prepared by heating 
dichlorobistriethylarsinepalladium at 3 x 10-* mm. pressure; at 195—200° decomposition 
occurred, with evolution of triethylarsine and solidification of the product. The latter when 
recrystallised from acetone gave the above pure ethyl derivative. 

The n-propyl compound (alcohol), m. p. 160° (Found: C, 28-1; H, 5-55. C,,H,,Cl,As,Pd, 
requires C, 28-3; H, 5-5%). 

The n-butyl compound (alcohol), m. p. 128° (Found: C, 34:1; H, 6-5; Pd, 24:9; M, in 
1-693% benzene solution, 818; in 4-898%, 844; in 0-664% bromoform solution, 803; in 1-444%, 
832; in 0-975% ethylene dibromide solution, 833; in 1-629%, 829. C,,H,,Cl,As,Pd, requires 
C, 34-0; H, 6-4; Pd, 25-2%, M, 847); #, 145°, 157°; d, 1-412, 1-398; y, 29-07, 28-14; [P], 
1394, 1396; mean, 1395; [P]pqa = 15. 

This compound was also prepared by heating dichlorobistri-n-butylarsinepalladium at 
3 x 10° mm.: the molten material lost tri-nm-butylarsine at 195—210°, and then. solidified on 
cooling, the crude product when recrystallised from alcohol giving the above pure butyl 
derivative. 

Crystals of this butyl compound are completely isomorphous with those of its phosphorus 
analogue, there being no appreciable difference in cell size or crystal habit. Density (flotation) 
1-58, giving 4 molecules in the unit cell. 


Dipole measurement on the n-butyl compound in benzene at 25°. 


a2", 2, 35°. P;. zP. 


0°8738 2°2727 2°2580 _ _ 
0°8870 2°3077 2°2647 323°8 193-0 
0°8896 2°3146 2°2670 322-4 196-2 
0°8965 2°3340 2°2692 323°9 191-4 
0°005771 0°8970 2°3351 2°2696 323°3 191°5 


ols, 323°4 c.c.; pPs, 192°0 c.c.; .P, — xP, = 181°4 c.c.; p = 2°52 D. 


The n-amyl compound (alcohol), m. p. 108° (Found: C, 38-9; H, 7-1. CggH,eCl,As,Pd, 
requires C, 38-6; H, 7-1%); ¢, 145°, 157°; d, 1-304, 1-294; y, 26-57, 25-75; [P] 1622, 1622; 
[P]pa = 10. 

The solubility of the members of this homologous arsine series in various organic liquids is 
closely similar to that of the analogous phosphine compounds. 

Action of aa'-Dipyridyl—(1) On the phosphine compounds. A solution of dipyridyl 
(0-21 g.) in cold alcohol (20 c.c.) was rapidly added to a solution of the -butylphosphine tetra- 
chloro-compound (III) (1-00 g., 1 mol.) in alcohol (100 c.c.) at 25°. The deep orange-red colour 
immediately changed to pale yellow, and on cooling, a small crop of yellow needles of dichloro- 
dipyridylpalladium (VII) separated. The mixture was taken to dryness in a desiccator and the 
residue extracted with hot alcchol. The insoluble residue was the dipyridyl compound (Found: - 
C, 36-2; H, 2-55; Pd, 31-8. C,,H,N,Cl,Pd requires C, 36-0; H, 2-4; Pd, 32-0%), and the 
alcoholic extract on evaporation gave pure dichlorobis-(-butylphosphine)palladium, yellow 
crystals, m. p. 65—66°, unchanged when mixed with an authentic specimen. 

The identity of the dichlorodipyridylpalladium was confirmed by a direct preparation, a 
solution of aa’-dipyridyl (0-5 g.) in alcohol (30 c.c.) being added to one of ammonium pallado- 
chloride (0-9 g., 1 mol.) in warm water (10 c.c.), diluted with alcohol (50 c.c.) before the addition. 
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An immediate buff precipitate separated, and changed rapidly on stirring into honey-yellow 
needles identical in appearance with those obtained above; after the mixture had been warmed 
gently on a water-bath for 30 minutes and then cooled, the crystals were separated, washed with 
water, alcohol, and ether, and dried (Found: C, 36-1; H, 2-5; Pd, 31-7%). The dipyridyl 
compound is unchanged when heated to 300°; it is very slightly soluble in boiling water, alcohol, 
and acetone, and is best recrystallised in small quantities from a mixture of dioxan (4 vols.) and 
water (1 vol.), in which solvent, however, reduction occurs after several minutes’ heating. 

(2) On the arsine compounds. Precisely similar results were obtained when a solution of 
dipyridy] (0-18 g.) in alcohol was added to a solution of the n-butylarsine tetrachloro-compound 
(as III) (1-00 g., 1 mol.) in alcohol (100 c.c.) at 25°; the colour of the solution at once became 
pale yellow, but the precipitation of dichlorodipyridylpalladium started within a few seconds 
and was soon complete. The filtrate, similarly treated, gave pure dichlorobis-(-butylarsine)- 
palladium, m. p. 52—54°, unchanged on admixture with an authentic sample. 

Oxalatobis-(n-butylphosphine)-u-dichlorodipalladium (VIII).—The finely-powdered tetrachloro- 
compound (III) (8 g.), suspended in a solution of potassium oxalate (20 g.) in water (120 c.c.) 
and alcohol (15 c.c.), was heated on a water-bath with occasional shaking until conversion into 
the brown oxalate was complete (6—7 hours). The product was cooled, and the oxalate 
separated, washed with water, dried, and recrystallised from benzene. The dichloromono-oxalate 
was obtained as pale yellowish-brown crystals, which, placed in a bath at 180°, had m. p. 185—186° 
(decomp.) ; slow heating gave a lower m. p. The oxalate can be recrystallised also from alcohol 
or acetone, but is then usually contaminated with a trace of finely-divided palladium (Found : 
C, 40-1; H, 7-0; Pd, 27-5; M, in 0-554% benzene solution, 767; in 5-350%,t 803; in 1-658% 
ethylene dibromide solution, 482; in 2-915%, 476; in 1-272% bromoform solution, 396. 
C,,H,;,0,Cl,P,Pd, requires C, 40-2; H, 7-0; Pd, 27-56%; M, 776). 


Dipole measurement on the dichloro-oxalate in benzene at 25°. 


d?5", ee nase. P,. uP. 
0°8737 2°2727 2-2580 — — 
0°8787 2-3041 2-2604 452-4 191-6 
0°8808 2-3167 2-2617 452°7 1915 
0°8823 2-3257 2-2622 452°1 189°5 
0-002974 0°8829 2-3296 2-2626 450°9 191°1 


ols 452°0 c.c.; gPy, 19l-4c.c.; .P, — eP, = 260°6 c.c.; wp = 3°55 D. 


Action of aa'-dipyridyl. Solutions of the oxalate (VIII) (1-500 g.) and dipyridyl (0-302 g.) 
in acetone (45 c.c. and 20 c.c. respectively) were mixed, a buff-coloured precipitate slowly 
forming. After 24 hours, this precipitate was separated, and the solution evaporated to dryness 
in a desiccator. The residue was extracted with boiling acetone, a further crop of the insoluble 
buff-coloured precipitate remaining; the acetone solution on cooling deposited the dichlorobis- 
phosphine (VI), as yellow crystals, m. p. 65—66°, unchanged by admixture with an authentic 
sample. The buff precipitate was pure oxalatodipyridylpalladium, (IX), which on heating 
decomposes without. melting (Found: C, 40-9; H, 2-6; Pd, 30-3. C,,H,O,N,Pd requires C, 
41-05; H, 2-3; Pd, 30-4%). 

Dinitritobis-(n-butylphosphine)-y-dinitritodipalladium (X).—The finely-powdered chloro-com- 
pound (III) (6-0 g.) was shaken with saturated aqueous sodium nitrite solution (30 c.c.) with 
occasional warming until conversion into the pale yellow product was complete (2—3 days). 
This product was filtered off and dried, and proved to be an unstable hydrated addition compound 
of the above compound (X) and sodium nitrite, of composition 


[(BugP),Pd(NO,),Pd(NO,),],4NaNO,,2H,O 


(Found: C, 26-1; H, 5-5; N,9-5; Pd, 19:25; NaNOg,, 23-8. C,,H,,0,,N,Na,P,Pd, requires 
C, 25-9; H, 5-3; N, 10-1; Pd, 19-2; NaNO,, 24-7%). This product, when shaken with water, 
dissociated, giving (X): the latter, when added to saturated sodium nitrite solution, re- 
formed the addition product. The ¢etranitrito-compound (X),; obtained as above, was separ- 
ated, dried, recrystallised from cyclohexane, and thus obtained as yellow crystals, m. p. 138° 
(slight decomp.) (Found: C, 35-6; H, 6-7; N, 6-75; Pd, 26-5; M in 0-849% benzene solution, 
1010; in 2-842%, 1100; in 5-000%, 1110; in 0-489% ethylene dibromide solution, 855; in 
0-917%, 858; in 1-970%, 883 ; in 0-381% bromoform solution, 930; in 0-970%, 1020; in 1-789%, 
1060. C,,H,,O,N,P,Pd, requires C, 35-9; H, 6-8; N, 7-0; Pd, 266%; M, 802). The tetra- 
nitrite is insoluble in water, but readily soluble in alcohol; it is rapidly converted by hydrochloric 
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acid into the original tetrachloro-compound (III), and by concentrated sodium nitrite solution 
on boiling into the dinitrobisphosphinepalladium (XII). 

Action of oxalic acid on the tetranitrite (X). When cold alcoholic solutions of the butylphos- 
phine tetranitrite compound (X) (4-00 g.) and of oxalic acid (0-64 g., 1 mol.) were mixed, bright 
yellow crystals were rapidly precipitated. These were separated, and when recrystallised from 
alcohol or acetone gave oxalatobis-(n-butylphosphine)-u-dimiitritodipalladium (X1) as yellow needles 
which, when placed in a bath at 185° and then heated, darkened at 192—195° and melted 
201—204° (decomp.) (Found: C, 39-0; H, 68; N, 3-3; Pd, 26-6; M, in 0-455% ethylene 
dibromide solution, 710; in 0-575%, 709; in 0-522% bromoform solution, 723; in 1-490%, 
722. Cy .H,,O,N,P,Pd, requires C, 39-2; H, 6-8; N, 3-5; Pd, 26-75%; M, 798). , 

Action of dipyridyl. Solutions of the tetranitrite (X) (1-500 g.) and aa’-dipyridy] (0-292 g.) in 
alcohol (20 c.c. and 10 c.c. respectively) were mixed, a fine yellow crystalline precipitate rapidly 
separating. Evaporation to dryness in a desiccator gave the yellow compound mixed with white 
crystals. Extraction with a small quantity of hot alcohol left the insoluble yellow crystals of 
dintiritodipyridylpalladium (XIII), which on heating decomposes without melting (Found: N, 
15-6; Pd, 29-7. C,,H,O,N,Pd requires N, 15-8; Pd, 30:1%), while the filtrate on cooling 
deposited white crystals of dinitritobis(butylphosphine)palladium (X11), m. p. 140° (Found : C, 
47-6; H, 8-7; N, 4-65. C.4H,,O,N,P,Pd requires C, 47-75; H, 9-0; N, 4-6%). 

Dinitritobts (tri-n-butylarsine)paliadium.—A mixture of the finely-powdered butylarsine tetra- 
chloro-compound (XIV) (5 g.) and saturated aqueous sodium nitrite solution (20 c.c.) was shaken 
for 1 hour, and then gently warmed until the reaction was complete and the deep red particles 
of the tetrachloro-compound entirely replaced by yellow crystals. The latter were separated, 
washed with water, and recrystallised from methyl alcohol, the above diniirito-compound being 
thus obtained as pale yellow prisms, m. p. 96° (Found: C, 42-0; H, 7:7; Pd, 15-6. 
C,y,4H,,0,N,As,Pd requires C, 41-7; H, 7-9; Pd, 15-4%). No compound analogous to the phos- 
phine derivative (X) could be detected in the reaction product. 

Thiocyanate Derivatives —The arsenic compounds are described first, in accordance with 
Table II. 

Dichlorobis-(n-butylarsine)--dithiocyanatodipalladium (XV). (1) The butylarsine tetrachloro- 
compound (XIV) (2-00 g.) and pure ammonium thiocyanate (0-36 g., 2 mols.) were boiled to- 
gether in alcoholic solution for 5 minutes. On cooling, orange crystals of the above compound 
(XV) separated, and when recrystallised from alcoholic acetone had m. p. 101° (Found: C, 
34-9; H, 6-1; N, 3-3; Pd, 23-7. C,,H,;,N,Cl,S,As,Pd requires C, 35-0; H, 60; N, 3-1; Pd, 
23-9%). 

(2) Hot alcoholic solutions of dichlorobis-n-butylarsinepalladium (XVI) and of excess 
potassium thiocyanate were mixed, potassium chloride being immediately precipitated. The 
latter was separated, and the filtrate on cooling gave yellowish-orange crystals of dithiocyanato- 
bis-(n-butylarsine)palladium (XVII), which after recrystallisation from alcohol had m. p. 75° 
(Found: C, 43-6; H, 7-4; Pd, 15-0. C,,H,,N,S,As,Pd requires C, 43-6; H, 7-6; Pd, 14-9%). 
This thiocyanate (2-00 g.) and ammonium palladochloride (0-79 g., 1 mol.) were boiled together 
in alcoholic solution for 1 hour. Qn cooling, an oil separated and slowly solidified; the solid 
product when twice recrystallised from alcoholic acetone gave the dithiocyanato-dichloride 
(XV), m. p. 101°, unchanged by admixture with that obtained by method (1). 

Dithiocyanatobis-(n-butylarsine)-p-dithiocyanatodipalladium (XVIII). Cold alcoholicsolutions 
of the dithiocyanato-dichloride (XV) and of potassium thiocyanate were mixed, potassium 
chloride being at once precipitated. Water was added drop by drop with stirring to the clear 
filtrate, and fractional precipitation of the palladium compounds thus obtained. The first 
fraction, recrystallised from alcohol, gave orange crystals of the dithiocyanate (XVII), m. p. 
74—75°, unchanged by admixture with a sample prepared as above; the second fraction, twice 
crystallised from alcohol, gave orange crystals of the above /etrathiocyanato-compound (XVIII), 
m. p. 111° (Found: C, 35-7; H, 5-9; N, 5-7; S, 13-8. CygH,,N,S,As,Pd, requires C, 35-8; 
H, 5-8; N, 6-0; S; 13-7%). 

The identity of the tetrathiocyanate (X VIII) was further confirmed by treating the dichloride 
(XVI) (2-50 g.) in alcoholic solution with ammonium palladothiocyanate, (NH,),{Pd(SCN),], 
(1 mol.), prepared by adding pure ammonium thiocyanate (1-13 g., 4 mols.) to ammonium 
palladochloride (1-07 g., 1 mol.) in alcoholic solution. After the mixed solutions had been boiled 
for 20 minutes and then cooled, orange crystals separated ; these, when four times recrystallised 
from acetone, had m. p. 109—110°, unchanged by admixture with (XVIII). It is clear that in 
this reaction the dithiocyanate (XVII) must have first been formed and then converted into the 
tetrathiocyanate (XVIII). : 
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The above series of reactions was repeated with corresponding »-propyl derivatives : 

Dichlorobis-(n-propylarsine)-p-dithiocyanatodspalladium (as XV). (1) The propylarsine tetra- 
chloro-compound (as XIV) (2 g.) was boiled in alcoholic solution with ammonium thiocyanate 
(0-80 g., 2 mols.) for 10 minutes. The orange crystals of the required compownd (as XV) 
which separated on cooling were recrystallised from alcoholic acetone, and had m. p. 151° (Found: 
C, 29-4; H, 5-05; N, 3-3; S, 8-1; Pd, 26-1. C,,H,.N,CI,S,As,Pd, requires C, 29-7; H, &2; N, 
3-5; S, 7-9; Pd, 26-4%). 

(2) Dichlorobis-n-propylarsinepalladium (as XVI) (3 g.) was warmed with a 20% alcoholic 
potassium thiocyanate solution (10 c.c.) until the colour changed toa clear yellow. The mixture 
was filtered and cooled, and the crystals separated, washed with water, drained, and four times 
recrystallised from alcohol. The dithiocyanatobis-(n-propylarsine)palladium (as XVII) was 
obtained as golden-yellow crystals, m. p. 90—91-5° (Found: C, 38-1; H, 7-0; N, 4:7. 
CopHggN.S,P,Pd requires C, 38-0; H, 6-7; N, 44%). 

When an alcoholic solution of this dithiocyanate (1-50 g.)} and of ammonium patladochloride 
(0-68 g., k mol.) was boiled for 1 hour and then cooled, orange crystals of the above dithiocyanato- 
dichloride (as XV) separated; these when recrystallised from alcoholic acetone had m. p. 151°, 
unchanged on admixture with a specimen prepared by method (1). 

Dithiocyanatobis-(n-propylarsine)-u-dithiocyanatodipalladium (as XVIII), The above 
dithiocyanato-dichloride (as XV) was treated im cold alcoholic solution with an excess of 
potassium thiocyanate. Water was then added with stirring and the mixed product fractionally 
precipitated as before. This first fraction, recrystallised from alcohol, gave the arsine analogue 
of (XVII), m. p. 90—91°; the second fraction, recrystallised from alcoholic acetome, gave 
orange crystals of the tetrathiocyanato-compound (as XVIEE), m. p. 142° (Found: C, 3F-l; H, 
5-3; N, 63. C,,H,.N,S,As,Pd, requires C, 30-9; H, 5-0; N, 6-6%). 

Dichlorobis-(n-butylphosphine)-p-dithiocyanatodipalladium (as XV).—This compound was 
prepared by two methods as before. 

(4) The butylphosphine tetrachloro-compound (as XIV)- (2 g.) was boiled for 20 minutes 
in alcoholic solution with ammonium thiocyanate (0-80 g., 2 mols.); the orange crystals of 
the dithiocyanate-dichloride (as XV) which separated on cooling were recrystallised from alcoholic 
acetone; m. p. 142° (Found: 38-6; H, 66; N, 3-7; S, 8-1. CygH,,N,Cl,S,P,Pd, requires 
C, 38°83; H, 68; N, 3-5; S, 7-95%). 

(2) Mixed alcoholic solutions of dichiorobisbutylphosphinepalladium (as XVI) and of 
excess potassium thiocyanate were boiled for a few minutes, filtered to remove potassium 
chloride, and cooled. White crystals of dithiocyanatobis-(n-butylphosphine)palladium (as XVII); 
separated, m. p. 112° after crystallisation from alcohol (Found: C, 4965; H, 85; N, 4-4. 
CygH,,N,S,P,Pd requires C, 49-8; H, 8:7; N, 45%). 

This dithiocyanate (1-00 g.) and ammonium palladochloride (0-45 g., | mol.) were boiled 
together in alcoholic solution. Cooling gave crystals of the above dithiocyanato-dichloride, 
m. p. 142° after crystallisation from alcoholic acetone, unchanged when mixed with a specimen 
obtained by method (1). 

Dithiocyanatobis-(n-butylphosphine)-u-dithiocyanatodipalladium (as XVIII).—The above 
dithiocyanato-dichloride (as XV) (2-00 g.) and pure ammonium thiocyanate (0-38 g., 2 mols.)) 
were boiled together in alcoholic solution. On cooling, orange crystals of the /etrathiocyanato- 
compound (as XVIII) separated, and after recrystallisation from alcohol had m. p. 165° (Found: 
C, 395; H, 62; N, 68; Pd, 24-7. C,,H,,N,S,P,Pd, requires C, 30-5; Hi, 6-4; N, 6-6; Pd, 
25-b%). 

The same compound was. obtained when the dithiocyanate-dichloride was similarly treated 
with an excess of either ammonium or potassium thiocyanate, rupture of the molecule to give 
the unbridged dithiocyanate (as XVII) apparently never occurring. 

Action of Moneamines on the Phosphine and Arsine Compounds.—(1) Aniline. Solutions of 
the butylphosphine tetrachloro-compound (IV, 1-50 g.) and aniline (0-36 c.c., 2 mols.) im aleohol 
(100-c.c. and 10 ¢.c. respectively) were mixed at 20°, the orange-red colour of the phosphine com- 
pound immediately changing to pale yellow. The aleohol was removed in a desiccator; and a 
homogeneous yellow residue, m. p. 65—67°, was obtained. Recrystallisation from light 
petroleum (b. p. 40—50°) gave yellow crystals of dichloromonoanilinomono-n-butyl phos phine- 
palladium (XIX), m. p. 68° (Found : C, 45-5; H, 7:2; N, 3-1. C€,gHy,sNCl,PPd requires C, 46-7; 
H, 7-25; N, 30%). 

(2) p-Toluidine. (a) Cold benzene solutions of the butylphosphine tetrachloro-compeund 
(LV,,2-00-g.) and of -toluidine (0-563.g., 2 mols.) were mixed, the orange-red. colour again chang- 
ing immediately to yellew. The benzene was removed in a desiccator, and, the homogeneous, 
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product recrystallised as in (1). Dichloromono-p-toluidinomono-n-butylphosphinepalladium 
(as XIX) was obtained as yellow crystals, m. p. 75° (Found: C, 46-4; H, 7-6; N, 2-9; M, in 
1-502% benzene solution, 496; in 3-014%, 496. C,.H,,NCIl,PPd requires C, 46-8; H, 7-5; 
N, 29%; M, 487). 

(b) Cold ethereal solutions of the butylarsine tetrachloro-compound (as IV) (2-00 g.) and 
of p-toluidine (0-505 g., 2 mols.) were mixed, the deep red colour of the arsine compound changing 
immediately to pale orange. The homogeneous crystalline residue, obtained and recrystallised 
as before, gave the arsine analogue of the preceding compound, orange crystals, m. p. 87° 
(Found: C, 42-9; H, 6-5; N, 2-6; M, in 1-750% benzene solution, 533; in 3-468%, 541. 
C,,H,,NCl,AsPd requires C, 42-95; H, 6-8; N, 2.6%; M, 531). 

(c) Cold alcoholic solutions of the butylphosphine tetranitrite compound (XX, 2-00 g.) and of 
p-toluidine (0-54 g., 2 mols.) were mixed and evaporated in a desiccator. The residual yellow 
oil on exposure to air rapidly solidified to a homogeneous product, which on recrystallisation 
from cyclohexane gave dinitritomono-p-toluidino-n-butylphosphinepalladium (XXI), pale yellow 
crystals, m. p. 86—88° (partial decomp.) [Found: C, 45-1; H, 7:1; N, 81; M, in 1-680% 
benzene solution, 509; in 3-258% (almost saturated), 550. C,,H,,O,N,PPd requires C, 44-9; 
H, 7-15; N, 83%; M, 508]. 

Action of Ammonia.—(1) On the butylphosphine tetrachloro-compound (IV) (see Table III). 
A slow stream of dry ammonia was passed over a weighed porcelain boat containing the finely- 
powdered tetrachloro-compound (IV, 2-000 g.): the latter was rapidly converted into a white 
crystalline derivative, a constant increase in weight of 0-356 g. being ultimately obtained. 
Although an addition of 4 mols. of ammonia to each palladium atom in (IV) requires an increase 
of 0-358 g., the constitution of this very unstable product is difficult to decide : the white colour, 
however, indicates a rupture of the bridged complexes, and the compound may be a 6-co-ordin- 
ation derivative of bivalent palladium of formula [(BugP)PdCl(NH,),|Cl. This compound 
when placed in a vacuum or even on exposure to air rapidly lost 1 equiv. of ammonia, giving the 
white triammino-n-butylphosphinepalladium dichloride (XXII). Since it was difficult to stop the 
dissociation sharply at this stage, the triammino-compound was also prepared by blowing dry 
ammonia through a solution of the tetrachloro-compound (IV) (5 g.) in cold benzene (120 c.c.) ; 
the orange colour rapidly faded, the triammino-compound then being precipitated. The latter 
was separated, washed with ammoniacal light petroleum (b. p. 40—50°), and finally dried quickly 
on the filter by a stream of air containing ammonia (Found: C, 32-3; H, 8-1; Pd, 24-0. 
C,,H;,N,Cl,PPd requires C, 33-4; H, 8-4; Pd, 248%). In spite of these precautions, further 
slight loss of ammonia occurred, the compound developing a faint yellow surface tint owing to 
the formation of the compound (XXIII). 

The triammino-compound (XXII) is itself very unstable, and on treatment with concentrated 
hydrochloric acid loses all its ammonia, at once reverting to the original tetrachloro-compound 
(IV). When it is exposed to air, only 2 mols. of ammonia are lost; the same reaction occurs 
rapidly when it is boiled with acetone, and the clear solution on cooling deposits yellow crystals 
of dichloromonoammino-n-butylphosphinepalladium (XXIII), which, recrystallised from alcohol or 
from cyclohexane-light petroleum, has m. p. 71° (Found: C, 36-6; H, 7-3; N, 3-2; Cl, 18-2; 
Pd, 26-9; M, in 1-681% benzene solution, 373; in 4.709%, 390; in 0-329% bromoform solution, 
396; in 0-994%, 397. C,,H,,NCI1,PPd requires C, 36-3; H, 7-6; N, 3-5; Cl, 17-9; Pd, 26-9% ; 
M, 397). 

The monoammino-compound (XXIII) on treatment with ammonia in benzene solution 
reverts to the triammino-compound (XXII). On treatment with concentrated hydrochloric 
acid, it loses ammonia and at once gives the original tetrachloro-compound (IV); the same 
reaction occurs, but more slowly, when the monoammino-compound is exposed in a vacuum, 
or when its benzene solution is allowed to stand for several days at room temperature. 

(2) On the butylarsine tetrachloro-compound (see Table IV). This compound, when finely 
powdered and treated exhaustively with dry ammonia, underwent complete decomposition, the 
free arsine being liberated. It was therefore treated with dry ammonia in a boat as before 
until a homogeneous friable white powder was obtained, and the reaction was then stopped before 
liberation of free arsine began. This white product was too unstable for detailed investigation. 
When treated with dry acetone, it lost ammonia, deposited a white powder, and gave a yellow 
solution. The white powder was separated, quickly dried, and proved to be tetrammino- 
palladium dichloride (XXV) (Found : H, 4-9; C, nil; Pd, 44-2. Calc. fi: H,,N,Cl,Pd: H, 4-9; 
Pd, 43-4%); the high Pd value is due to the instability of this compoun., the identity of which 
was confirmed by treatment with concentrated hydrochloric acid, which at once gave the yellow 
dichlorodiamminopalladium (XXVII). The yellow solution on evaporation gave dichlorobis- 
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n-butylarsinepalladium (XXVI), which when recrystallised from alcohol had m. p. 54°, 
unchanged by admixture with an authentic sample. 

Precisely similar results were obtained when ammonia was blown into a solution of the butyl- 
arsine tetrachloro-compound in cold benzene; the solution deposited a white precipitate and 
rapidly became colourless. The precipitate, extracted with acetone, gave the tetrammino- 
compound (XXV) and the bisbutylarsine derivative (X XVI) as before. 

Action of Ethylenediamine.—(1) On the butylphosphine tetrachloro-compound. (a) A 1% 
alcoholic solution of ethylenediamine hydrate (40-8 c.c., 2 mols.) was added to a solution of the 
tetrachloro-compound (2 g.) in cold alcohol (100 c.c.), the colour of the solution immediately 
becoming pale yellow. Evaporation in a vacuum at room temperature gave a homogeneous 


- yellow oil which subsequently crystallised. This yellow compound proved too unstable for 


purification, but is apparently the bis-(n-butylphosphine)bis(ethylenediamino)-u-dichlorodi- 
palladium dichloride (XXVIII) (Found: N, 5:7; Pd, 24-4. C,,H,)N,Cl,P,Pd, requires N, 6-4; 
Pd, 24-25%). Itis soluble in alcohol, but insoluble in water : its aqueous alcoholic solution gives 
an immediate and copious precipitate with alcoholic silver nitrate solution. Boiling with cyclo- 
hexane converted it into white insoluble crystals of monochloro-n-butylphosphine-ethylenediamino- 
palladium monochloride (KXIX). The latter is freely soluble in water, the solution giving an 
immediate precipitate with silver nitrate; boiling with water decomposed the compound, and 
recrystallisation was not achieved (Found : C, 38-5; H, 8-1; N, 6-2; Pd, 24-2. C,,H;;N,Cl,PPd 
requires C, 38-2; H, 8-0; N, 6-4; Pd, 24-25%). Hydrochloric acid, added to its aqueous 
solution, gave a yellow precipitate of the original tetrachloro-compound, which after recrystallis- 
ation from alcohol had m. p. 144—145°, unchanged when mixed with an authentic sample. 

(6) A solution of ethylenediamine hydrate (0-41 g., 2 mols.) in benzene (5 c.c.) and absolute 
alcohol (10 c.c.) was added to a solution of the tetrachloro-compound (2 g.) in benzene (20 c.c.). 
The colour slowly faded and white crystals of bis(ethylenediamino)palladium dichloride began to 
form. These were separated [Found : N, 18-85; Pd, 35-2 (ignition). Calc. for C,H,,N,Cl,Pd : 
N, 18-8 ; Pd, 35-8%] and the filtrate evaporated at room temperature; the solid residue on 
recrystallisation from alcohol gave dichlorobisbutylphosphinepalladium, m. p. 64—65°, 
unchanged when mixed with an authentic sample. 

(2) On the butylarsine tetrachloro-compound. When absolute alcoholic solutions of the tetra- 
chloro-compound and of ethylenediamine hydrate (2 mols.) were mixed, an intermediate com- 
pound of type (XXX) was undoubtedly formed, but steadily decomposed during the evaporation 
at room temperature, the white crystals of bis(ethylenediamino)palladium dichloride being con- 
tinuously precipitated, while the dichlorobisarsine-compound formed the final residue. In 
benzene solution, this decomposition is much more rapid. Thus a solution of ethylenediamine 
hydrate (0-74 g., 2 mols.) in benzene (10 c.c.) and absolute alcohol (10 c.c.) was added to one of 
the butylarsine tetrachloro-compound (4 g.) in benzene (25 c.c.). The colour of the solution 
faded and a white precipitate of bis(ethylenediamino)palladium dichloride rapidly formed. The 
residue obtained by evaporating the filtrate gave dichlorobistributylarsinepalladium, m. p. 
54° after recrystallisation from alcohol. It is noteworthy that when either the butyl-phosphine 
or -arsine tetrachloro-compound in alcoholic solution was treated with only one molecular 
equivalent of ethylenediamine, much of the tetrachloro-compound was recovered unchanged, 
and therefore a reaction similar to that given by aa’-dipyridyl apparently does not occur. 

Monochloromonoethylthiobis-(n-butylphosphine)-y-dichlorodipalladium.—Cold solutions of the 
butylphosphine tetrachloro-compound (2 g.) and of ethylthiol (0-24 c.c., 1:2 mols.) in 
alcohol (150 and 25 c.c. respectively) were mixed: the colour of the solution faded to a pale 
yellow and fine yellow crystals separated in a few minutes. These were collected and recrystal- 
lised from alcohol, the above compound being obtained as yellow needles, m. p. 151° (Found : 
C, 39-9; H, 7-5; Cl, 13-4; S, 4-05; M, in 1-065% ethylene dibromide solution, 896; in 2-040% 
974. C,H,Cl,SP,Pd, requires C, 39-7; H, 7-6; Cl, 13-55; S,4:1%; M,785). Itis noteworthy 
that the palladium and mercury bismercaptides (Mann and Purdie, /oc. cit.) showed an association 
in solution which similarly increased with increasing concentration. 

Dichlorobis-(n-octylsulphide)-y-dichlorodipalladium.—When an aqueous solution of ammonium 
palladochloride was shaken with pure di-n-octyl sulphide (2 mols.) for 3 hours, the dichloro- 
compound [{(C,H,,),5},PdCl,] which separated could not be recrystallised, as its m. p. was 
below room temperature. It was therefore dissolved in a little alcohol, and shaken with an 
aqueous solution of (NH,),[PdCl,] (1 mol.) at 40° for a further 3 hours. The brown solid product 
which had separated was collected, washed with water, dried, and twice recrystallised from 
petrol, the above ¢etrachloro-compound being obtained as pale brown crystals, m. p. 61° (Found : 
C, 44-1; H, 8-0; Pd, 24:3. C,,H,¢gCl,S,Pd, requires C, 44-0; H, 7-9; Pd, 24-5%). This com- 
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pound, warmed in ethereal solution with 1 equiv. of dioctyl sulphide, regenerated the above 
dichlorobisocty]sulphidepalladium. 


The authors are greatly indebted to Prof. Sir Gilbert Morgan, F.R.S., for the ««’-dipyridyl 
used in this investigation, to Messrs. The Mond Nickel Co., Ltd., for a loan of palladium, and 
to the Department of Scientific and Industrial Research for grants. 
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203. The Photolysis of Formaldehyde, Acetaldehyde, and Acetone at 
High Temperatures. 


By E. I. AKERoyD and R. G. W. Norrisu. 


It is a matter of some interest that, whereas the photolysis of acetaldehyde at elevated 
temperatures takes on the character of a chain reaction, that of acetone does not. Leer- 
makers (J. Amer. Chem. Soc., 1934, 56, 1537) showed that in the former case the quantum 
yield rises from unity at 100° to values of the order of 10? between 300° and 400° for light 
of wave-length 3130 A. With acetone. however, the quantum yield never rises appreciably 
above unity (Leermakers, ibid., p. 1899; Winkler, Trans. Faraday Soc., 1935, 31, 761). 

The chain mechanism proposed by Leermakers is based largely on the methyl radical 
as a carrier, as follows : 


(1) CHyCHO + # = CH, + CHO (5) CH, + CH,CHO = CH, + CH,-CO 
(2) CHO —CO +H (6) CH, + CH, CH, 

(3) H+ CH,CHO =H,+CH,;CO (7) CHO + CHyCHO = = hi’ '+ CO + CHO 
(4) CH;CO° =CH,+CO (8) CH, +CHO =CH,+CO 


If this mechanism is correct, the reason for the marked difference between the behaviour 
of acetaldehyde ard acetone must be ascribed to the reactive hydrogen in the aldehyde, 
and therefore to the absence of any reaction in the case of the acetone analogous to (5), 
1.é., 

(9) CH, + CH,°CO-CH, = C,H, + CH,°CO 
There are, however, other possibilities which are not excluded, for Leermakers’ kinetic 
results might be explained in either of the two following ways : 


hy + R-CHO = R + H+CO iv +RCHO =R+H-+CO 
H + R-CHO = RH+CO+H H+RCHO = RH-+CHO 
ii, cane CHO + R-CHO = RH + CO + CHO 
R+R oy R+R —R 

R+H — RH CHO+CHO =2C0+H, 


(I.) (II.) 


In mechanism (I) the chain carrier is a hydrogen atom, but in (II) it is the CHO group. 
Each of these expressions leads to a kinetic equation identical with the empirical relation- 
ship obtained by Leermakers, 1.e., dA /dt = Igps, + RA WV Tavs, Where A represents the 
concentration of aldehyde. The inertness of acetone to chain propagation could then be 
explained by the relatively low reactivity of the methyl radical in comparison with the 
hydrogen atom. 

In order to test these points we have carried out a series of comparative experiments on 
the effect of temperature on the photolysis of formaldehyde, acetaldehyde, acetone, and 
mixtures of the last two. Leermakers’s experimental results are confirmed ; in addition, 
we find that formaldehyde decomposes at elevated temperatures by way of a chain reaction 
which is kinetically similar to that of acetaldehyde, while with mixtures of acetaldehyde and 
acetone there is neither measurable inhibition by the acetone nor sensitisation by the 
aldehyde. 

These results partly support Leermakers’s mechanism, for if either of the alternative 
mechanisms given above were true, we should expect either an inhibition of the aldehyde 
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chain by acetone due to the reaction H + CH,°CO-CH,; = CH, + CH,’CO, or altern- 
atively a sensitisation of the decomposition of acetone, if the acetyl radical were further 
able to take part in the chain, ¢g., by a reaction analogous to (7): CH,°CO + 
CH,°CO-CH, = C,H, + CO + CH,°CO. The fact that no such sensitisation occurs, 
however, also argues against the validity of reaction (7) itself, for with acetone present 
we should expect CHO + CH,°CO-CH, = CH, + CO + CH,°CO to occur, which, according 
to Leermakers, would be a chain-propagating reaction. For this reason we prefer to 
eliminate reaction (7) from Leermakers’s scheme, and thus arrive at a simplification which 
has some bearing on the discussion of the kinetics (see p. 893). 


EXPERIMENTAL. 
The apparatus is shown im Fig. 1. The reaction vessel consisted of a clear silica tube of 


240 c.c. capacity. This was enclosed in an electric furnace which was wound in four sections 
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and could be kept at a temperature constant to + 0-5° over a length of 20 gm. One end of the 


furnace was closed by a silica lens by means of which the light from a fnercury lamp could 
be focused into the reaction vessel. The lamp was of special design; it fwas used ‘‘ end-on ”’ 
and gave a luminous area of 2 sq. cm. through a plane quartz end-plate. The light beam after 
passing through an infra-red water filter was rendered slightly convergent by the lens. Thelamp 
was run from a battery of accumulators, and afforded a source of very constant intensity. 
Further, when the reaction system had been set up it was undisturbed throughout a series of 
measurements to ensure constancy of illumination. The reaction vessel was connected by a 
ground joint to a vertical mercury manometer, a mercury diffusion pump, and reservoirs of 
aldehydes and acetone. Rate measurements for acetone were made by means of the pressure 
change in the system, a sensitive glass Bourdon gauge being used. In the case of acetaldehyde 
and formaldehyde the volumes of (CO + CH,) and (H, + CO) respectively were measured in a 
micro-burette to obviate errors due to polymerisation accompanying the decomposition. All 
the connecting tubing and the mercury manometer were wound with 32-gauge nichrome wire 
covered by a layer of asbestos string and heated electrically to 100° to prevent polymerisation of 
the formaldehyde. The reactants were purified by standard methods as follows: For acetalde- 
hyde, Leighton and Blacet (J. Amer. Chem. Soc., 1933, 55, 1766); for formaldehyde, Trautz and 
Ufer (J. pr. Chem., 1926, 113, 105) ; for acetone, Shipsey and Werner (J., 1913, 103, 1255). No 
attempt was made to measure absolute quantum yields. Since the quantum yields of formalde- 
hyde (Norrish and Kirkbride, J., 1933, 1578) and acetaldehyde (Leermakers, J]. Amer. Chem. 
Soc., 1934, 56, 1537) are known to be unity at 100°, and that of acetone to be 0:3 at 60°, all that 
was necessary was to carry out standard runs at these temperatures, with which the velocities 
at the higher temperatures could be compared on the assumption that no change in extinction 
coefficient with temperature occurred. The pressures employed at the different temperatures 
were chosen so as to yield a series of constant concentrations and are recorded as pressures 
reduced to 100°. 
Results, 

In Table I(a) and (0), the rates of decomposition of aldehyde, measured in c.c. of aldehyde 
at N.T.P. decomposed per minute, have been divided by the pressure of aldehyde reduced to 
100°. It is seen that at each temperature the velocity is proportional to the concentration of 
aldehyde. 
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TABLE I. 


(a) Acetaldehyde. 
(To convert rates to mm./min. at 100°, multiply by 3°63.) 












WU. scmectnenidecinsbceinestie 100° 150° 200° 250° 300° 350° 

tiote. os Sere. , DE Es rovccareee 1-86 6°61 21°5 64-0 131-0 241-0 
TRCHOT 2t4 150 mm. ....sssscees 1-81 7-0 20°7 68°3 144°6 244-0 
J 7-0 23-1 71:5 








(b) Formaldehyde. 
(To convert rates to mm./min. at 100°, multiply by 4°84.) 













nn a RT 100° 200° 250° 300° 325° 350° 
é, 100 mm. .......6...- 1-65 4°81 13-2 58-0 89-0 65:0 
CHOY atd 200 mm. ............ 1-40 4°75 15°3 65-0 102°5 195-0 
l J 0-9 4-15 13°1 65-0 110°5 214-0 








The rates of decomposition of acetone were measured by the Bourdon gauge, and are shown 
below reduced to mm. of mercury at 60°. 













Acetone: 70 mm. at 60°. 


WINTER... ovcnensebuceseenaperinenenhesinnieiinihesntniets 63° 99° 199° 300° 396° 
estensite P 6°15 6°52 8°5 9°91 









In all cases blank runs were carried out in the dark; with acetone no measurable thermal 
decomposition was apparent in any case below 400°, but with formaldehyde and acetaldehyde a 
small amount of thermal decomposition occurred at the higher temperatures, for which the rates 
of photolysis were subsequently corrected. 

In order to find if acetone exerted any inhibiting effect upon the rate of photolysis of acet- 
aldehyde, a series of runs was carried out at 350° using acetaldehyde at about 167 mm. pressure 
with increasing quantities of acetone. The results are in Table II. 


























TABLE II. 
Rate Rate 
(mm./min.) in Rate of (mm./min.) in Rate of 

Me’CHO, COMe,, ————, photolysis, Me-CHO, COMe,, —"—..__ photolysis, 

mm. mm. dark. light. mm./min. mm. mm. dark. light. mm./min. 

167 0 0-1 5°60 5°50 169°5 4-2 Ol 5°46 5°36 

165°5 0 0-11 5°72 5°61 166°3 8°6 0°09 5°36 5°27 

166°1 0 01 5°74 5°64 167°1 17°4 0-11 5°44 5°33 

169 0°6 01 5°28 5°18 168°3 83°3 0°12 5°04 4°92 

166°8 2°3 0-1 5°76 5°66 


The slight falling off in velocity of photolysis with increasing pressure of acetone may be 
ascribed to the reduction in the effective light intensity by the absorption of part of the light by 
the acetone. It is thus clear that acetone does not act as an inhibitor to the aldehyde chain. 
These experiments, however, do not show whether acetone itself enters into the chain reaction ; 
in order to test for such possible photo-sensitisation, three comparative runs were carried out at 
350°, (1) with acetaldehyde alone, (2) with equal amounts of acetone and acetaldehyde, (3) with 
acetone alone. At the end of a given period of illumination the gas produced in each case was 
pumped away and analysed, with the results shown below : 





Time of C.c. at N.T.P. 
illuminaton ~- ee ~ 
Run. (mins.). co. CH, C,H, Unsat. H,. 
B. Mle CIRO (00 Bae.) pencesreccanisacreresiers 187 20°4 20°1 0-0 0-6 — 
II. Me-CHO (128 mm.) + COMe, (128 mm.) 274 24°3 23°4 0°4 0-3 — 
III. COMe, * (128 mm.) .........eeeeeeeeeeeeseeees 284 1:0 0°8 0-4 015 oO 


* Only the total volume of gas was measured, and the composition calculated from the analyses 
of Winkler (/oc. cit.) at this temperature. 


It seems clear that, although at this high pressure the acetone acting as an “ inner filter ”’ 
again reduces the velocity of the photolysis of the aldehyde, yet there is no appreciable photo- 
sensitised decomposition of the acetone, judging from the quantity of ethane produced. 
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DISCUSSION. 


At pressures between 100 and 200 mm. of acetaldehyde at 100°, a column of 25 cm., 
corresponding to the length of our reaction vessel, would absorb over 90%, of the incident 
light between 3100 and 2500 A. Thus, with constant intensity, J,,., is approximately 
constant, and Leermakers’s rate equation may be written : 


Rate/[Aldehyde] = k,/[Aldehyde] + k, 
Our results for acetaldehyde and formaldehyde recorded in Table I are in accordance with 


this expression. For temperatures greater than 150°, when the chain length becomes great, 
the second term is much larger than the first. 





In these cases Rate/[Aldehyde] is sensibly Fic. 2. 
constant, although for formaldehyde it tends to © Acetaldehyde 
increase slightly with the pressure as would be ® Formaldehyde 


the case if I,y., were not quite constant but 








increased with the pressure. At lower tem- 2 
peratures the log (Rate/[Aldehyde])-1/T graph 3 
deviates from the straight-line relation owing S 
to the operation of the first term (Fig. 2). 8 
In Table III the values of the quantum S 
yields have been calculated, the values already 2 
recorded at 100° for acetaldehyde and formalde- € 7 ‘ 
hyde and at 60° for acetone being assumed. ‘ 
Hence, while there are exactly similar chain ba 


reactions in formaldehyde and acetaldehyde, ey 


there is none in acetone; neither is there any rag 
inhibition of the aldehyde photolysis by acet- 0 
one or sensitisation of the acetone photolysis by 15 20° pyr 5 
aldehyde in mixtures of the two. Further, ' 

although the absorption coefficient of acetone is of the same order as that of the acetaldehyde, 
yet there is only a small decrease in the rate of phetolysis of acetaldehyde as the pressure 

















TABLE III. 


Mean quantum yields in the photolysis of aldehyde and acetone at constant concentration and at 
constant intensity of irradiation by mercury light through quartz. (Pressures reduced 


to 100°.) 
TEMP. ..icccccsccsccceee 63° 100° 150° 200° 250° 300° 325° 350° 396° 
H-CHO (100 mm.) .... — 1-0 — 2-9 80 350 639 1100 — 
Me-CHO (100mm.) — 1:0 3°5 ls 4 74 — 1380 ll — 
COMe, (70 mm.)...... 0:3 0°47 _ 0°5 _ 0°65 — _- 0°76 


of acetone is increased (Table II); this suggests that light absorbed by the acetone can 
generate chains in the aldehyde by the reaction of the methyl groups set free in the primary 
act. Such decrease as there is may be accounted for if the quantum yield of the primary 
decomposition of acetaldehyde is greater than that of acetone. 

These facts dispose of the two mechanisms suggested as alternatives to that of Leer- 
makers, and we canclude that the chains are indeed propagated by methyl radicals. 
Reaction (7) is omitted for reasons already stated, and this leads to a simplified kinetic 
equation for the velocity of photolysis at high temperatures when the first term is negligible, 
viz., a[R*CHO]/dt = (k;/k,)[R°CHO]V Jans, the R’s referring to the reactions on p. 890; 
k, refers to an atomic recombination and will be unaffected by temperature, so the measured 
temperature coefficient must refer to k;. The energies of activation have been calculated 
from the slopes of the graphs in Fig. 2, giving 9-8 kg.-cals. for acetaldehyde (cf. 10 kg.-cals. 
obtained by Leermakers) and 16-2 kg.-cals. for formaldehyde. On the basis of the above 
deductions these must refer respectively to the reactions 

CH, + CH,-CHO = CH, + CH,°CO 
H + H-CHO = H, + HCO 
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The Primary Reactions.—In our study of the primary processes operative in the photo- 
lysis of aldehydes and ketones, we have inclined to the view that both radicals are liberated 
either simultaneously or the one very quickly after the other (Bamford and Norrish, 


Hy H RH + CO 
Doo a co }7 
R 


J., 1935, 1504) : 


R \R+H+CO 


With aldehydes, a very high proportion of the hydrocarbon RH is produced in all cases; 
this has led us to the view that the hydrocarbon is formed directly in the process of dis- 
ruption, and that free radicals and hydrogen atoms are only set free in small amounts 
(10% of the decomposition). This view has been confirmed by Pearson’s experiments 
(tbid., p. 1151); it is obvious that the occurrence of chain reactions at high temperatures 
can be readily explained as originating from the free radicals produced, but that it in no 
way demands that the whole of the primary change should occur in this way. This answers 
Leermakers’s objection (J. Amer. Chem. Soc., 1934, 56, 1904) to our view. Furthermore, 
the primary mechanism which we have assumed above is equivalent kinetically to the 
combination of reactions (1) and (2) of Leermakers’s scheme. In assuming the spontaneous 
decomposition of the CHO radical, he is adopting the conclusion already reached by one of 
us (Norrish, Trans. Faraday Soc., 1934, 30, 103); it is a small step from this to the virtual 
simultaneous rupture of both bonds. Thus, none of the results at high temperature is in 
disagreement with the theory based on those obtained at low temperatures, and the modified 
scheme for the chain photolysis of aldehydes may now be written 


RH + CO 


R 
(1), (2) Av + R-CHO = ( co) 
H R+H+CO 


(3)  H+RCHO =H, + RCO 
(4) RCO =R+CO 

(5) R-+RCHO=RH=R-CO 
(6) R+R  =R 


In the case of formaldehyde the scheme is still further simplified by reactions (3) and (5) 
becoming identical. 


(Primary reaction) 


SUMMARY. 


1. The rate of photolysis of formaldehyde, acetaldehyde, and acetone has been 
measured at a series of temperatures between 400° and that of the room. 

2. Confirming the results of previous workers, a chain reaction was found with acet- 
aldehyde but not with acetone. Formaldehyde exhibited a chain reaction similar to that 
of acetaldehyde. 

3. The temperature coefficients gave values of the heat of activation of 9-8 kg.-cals. 
for acetaldehyde and 16-0 kg.-cals. for formaldehyde. 

4. A study of the rate of photolysis of mixtures of acetaldehyde and acetone has led to a 
slight simplification of the mechanism of Leermakers, and has confirmed the propagation 
of the chain by methyl radicals. 


Our thanks are due to the Government Grants Committee of the Royal Society and to the 
Chemical Society for grants towards the cost of apparatus, and to the Department of Scientific 
and Industrial Research for a maintenance grant to one of us (E. I. A.). 
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204. An Improved Apparatus for the Microhydrogenation of 
Organic Compounds. 


By HAROLD JACKSON and RICHARD NORMAN JONES. 


THE investigations now being carried out in these laboratories on the lipochromes and 
other unsaponifiable constituents of different species of marine life (Burkhardt ef al., 
Biochem. J., 1934, 28, 1698; Heilbron, Jackson, and Jones, tbid., 1935, 29, 1384; Heilbron 
and Phipers, ibid., p. 1369) have necessitated the construction of an apparatus suitable 
for quantitative microhydrogenation. 

The first account of such an apparatus is due to Hyde and Scherp (J. Amer. Chem. Soc., 
1930, 52, 3359), who adapted the Warburg respirometer (‘‘ Uber den Stoffwechsel der 
Tumoren,” Berlin, 1926) for this purpose. A further modification was introduced by 
Kuhn and Mdller (Angew. Chem., 1934, 47, 145), who applied a differential principle in 
which the difference between the volume of hydrogen absorbed by a known weight of a 
control substance and by the experimental substance was measured. This apparatus is 
very sensitive to small temperature changes and requires to be operated in an accurate 
thermostat. 

Smith (J. Biol. Chem., 1932, 96, 35) developed an “ absolute ” method, in which the 
pressure of hydrogen in the apparatus is maintained constant, and the diminution in 
volume due to absorption is measured directly. By employing a reaction vessel of suitable 
design, effects of temperature were largely eliminated and the apparatus functioned without 
thermostatic control. 

The design of a suitable apparatus is complicated by the fact that the reaction vessel 
must be vigorously shaken to cause hydrogenation. Kuhn and Moller (loc. cit.) rocked 
the whole apparatus, including the measuring system, but Smith (loc. cit.) agitated the 
reaction vessel separately, the necessary freedom of motion being supplied by a coil of glass 
tubing connecting the reaction system to the burette. Further, consequent upon the 
necessity of shaking, the method of introducing the substance to be hydrogenated offers 
some difficulty. it is essential that complete equilibrium between catalyst and hydrogen 
atmosphere be attained before the reaction commences; this requires considerable 
agitation, whilst the weighed quantity of material must be introduced afterwards without 
simultaneous entry of air. 

In the present apparatus we have modified Smith’s method as regards shaking, have 
devised an improved means of introducing the substance, and have also made complete 
compensation for temperature changes.* 


EXPERIMENTAL. 


The apparatus is illustrated diagrammatically in Fig. 1. The reaction system R is clamped 
to a wooden framework ¢ arranged to swing about an axis through the hollow ground-glass 
bearing b,b, (No. 1, size of ground joint) kept in position by steel springs. Through the centre 
of the bearing, communication is made with the mercury burette B (of 4 ml. capacity, graduated 
in 0-01 ml.). The height of the mercury reservoir is adjusted by means of a mechanical device 
which permits the burette level to be accurately controlled. Included in the system is a mercury 
manometer m and a McLeod gauge, which enables the presence of any leak to be readily detected. 
The system is evacuated with an oil pump at E, and pure dry hydrogen is admitted through the 
tap 1. The capillary tubing used throughout is of 1-5 mm. bore. 

The Reaction System R.—This consists of a reaction vessel V (diameter of bulb, 4-5 cm.; 
neck 1-75 x 14 cm.) and a compensator C connected by ground-glass joints (No. 2 size) to 


* There has recently come to our notice a paper by Slotta and Blanke (J. pr. Chem., 1935, 143, 3) 
in which another modification of Smith’s apparatus is described; this differs in many important 
features from our own. 

+ This is supported by two light ‘‘ Meccano.” towers screwed rigidly to a heavy baseboard. The 
lower end of the shaker is coupled directly to a geared motor (ratio 14: 1) by an eccentric which allows 
motion of the reaction system through an arc of some 20°, A variable resistance is included in the 
motor circuit. 
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the arms of a capillary manometer containing -butyl phthalate, as recommended by Smith 
(loc. cit.). At the lower extremity of the manometer is a three-way tap, 7, which facilitates 
introduction of the manometric fluid and, in conjunction with tap 6, permits the compensator 
system to be isolated from the reaction system. Into the side of the reaction vessel is fused a 
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ground-glass tap T (1-5 cm. internal diam.) at the extremity of which a stout platinum wire is 
attached bent at the end so as to form a hook (see Fig. 2). The correct shaping of this hook is 
of great importance for the efficient operation of the dropping mechanism. The substance to 
be hydrogenated is contained in a small glass tube (10 x 5 mm.) supported from the hook by a 
on 2 platinum loop as shown. At the desired moment the tube (which 
ae can be used indefinitely) is dropped into the flask by turning the 

tap in a clockwise direction. 

Temperature Compensation.—In Smith’s apparatus the influ- 
ence of temperature fluctuations upon the gaseous volume of the 
reaction vessel was compensated for by means of an exactly 
similar flask, no account being taken of the volume of the 
remainder of the apparatus including the manometer and the 
connections thereto. We have not found this sufficiently accurate 
when temperature changes of the order of a few degrees occur, and 
accordingly we have measured the /ofal volume of the apparatus 

and increased the volume of the compensator flask C so as to make compensation complete. As 
so designed, small erratic fluctuations of the n-butyl phthalate manometer were encountered, 
due to differential temperature effects caused by air currents. These were completely eliminated 
by enclosing the reaction system, including burette and shaking mechanism, in a draught- 
proof wooden chamber provided with a door and window through which the necessary 
observations are made. 
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Determination of the Volume of the Apparatus.—This was carried out by allowing a known 
volume of air, enclosed in the calibrated vessel S, to expand into the evacuated system (taps 
3 and 4 being closed) by opening taps 8 and 9. The resultant pressure was measured on the 
mercury manometer m, and the required volume calculated by application of Boyle’s law. 
Closure of taps 6 and 7 and repetition of the experiment enabled the volume of the reaction 
system, exclusive of the compensating system, to be separately determined; the volume of the 
latter is then found by difference, and its volume increased (by enlargement of the flask bulb) so 
as to become equal to that of the former. 

Reagents.—(a) Hydrogen. High-quality cylinder hydrogen (supplied by The British Oxygen 
Co. Ltd.) was purified before use by passage over platinised asbestos heated to 600° in the electric 
furnace F, followed by washing with sodium plumbite solution (Kuhn and Méller, Joc. cit.) 
and drying over calcium chloride. It will be observed (Fig. 1) that throughout the purification 
train, ground-glass joints were used, lubricated with ‘“‘ apiezonfett ’’ (Grade L). 

(b) Solvents. Glacial acetic acid (A; see table) and decalin (D) or mixtures of these (D : A) 
were employed. The acetic acid was kept for a few days over chromic anhydride and then 
distilled twice. The decalin was shaken with Fic. 3 
10% fuming sulphuric acid, left for 2 days, 4 ea Bhat 4 





——$$ va 


and the colourless u t layer then removed, : 
washed, dried, and distilled. as i canst had 

(c) Cleaning agents. The ground-glass 
joints of the reaction vessel and the glass { 
bearings were cleaned with thiophen-free 
toluene. 

(d) Catalysts. Adams’s platinic oxide, 
platinum-black deposited on alumina or 
barium sulphate, and palladium-black ad- 
sorbed on barium sulphate were used. The 
metallic catalysts were prepared by reduction 
of the chloride with sodium formate, and 
stored in an evacuated desiccator over solid 
potassium hydroxide. 

Proceduve.—Before each determination, 
taps 6 and 7 were closed and vessels V and 
C disconnected. After removal of grease with 
toluene, the flasks were cleansed by washing 
with soap and hot water, rinsed in glass- 
distilled water, and dried at 110°. The glass 0 
bearing b,b, was cleaned and regreased after ee ae 7 4 0 0 2 
each determination. The catalyst was intro- ee leumesnen 
duced into the reaction vessel in a small open glass tube and followed by 2 c.c. of solvent in 
each flask. The tap T was next inserted, the tube containing the weighed substance lowered 
down the neck of the vessel by means of a hooked wire, and attached to the platinum hook by 
suitable manipulation of the tap. The reaction vessel and compensator were fitted in place, 
the levelling tube of the burette closed with a clip (taps 1, 2, and 9 closed; 3, 4, 5, and 6 open), 
and the apparatus slowly evacuated. Tap 8 was now closed, and hydrogen admitted until a 
slight excess pressure of 20—-30 mm. was registered on manometer m (10 mins.). This procedure 
was repeated three times. 

Taps 3 and 5 were.now closed, tap 7 opened, the clip removed from the burette, and the 
shaker set in motion. Immediate absorption of hydrogen commenced, as indicated by 
displacement of the levels of the n-butyl phthalate manometer when tap 6 was closed. The 
necessity for constant observation during this process was avoided by closing tap 7; the 
apparatus could then be left running, and the accumulated pressure differences at equilibrium 
balanced out in one operation. 

When no further absorption occurred, the shaker was stopped, and the apparatus left until 
the levels of the phthalate manometer remained constant when tap 6 was closed. The 
pressure was next lowered to atmospheric by opening taps 2, 3, and 6, after which these taps 
were closed, and readings taken of the burette level, barometric pressure, and temperature 
of the enclosure. The tube containing the substance was now released, shaking recommenced, 
and the burette readings taken after given intervals of time by levelling the phthalate manometer. 
When no further absorption occurred, shaking was stopped, and the apparatus allowed to stand 
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until a constant burette reading was again obtained. The volume of hydrogen absorbed was 
reduced to N.T.P., and the number of double bonds calculated accordingly. 

During the hydrogenation of a few substances, the hydrogen uptake at room temperature 
did not correspond to an integral number of double bonds. In these cases, closing tap 7 and 
surrounding the reaction flask with a small beaker containing hot water (90°) for a few minutes, 
followed by shaking to a cold equilibrium, increased the hydrogen uptake to a satisfactory value. 
Blank determinations on catalyst alone, and on substances which underwent hydrogenation to 
completion in the cold, have demonstrated that the equilibrium between catalyst and hydrogen 
is entirely unaffected by such treatment. 

Results.—The table summarises the results of determinations carried out on compounds of 
widely varying nature. Those substances which have been subjected to heat treatment are 
marked with an asterisk, whilst the figures in parentheses denote the corresponding “ cold ” 
value. The time of hydrogenation is not included, since it varies considerably with the weights 
of substance hydrogenated and of catalyst used; in the recorded determinations the time 
required varied from a few seconds up to one hour. Generally about 10 mg. of Adams’s platinic 
oxide or 50 mg. of surface catalyst were employed; no advantage is to be gained by reducing 
the amount of catalyst, for the time of hydrogenation is merely prolonged. Graphical 
representation of the rate of hydrogen uptake of different substances enables useful comparisons 
to be made. An example of this is given in Fig. 3, where comparative rates of hydrogenation of 
calciferol and ergosteryl acetate are shown. 

The applicability of the method to the hydrogenation of liquids of low vapour pressure is 
also illustrated in the table. In this respect it would appear that our mechanism for the 
introduction of the substance under examination possesses some advantage over those previously 
described, where a sealed capsule is used. 


Table of Results. 


Wt. 
hydro- H, absorbed No. double 
, genated, Sol- at N.T.P., c.c. bonds. 
Substance. Formula. . mg. vent.f Catalyst. Calc. Found. Theory. Found. Ref. 


Crotonic acid 4°445 A Pt/BaSO, 1°12 1°16 
0 0 6°374 :A Pt/BaSO, 1: 1-66 
Naphthalene 3°666 Pt/BaSO, 3° 3°21 
Cinnamic acid ... 4°720 Pt/BaSO, 2: 2°86 
Ergosteryl acetate C,,H,,O, 9°983 Pt/BaSO, 1: 1-09 
» ” » 9°742 PtoO, ‘ 1°05 
Lumisterylacetate C,,H,,O, 9-920 Pt/Al,O, , 
po se 9-580 Pt/BaSO, 
Calciferol 10°610 Pt/BaSO, 


Lumistadiene- 
triol diacetate C,.H,.O, 12°579 Pt/Al,O, 
PtO, 
Pt/Al,O, 
PtO 


7% 
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os 
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ws 
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Lumistatrienone C,H, 5°777 
Lupeol acetate ... C,,H,,O, 11-020 
8-Carotene C,,H 1°582 
- ob 6°791 
a-Carotene 1-470 
Astacene C 2-490 
Fucoxanthin 49H g9O 9-570 
ne a , 2°012 
Sulcatoxanthin ... CygH,,0, ‘f 1-382 
ss de - 2-009 
Methyl azafrin ... CygH4,.O, 4°694 
1-Keto-7-methoxy- { 3°110 
1:2:3:4:9:10- C,;H,,0, 1-370 
hexahydrophen- | 2-262 
anthrene 
n-Butyl phthalate C,,H,,O, 5045 D:A_ PtO, 


t See p. 897. 
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1 Heilbron, Spring, and Stewart, J., 1935, 1221. 2 Zechmeister, Cholnoky, and Vrabély, Ber., 
1928, 61, 566. ’ Kuhn and Moller, Joc. cit. * Smith, J. Biol. Chem., 1933, 102, 157. 5 Karrer 
and Loewe, Helv. Chim. Acta, 1934, 17, 745. 6 Karrer, Loewe, and Hiibner, ibid., 1935, 18, 96. 
? Heilbron and Phipers, /oc. cit. 8 Heilbron, Jackson, and Jones, /oc. cit. ® Kuhn, Winterstein, 
and Roth, Ber., 1931, 64, 333. 10 Robinson and Schlittler, J., 1935, 1285. 
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205. Structural Problems in the Indole Group. 5- and 17-Nitrotetra- 
hydrocarbazoles. 


By S. G. P. PLANT. 


WHEN Fischer’s indole synthesis is applied to meta-substituted phenylhydrazones, the 
removal of ammonia can take place in one, or both, of two alternative ways to give indoles 
in which it is impossible without further information to say whether the substituent is 
in the 4- or the 6-position. An outstanding example of this is found in the nitrotetra- 
hydrocarbazoles. A product, m. p. 151—152°, obtained by the action of dilute sulphuric 
acid on cyclohexanone-m-nitrophenylhydrazone has been stated by Borsche, Witte, and 
Bothe (Annalen, 1908, 359, 49) to be 7-nitrotetrahydrocarbazole (I), although no proof 
was advanced for the structure. In more recent times this statement has been provisionally 
accepted as the basis on which the constitutions have been assigned to a considerable 
number of derivatives of tetra- and hexa-hydrocarbazole. In particular, an apparently 
isomeric substance, m. p. 172°, obtained by Perkin and Plant (J., 1921, 119, 1825; 1923, 
123, 676) from various 9-acyltetrahydrocarbazoles by nitration and subsequent hydrolysis 
has been regarded as 5-nitrotetrahydrocarbazole. It has now been found, however, that 
the latter is, in reality, 7-nitrotetrahydrocarbazole, while the product from cyclohexanone- 
m-nitrophenylhydrazone is a mixture of the 5- and the 7-nitro-compound in the ratio of 
approximately 2: 1. 

There is no ambiguity regarding the position of the nitro-group in 8-chloro-5-nitro- 
tetrahydrocarbazole (II), since ring closure can take place in one direction only during 
its synthesis from cyclohexanone-2’-chloro-5’-nitrophenylhydrazone (Perkin and Plant, 
loc. cit.). When this compound was reduced under conditions described in the experimental 
section, the chlorine was removed and a mixture of authentic 5-aminotetrahydrocarbazole, 
m. p. 163°, and 5-aminohexahydrocarbazole (III), an oily base, resulted. The former 
was converted into a monoacetyl compound, and the latter into well-defined diacetyl and 
dibenzoyl derivatives. The nitrotetrahydrocarbazole (m. p. 172°) of Perkin and Plant, 
however, can be reduced to an aminotetrahydrocarbazole, m. p. 101°, and an aminohexa- 
hydrocarbazole, m. p. 111° (Edwards and Plant, J., 1923, 128, 2393; Gurney and Plant, 


Hy 
Hy 


2 


NH 
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J., 1927, 1314), which are different from the amino-compounds just mentioned. Its nitro- 
group cannot occupy the 6- or the 8-position because the compound is not identical with 
either of the substances obtained by removing ammonia from cyclohexanone-o- and -p- 
nitrophenylhydrazone respectively, and it must therefore be 7-nitrotetrahydrocarbazole. 

On the other hand, when the “ 7-nitrotetrahydrocarbazole ’’ obtained as described by 
Borsche, Witte, and Bothe from m-nitrophenylhydrazine was submitted to the prolonged 
action of tin and alcoholic hydrochloric acid, it gave an oil from which the diacetyl and 
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dibenzoyl derivatives of 5-aminohexahydrocarbazole mentioned above were readily 
obtained on acylation. A closer investigation, however, has revealed that this nitro- 
tetrahydrocarbazole is not a single substance. Although the crude product has a reasonably 
sharp melting point which is not greatly altered by recrystallisation from a variety of 
solvents, acetylation, either before or after crystallisation, gave a product from which 
7-nitro-9-acetyltetrahydrocarbazole was isolated in appreciable quantity. A pure specimen 
of the 5-nitro-compound has not been obtained, but the substance recovered by hydrolysis 
of the acetylated product after removal of as much of the 7-nitro-derivative as possible 
readily gave 5-aminotetrahydrocarbazole, identical with the authentic sample, on reduction 
for a limited period of time. 

Reactions similar to those which have now been examined might afford a route to the 
solution of several analogous structural problems in the indole series. The definite 
characterisation of 7-nitrotetrahydrocarbazole and of the product described by Borsche, 
Witte, and Bothe makes it possible, in addition to the compounds described in the present 
paper, accurately to designate the following substances (J., 1921, 119, 1825; 1923, 123, 
676, 2393; 1927, 1314; 1929, 1970), the m. p.’s of which are given in parentheses to 
facilitate reference : the 9-acetyl- (174°), 9-benzoyl- (140°), 9-carbethoxy- (116°), 9-phenyl- 
acetyl- (178°), 9-cinnamoyl- (177°), 9-o-toluoyl- (154°), 9-m-toluoyl- (148°), 9-p-toluoyl- 
(136°), 9-o-chlorobenzoyl- (195°), 9-m-chlorobenzoyl- (155°), and 9-p-chlorobenzoyl- 
(148°) derivatives of 7-nitrotetrahydrocarbazole (172°); 7-nitrohexahydrocarbazole (69°) 
and its 9-methyl- (52°), 9-ethyl- (143°), and 9-acetyl- (142°) derivatives; 7-amino- (101°) 
and 7-acetamido-tetrahydrocarbazole (195°); 7-aminohexahydrocarbazole (111°) and its 
diacetyl derivative (163°). All these compounds have hitherto been regarded as the 
corresponding 5-substituted derivatives, although the alternative possibility has been 
commented upon (J., 1921, 119, 1828; 1927, 1314). 

During earlier experiments which had for their object a solution of this structural 
problem 7-nitrotetrahydrocarbazole was converted into its 9-methyl derivative. On 
reduction, the latter gave 7-amino-9-methylhexahydrocarbazole, which was also prepared by 
the electrolytic reduction of the substance (m. p. 52°) obtained by Gurney and Plant 
(loc. cit.) by the nitration of 9-methylhexahydrocarbazole. 7-Benzamido-9-benzoylhexa- 
hydrocarbazole, from the benzoylation of the corresponding base, was found readily to give 
a monochloro-derivative, in which the new substituent undoubtedly occupies the 6-positicn. 


EXPERIMENTAL. 


Reduction of 8-Chloro-5-nitrotetrahydrocarbazole-—A mixture of this compound (12-3 g.), 
alcohol (250 c.c.), concentrated hydrochloric acid (250 c.c.), and granulated tin (125 g.) was 
refluxed for 15 hours, a further quantity (50 c.c.) of hydrochloric acid being added after 8 hours. 
After filtration, the solution was made alkaline with sodium hydroxide (200 g. in water), and 
the alcohol removed in steam. This procedure effected coagulation of the precipitate and 
facilitated the subsequent extraction of the product with ether. After the ethereal extract 
had been dried with potassium carbonate and the solvent removed, the residue was crystallised 
from benzene, from which 5-aminotetrahydrocarbazole (3-2 g.) separated in colourless prisms, 
m. p. 163° (Found : C, 77-5; H, 7-5. C,,H,,N, requires C, 77-4; H, 7-5%). 5-Acetamidotetra- 
hydrocarbazole, colourless prisms, m. p. 198°, from alcohol, resulted when this base (1-5 g.) was 
shaken in acetone with potassium hydroxide (1-5 g. in 50% aqueous solution) and acetyl chloride 
(2-5 c.c.), the product being precipitated with water (Found: N, 12-5. C,,H,,ON, requires 
N, 12-3%). The benzene filtrate from the above base was mixed with ether and the basic 
material present was extracted with very dilute hydrochloric acid. The product which was 
liberated when the extract was made alkaline with ammonia was taken up in ether and dried 


with potassium carbonate. When the oily residue obtained on evaporation was acetylated . 


with potassium hydroxide (6 g.) and acetyl chloride (10 c.c.) in acetone as above, 5-acetamido-9- 
acetylhexahydrocarbazole, colourless needles, m. p. 264°, from alcohol, resulted (Found: C, 
70-5; H, 7-5; N, 10-3. CygHggO,N, requires C, 70-6; H, 7-4; N, 103%). 5-Benzamido- 
9-benzoylhexahydrocarbazole, obtained similarly from the oily residue with benzoyl chloride, 
separated from alcohol in colourless needles, m. p. 245° (Found: N, 7:2. C,gH,,O,N, requires 
N, 7:°1%). The diacetyl compound of m. p. 264° was hydrolysed by boiling with concentrated 
hydrochloric acid for 14 hours. The base obtained from the resulting solution with ice-ammonia 
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remained as an oil, and was converted into the above dibenzoyl compound, m. p. 245° (mixed 
m. p.), on benzoylation. 

The 5-aminotetrahydrocarbazole mentioned above was reduced to 5-aminohexahydro- 
carbazole by refluxing with tin and alcoholic hydrochloric acid for 19 hours. The oily product, 
which was isolated as before and could not be made to crystallise, was acetylated, the diacetyl 
compound obtained, m. p. 264°, being identified by mixed m. p. with the authentic specimen. 

The Nitrotetrahydvocarbazole from m-Nitrophenylhydrazine.—After a solution of m-nitro- 
phenylhydrazine (10-2 g.) and cyclohexanone (12 c.c.) in alcohol had been boiled and diluted 
with water, the hydrazone obtained was boiled for a short time with a mixture of concentrated 
sulphuric acid (20 c.c.) and water (180c.c.). The solid product (10-4 g.) was refluxed for 2 hours 
with acetic anhydride (120 c.c.) containing 8 drops of concentrated sulphuric acid, and the 
mixture (11-5 g.) obtained by shaking with an excess of water was crystallised from alcohol 
(3 1.); 7-nitro-9-acetyltetrahydrocarbazole (3-6 g., identified by mixed m. p. with the substance 
obtained by the nitration of 9-acetyltetrahydrocarbazole as described by Perkin and Plant, 
loc. cit.) separated in a practically pure condition. It was obtained pure by recrystallisation 
from glacial acetic acid. A similar result was obtained when the nitrotetrahydrocarbazole 
was crystallised from methyl alcohol before acetylation. The alcoholic mother-liquors were 
concentrated to about 400 c.c. and then boiled for 4 hour with the addition of potassium 
hydroxide (12 g.). The solid obtained by dilution with dilute hydrochloric acid was submitted 
to reduction for 3} hours with tin and alcoholic hydrochloric acid as described for the 8-chloro- 
5-nitro-compound. When the product, isolated as before, was crystallised from benzene, 
5-aminotetrahydrocarbazole, m. p. 163° (identified by mixed m. p.), was obtained in good 
yield. 

When the crude mixture of nitrotetrahydrocarbazoles obtained from m-nitrophenylhydrazine 
as described above was similarly reduced during 16 hours without previous separation or 
purification, an oily product was obtained which, on acetylation and benzoylation as before, 
readily gave 5-acetamido-9-acetylhexahydrocarbazole (mixed m. p.) and the corresponding 
dibenzoyl compound (mixed m. p.) respectively. 

7-A mino-9-methylhexahydrocarbazole.—After a solution of 7-nitrotetrahydrocarbazole (1-5 g., 
prepared by the nitration of 9-acetyltetrahydrocarbazole) in acetone (25 c.c.) containing potass- 
ium hydroxide (1-5 g. in a little water) had been shaken with methyl sulphate (1-5 c.c.), the 
addition of water precipitated 7-nitro-9-methyltetrahydrocarbazole, which crystallised in yellow 
needles, m. p. 162°, from alcohol (Found: N, 12-6. C,,;H,,0O,N, requires N, 12-2%). This 
compound was reduced by refluxing with tin and alcoholic hydrochloric acid for 5 hours as 
described above. The resulting 7-amino-9-methylhexahydrocarbazole was extracted from its 
ethereal solution with dilute sulphuric acid, recovered by the addition of alkali, and crystallised 
from alcohol, colourless needles, m. p. 87—89°, being obtained (Found: C, 77-8; H, 9-0. 
C,;H,,N, requires C, 77-2; H, 8-9%). The same base (11-5 g.) was obtained when a solution 
of 7-nitro-9-methylhexahydrocarbazole (15 g., prepared by the nitration of 9-methylhexahydro- 
carbazole as described by Gurney and Plant, Joc. cit.) in sulphuric acid (250 c.c. of 50%) was 
reduced for 15 hours at room temperature in the cathode compartment of an electrolytic cell, 
lead electrodes and a current of 0-02 amp. per sq. cm. of cathode being used; it was isolated 
by diluting the solution with water, filtering, and adding ice-ammonia. 

An intense red solution resulted when this base was boiled with acetic anhydride for 15 
minutes. The product obtained by subsequently shaking with water was purified by boiling 
with charcoal in alcohol and recovered by the addition of water to the filtered solution. On 
crystallisation from methyl alcohol, 7-diacetylamino-9-methylhexahydrocarbazole separated in 
colourless plates, m. p. 106° (Found: C, 71-2, 71-5; H, 7-4, 7:3. Cj ,,H,,O,N, requires C, 71-3; 
H, 7:7%). After this diacetyl derivative had been hydrolysed by boiling its solution in con- 
centrated hydrochloric acid for 25 minutes, the original base, m. p. 87—89°, identified by mixed 
m. p., was isolated from the cold solution on the addition of ammonia. 

Derivatives of 7-Aminohexahydrocarbazole—The amino-compound was obtained from 
hexahydrocarbazole by nitration and reduction as described by Gurney and Plant (loc. cit.). 
7-Benzamido-9-benzoylhexahydrocarbazole, obtained from it by the action of benzoyl chloride 
and alkali in acetone as described above for the isomeric compound, separated from glacial 
acetic acid in very small, colourless prisms, m. p. 199° (Found: N, 6-8. C,gH,,O,N, requires 
N, 7-1%). A solution of this dibenzoyl derivative (2 g.) in glacial acetic acid (30 c.c.) was 
treated gradually with chlorine (0-71 g.) dissolved in carbon tetrachloride (1 c.c. of solution 
contained 0-115 g. of chlorine), and, after an hour, poured into water. The carbon tetrachloride 
mixture was extracted with ether, and the extract washed with aqueous sodium carbonate, 
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dried with potassium carbonate, and evaporated. After the residue had been crystallised 
from alcohol, the product was dried during 2 hours at 130°, and then recrystallised from benzene ; 
6-chlovo-7-benzamido-9-benzoylhexahydrocarbazole separated in colourless prisms, m. p. 182° 
(Found: Cl, 8-4. C,,H,,0,N,Cl requires Cl, 8-2%). 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, May 15th, 1936.) 





206. New Derivatives of p-Arsanilic Acid. Part VII. p-Arsono- 
azelanilic and p-Arsonosebacanilic Acids and Related Compounds. 


By GILBERT T. MorGAN and Eric WALTON. 


AZELAYL and sebacyl derivatives (I; m = 7 and 8 respectively, R = NH, NHMe, etc.) 
of p-arsanilic acid have been prepared in the general manner already outlined (Part VI, 


H,0,AsXN H-CO+[CH,],-COR NaHOsAs(_NH-CO*[CH,]y'CON HMe 
(I.) (II.) 


J., 1935, 290), and their sodium salts tested against experimental sleeping sickness under 
the direction of Professor Warrington Yorke, F.R.S., at the Liverpool School of Tropical 
Medicine, with results as follows : 


Sodium Salts. Azelayl Series. Sebacyl Series. 
M.L.D. M.C.D. C.R. 


eno ester (R = OEt) Some action 16 8 2 
Methyl ester (R = OMe) . - 16 Some action 
Carboxylic acid (R = OH) ” 32 Slight action 
Amide (R = NH,) ~» 6 Some action 
Methylamide (R = NHMe) Slight action 5 ps 
Dimethylamide (R = NMe,) Not prepared 5 Inactive 
Ethylamide (R = NHEt) : Inactive Not prepared 
Anilide (R = NHPh) Not prepared 8 Slight action 
pp’-Diarsonic acid Only free acid prepared 10 Inactive 


- M.L.D. = minimum lethal dose, M.C.D. = minimum curative dose (both in mg. per 20 g. of mouse), 
C.R. = curative ratio. 


It will be seen that, in general, there is a considerable rise in toxicity as compared with 
earlier series, but no corresponding increase in curative action. In view of the lower 
arsenic content, this enhanced toxicity is a noteworthy feature, which at least illustrates 
the empirical nature of the search for chemotherapeutic agents. 

The results communicated in the present paper represent the continuation of a research 
which had for its object the preparation of aromatic arsenicals having the general formula 
(I), where R is an amino- or substituted amino-group. 

The series has been ascended from the malonyl group (m = 1) to the derivatives of 
azelaic and sebacic acid (m = 7 and 8 respectively) described below. . 

Some 70 individual compounds have been prepared and tested in the form of sodium 
salts against sleeping sickness and syphilis. Of this total, 17 have exhibited considerable 
activity (curative ratios, 4 to 10), whereas only 19 have proved to be quite inactive. 

One of the most promising of the active substances, the compound (II), has been 
prepared on a considerable scale, and employed in systematic clinical trials. It has not 
only given very satisfactory results in trypanosomiasis but has also proved to be unex- 
pectedly potent in the earlier stages of syphilis. This new drug is now being employed 


under the name of Neocryl (Yorke, Murgatroyd, and others, Brit. Med. J., 1936, i, 1042). 


EXPERIMENTAL. 
Aszelayl Derivatives. 


Methyl Hydrogen Azelate and its Acid Chlovide.—Azelaic acid (75 g.), methyl alcoho! (40 c.c.), 
and sulphuric acid (5 c.c.), after 10 hours on the steam-bath, yielded, by distillation, methy] 





SS = oD —- 


wep <— = 


New Derivatives of p-Arsanilic Acid. Part VII. 903 


hydrogen azelate (20 g.), b. p. 190—195°/15 mm., m. p. 21—24°. With thionyl chloride, it 
gave a theoretical yield of its acid chloride, b. p. 150—155°/15 mm. (Found : Cl, 15:8. C,gH,,;0,Cl 
requires Cl, 16-1%). 

Ethyl hydrogen azelate and its acid chloride, b. p. 156—160°/20 mm., were prepared in the 
same way (Found for acid chloride: Cl, 14-5. C,,;H,,O;Cl requires Cl, 15-1%). 

Methyl p-Arsonoazelanilate (I; » = 7, R = OMe).—Sodium p-arsanilate (1 g.), N-sodium 
hydroxide (4 c.c.), and the acid chloride of methyl hydrogen azelate (1-5 c.c.) were shaken 
together. The solid obtained on acidification was extracted with benzene to remove azelaic 
acid and recrystallised from slightly acid solution, methyl p-arsonoazelanilate being obtained in 
hair-like needles, readily soluble in warm alcohol (yield, 5 g. from 60 g. of sodium p-arsanilate) 
(Found: As, 19-1. C,gH,,O,NAs requires As, 18-7%). The sodium salt crystallised in glisten- 
ing plates, py 7:5, readily soluble in warm water (Found: As, 16-9. C,gH,;0,NAsNa,H,O 
requires As, 17-0%). Ethyl p-arsonoazelanilate (1; » = 7, R = OEt), prepared in the same 
way, crystallised from water in minute leaflets, slightly soluble in hot alcohol (yield, 1 g. from 
20 g. of sodium /-arsanilate). It melted in contact with water at 100°, but otherwise has no 
melting point (Found: As, 18-65. C,,H,,O,NAs requires As, 18-1%). The sodium salt 
crystallised in plates, py 6-5 (Found: As, 17-1. C,,H,,0,NAsNa requires As, 17-:1%). 

p-Arsonoazelanilic acid (1; n = 7, R = OH), obtained by hydrolysis of the ester, crystallised 
from water in glistening leaflets, soluble in warm alcohol (Found: As, 19-5. C,;H,,O,NAs 
requires As, 194%). Its sodium salt, py 7-0, was prepared by precipitation with alcohol 
(Found: As, 18:0. C,;H,,O,NAsNa requires As, 18-3%). 

p-Oxyarsinoazelanilic Acid.—Reduction of p-arsonoazelanilic acid with sulphur dioxide in 
hydrochloric acid yielded the crude dichloroarsino-compound, which could not be purified. 
On hydrolysis, however, it gave the arsinic oxide, crystallising from water in plates (Found : 
As, 21-0. C,,;H,gO,NAs requires As, 21-2%). 

Azelanilamide-p-arsonic Acid (1; n= 1, R= NH,).—The methyl ester (I; R = OMe) 
(4 g.) and excess of concentrated aqueous ammonia were heated in a sealed tube at 100° for 
24 hours. The crude amide, obtained by acidification, was converted into its sodium salt, 
which crystallised from water in striated leaflets, py, 6-5 (1-8 g.) (Found: hydrolysable N, 3-3. 
C,;H,,0;N,AsNa,H,O requires hydrolysable N, 3:3%). Azelanilamide-p-arsonic acid, from 
its sodium salt, crystallised from water in branching needles, almost insoluble in alcohol (Found : 
hydrolysable N, 3-5. C,;H,,0,;N,As requires hydrolysable N, 3-6%). 

Azelanilomethylamide-p-arsonic Acid (I; m= 17, R= NHMe).—The methyl ester (I; 
R = OMe) (4 g.) and 33% aqueous methylamine (12 c.c.) were heated at 70° for 2} hours, and 
the gelatinous solid, obtained by acidification, was dried and ground with dilute hydrochloric 
acid to remove p-arsanilic acid. It was purified through its sodium salt, which crystallised 
from water in leaflets, py 6-5 (2-5 g.) (Found: hydrolysable N, 3-2. C,,H,O;N,AsNa requires 
hydrolysable N, 3-3%). 

Azelanilomethylamide-p-arsonic acid, from its sodium salt, is an amorphous solid, sparingly 
soluble in water and alcohol (‘ound : hydrolysable N, 3-5. C,sH,,0;N,As requires 3:5%). 

Azelaniloethylamide-p-arsonic Acid (1; » = 7, R = NHEt).—The methyl ester (3 g.) and 
65% aqueous ethylamine (7 c.c.) were heated at 80° for 6 hours. The crude ethylamide was 
purified through its sodium salt, which crystallised from water in leaflets, py 7-5 (1-3 g.) (Found : 
hydrolysable N, 2-8. C,;H,,0;N,AsNa,3H,O requires hydrolysable N, 2-9%). 

Azelaniloethylamide-p-arsonic acid crystallised from water in plates, slightly soluble in hot 
alcohol (Found : hydrolysable N, 3-2. C,,H,,O,;N,As requires hydrolysable N, 3-4%). 

Azelanilide-pp'-diarsonic Acid.—Sodium p-arsanilate (30 g.), azelayl dichloride (8 g.), and 
6N-sodium hydroxide (30 c.c.) were shaken together, and the solid, obtained by acidification, 
washed repeatedly with boiling water to remove azelaic and p-arsonoazelanilic acids. The 
diarsonic acid (0-4 g.) after purification through its sodium salt was an amorphous solid, in- 
soluble in alcohol (Found: As, 25-0. C,,H,,0,N,As, requires As 25-6%). 


Sebacyl Derivatives. 


Methyl Hydrogen Sebacate.—(a) Sebacic acid (100 g.), methyl alcohol (32 c.c.), and con- 
centrated sulphuric acid (2-5 c.c.) were heated for 12 hours on the steam-bath. An ethereal 
extract of the diluted product yielded, by fractional distillation, methyl sebacate (38 g.), b. p. 
175°/20 mm., methyl hydrogen sebacate (40 g.), b. p. 208°/20 mm., and some residual sebacic 
acid. 

(6) Methyl sebacate (100 g.) and methyl-alcoholic potassium hydroxide (25 g. in 100 c.c.) 
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were warmed together for 5 minutes. An ethereal extract of the acidified product yielded 
unchanged ester (33 g.), methyl hydrogen sebacate (34 g.), and residual sebacic acid. 

(c) Methyl sebacate (21-4 g.) and sebacic acid (18-5 g.), refluxed together at atmospheric 
pressure for 6—7 hours, yielded, by direct distillation, unchanged methyl] ester (8 g.), methyl 
hydrogen sebacate (15-7 g.), and residual sebacic acid. The acid chloride (b. p. 177°/23 mm.) 
of methyl hydrogen sebacate was obtained in yields of 60—70% by means of thionyl] chloride, 
but gave low analytical figures (Found: Cl, 11-8, 11-8. C,,H,,O,Cl requires Cl, 15-1%). 
Ethyl hydrogen sebacate (40 g.) was prepared from sebacic acid (100 g.) by method (a). Its 
acid chloride also gave low analytical figures (Found : Cl, 10-5. C,,H,,O,Cl requires Cl, 14°3%). 

Methyl p-Arsonosebacanilate (I; n = 8, R = OMe).—A solution of sodium -arsanilate 
(29 g.) and sodium carbonate (7-5 g.) in water (about 150 c.c.) was shaken mechanically with 
the acid chloride (24 g.) of methyl hydrogen sebacate for 2hours. The solid, obtained on acidific- 
ation, was extracted alternately with ether and small quantities of boiling water, and the residual 
methyl p-arsonosebacanilate (6 g.) crystallised from a large volume of water, giving parallelo- 
grammatic plates, slightly soluble in hot alcohol (Found: As, 17-9. C,,H,,0,NAs requires 
As, 18-1%). 

Its sodium salt crystallised from water in glistening leaflets, py 7-0, only sparingly soluble 
in cold water (Found: As, 17-3. C,,;H,,;O,NAsNa requires As, 17-15%). 

Ethyl p-arsonosebacanilate (I; n = 8, R = OEt), prepared in the same way and purified 
through its sodium salt, crystallised from water in slender prisms, soluble in alcohol (Found : 
As, 18-1. C,,H,,0,NAs requires As, 17-5%). Its sodium salt crystallised from water in rhombic 
plates, py 7-0 (Found: As, 16-4. C,,H,,O,NAsNa requires As, 16-6%). 

p-Arsonosebacanilic acid, obtained by hydrolysis, crystallised from water in needles, soluble 
in warm alcohol (Found: As, 18-4. C,gH,O,NAs requires As, 18-7%). Its sodium salt was 
prepared by evaporation of its solution, py 7-0 (Found: As, 16-7. C,,H,,O,NAsNa,H,O 
requires As, 17-0%). 

p-Dichloroarsinosebacanilic acid, obtained by the usual reduction method, melted at 130— 
135°, but gave low analytical figures for chlorine (Found: Cl, 13-4. C,,H,,O,;NCI,As requires 
Cl, 16-8%). p-Oxyarsinosebacanilic acid, obtained from the dichloride by hydrolysis, dried to 
a light fawn solid (Found: As, 19-8. C,,H,,0,NAs requires As, 20-4%). 

Sebacanilamide-p-arsonic acid (I; nm = 8, R = NH,), prepared and purified as described for 
the corresponding azelayl derivative (p. 903), crystallised from water in jagged needles, slightiy 
soluble in hot alcohol (Found: hydrolysable N, 3-5. C,,H,,;0;N,As requires hydrolysable 
N, 3-5%). Its sodium salt crystallised from water in leaflets, p_ 7-0, which effloresced on drying 
at 100° (Found: hydrolysable N, 3-2. C,,H,,O;N,AsNa,H,O requires hydrolysable N, 3-2%). 

Sebacanilomethylamide-p-arsonic Acid (I; m= 8, R= NHMe).—The methyl ester (I; 
n = 8, R = OMe) (9 g.) and 33% aqueous methylamine (25 c.c.) were heated in a sealed tube 
at 100° for 5 hours. To dissolve the ester, the tube had to be shaken vigorously at intervals. 
The acid was worked up in the usual manner and purified through its sodium salt 
(yield, 1 g.), which crystallised from water in leaflets, py, 7-5 (Found: hydrolysable N, 3-0. 
C,,H,,0;N,AsNa,H,O requires hydrolysable N, 3-1%). 

Sebacanilomethylamide-p-arsonic acid crystallised from water in minute needles, sparingly 
soluble in water, but easily soluble in alcohol (Found: hydrolysable N, 3-25. C,,H,,O;N,As 
requires hydrolysable N, 3-4%). 

Sebacanilodimethylamide-p-arsonic Acid (I; m= 8, R = NMe,).—The methyl ester (I; 
R = OMe) (12 g.) and 65% aqueous dimethylamine (40 c.c.) were heated under seal at 80° for 
6 hours. The crystalline solid that separated on cooling was collected and washed with 65% 
dimethylamine, and its aqueous solution acidified. The resulting free acid was converted 
into its sodium salt, which crystallised from water in well-defined rectangular prisms, py 6°5 
(6 g.) (Found: hydrolysable N, 3-1. C,,H,,0,;N,AsNa requires hydrolysable N, 3-1%). 

Sebacanilodimethylamide-p-arsonic acid, obtained from its sodium salt, crystallised in 
feathery needles, soluble in warm alcohol (Found: hydrolysable N, 3-25. C,sH O;N,As 
requires hydrolysable N, 3-3%). 

Attempts to prepare sebacanilide-p-arsonic acid (I; m = 8, R = NHPh) by condensing 
p-arsonosebacanilic acid (g.v.) or its methyl ester with aniline were unsuccessful. It was, 
however, eventually obtained as follows : 

MeO:CO-[CH,],°>COC1 —> MeO*CO-[CH,],°CO*’NHPh —> 
Cl*CO*[CH,],*>CO"-NHPh —-> H,O,As’C,H,*NH°CO-[CH,],°CO*"NHPh 
Methyl Sebacanilate.—The acid chloride of methyl hydrogen sebacate (1 mol.) and aniline 
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(2 mols.) were stirred together with warming. The mass was washed out with hydrochloric 
acid, and the methyi sebacanilate (yield, 80%) crystallised from petroleum (b. p. 60—80°), giving 
needles, m. p. 67—68° (Found : C, 70-1; H, 8:7; N, 4:6. C,,H,,0,N requires C, 70-1; H, 8-6; 
N, 48%). 

Sebacanilic acid (yield, 90%) was obtained by careful hydrolysis of the methyl ester. It 

crystallised from water in leaflets, m. p. 121—122° (Found: C, 69-9; H, 8:7; N, 4:6. C,,H,,;0,N 
requires C, 69-3; H, 8-3; N, 50%). It reacted readily with thionyl chloride in chloroform to 
give its acid chloride, which, after removal of solvent, etc., appeared as a residual yellow 
syrup. 
Sebacanilide-p-arsonic Acid.—p-Arsanilic acid (12 g.) and the crude acid chloride of sebac- 
anilic acid (7 g.) were stirred together at 150°, the hard mass was washed out with excess of hot 
dilute hydrochloric acid, and the solid dissolved in dilute aqueous sodium hydroxide to a solu- 
tion of pq 8-5—9-0 (75 c.c.). Charcoal and alcohol (150 c.c.) were added, and the solution 
filtered while hot, to remove brown impurities. On cooling, the sodium salt (1 g.) separated 
in needles, py 8-0 (Found: As, 15-0. C,,H,,0,N,AsNa requires As, 15-0%). 

Sebacanilide-p-arsonic acid was obtained from its sodium salt as a white gelatinous solid, 
almost insoluble in water. On boiling with water, however, it was converted into minute 
needles, soluble in hot alcohol (Found: As, 15-2. C,,H,,O;N,As requires As, 15-7%). 

Sebacanilide-pp’-diarsonic acid.—Sodium p-arsanilate (30 g.), sebacyl dichloride (12 g.), 
and sodium carbonate (5-3 g.) in water (200 c.c.) were shaken together mechanically for 1 hour, 
and the mixture acidified. After the resulting solid had been washed several times with boiling 
water, the diarsonic acid was obtained as an amorphous solid, insoluble in alcohol (Found : 
As, 23-6. C,,H,,0,N,As, requires As, 25-0%). The amorphous trisodium salt, pq 9-5, was 
obtained by evaporation (Found: As, 20-6. C,,H,,O,N,As,Na;,3H,O requires As, 20-7%). 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. (Received, May 23rd, 1936.] 





207. Studies in the Sterol Group. Part XXIV. The Constitution 
of Calciferol.* 


By I. M. HerLpron, R. N. JonEs, K. M. SAMANT, and F. S. SPRING. 


THE experiments recorded in this communication were commenced in 1934 with a view 
to the elucidation of the nature of the photochemical changes effected during the irradiation 
of ergosterol and particularly with the object of investigating the constitution of calciferol. 

That calciferol, in contradistinction to ergosterol, contains four ethylenic linkages 
appeared probable to us from a quantitative study of the action of perbenzoic acid upon 
the vitamin. Values of 3-6—3-7 atoms of oxygen absorbed per mol. of calciferol were 
observed in agreement with the microcatalytic hydrogenation result of Kuhn and Méller 
(Angew. Chem., 1934, 47, 145; cf., however, Windaus, Linsert, Liittringhaus, and 
Weidlich, Annalen, 1932, 492, 226; Angus, Askew, et aita, Proc. Roy. Soc., 1931, B, 108, 
340). Since there is no doubt that calciferol is isomeric with ergosterol (Windaus, Werder, 
and Gschaider, Ber., 1932, 65, 1006), this result led us to the conclusion that the former 
must be tricyclic, a fact abundantly confirmed by subsequent experience (Miiller, Z. 
physiol. Chem., 1935, 283, 222; Windaus and Thiele, Annalen, 1935, 521, 160; Reichel 
and Deppe, Z. physiol. Chem., 1936, 239, 143). 

Oxidation of calciferol with either chromic anhydride or potassium permanganate 
yields an oily aldehyde characterised by its semicarbazone, m. p. 242°, numerous analyses 
of which established the formula C,,H,,0 for the aldehyde. Spectroscopic examination 
of the semicarbazone, m. p. 242°, the absorption curve of which is reproduced together 
with that of citral semicarbazone in the accompanying diagram, shows that the parent 


* Preliminary notes on the results of this investigation have been published (Heilbron, Samant, 
and Spring, Nature, 1935, 185, 1072; Heilbron and Spring, J. Soc. Chem. Ind., 1935, 54, 795). We use 
the designation caiciferol for the antirachitic vitamin obtained from ergosterol in preference to 

‘ vitamin D,’’ since the latter term clearly includes a number of homologues and to avoid ambiguity 
needs a by such terms as “‘ from ergosterol.” 
M 
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aldehyde is «$-unsaturated (compare Menschick, Page, and Bossert, Annalen, 1932, 495, 
225).* 

The partial formulation of calciferol previously derived by us (Heilbron and Spring, 

loc. cit.) must therefore be expanded to (I), in which a third ethylenic linkage is situated 
between C,—Cg, the aldehyde C,,H,,0 
46 being represented by (II). 

Windaus and Thiele (loc. cit.) have 
confirmed this partial structure by an 
independent method and furthermore 
they have adduced evidence that the 
Ah unlocated ethylenic linkage is situated 
between Cy, 9—C,g (III). This decision 
depends upon an assumption that, during 
43 ' the drastic pyrogenic reaction employed, 
no rearrangement has occurred. 

The presence of this exocyclic methyl- 
42 ene group has now been confirmed by 
the ozone degradation of calciferol, 
whereby formaldehyde was obtained and 
4 characterised as its dimedon derivative. 
--- yee ns) ns From the acid fraction of the decom- 

eee os sed ozonide, a keto-acid, C,3H9)0s, 

* aldehyde Cay Nog 0. Bie isolated and characterised by its 
| semicarbazone, m. p. 219°. This can only 

39 be represented by (IV) and must be 
_ "Tete a derived by fission of the calciferol mole- 
cule at the Cyg—Cgg (cf. Guiteras, Annalen, 


CHMe-CH:CH-CHMe-CHMe, C,H, 
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1932, 494, 117) and the C,—C, ethylenic linkages. Its isolation provides independent 
and convincing proof that calciferol is correctly formulated by (III). 


CHMe’CH:CH-CHMe-CHMe, CHMe-CO,H 


a (IV.) 


EXPERIMENTAL. 


Oxidation of Calciferol with Chromic Anhydride.—A solution of calciferol (5 g.) in glacial 
acetic acid (125 c.c.) was treated with chromic anhydride (2-5 g.) in water (2-5 c.c.), added 
during 1 hour with mechanical stirring, and the whole was maintained at room temperature for 
a further period of 3 hours. The reaction mixture was largely diluted with water and extracted . 
with ether, and the product separated into neutral and acid fractions. The former was a thick 
brown oil (4°8 g.) easily soluble in the common organic solvents with the exception of methy] 
alcohol. It had a penetrating agreeable odour and exhibited pronounced aldehydic properties 

* We note that the semicarbazone, m. p. 242°, has also been spectroscopically examined in the 
Géttingen laboratories with the same results (Uber Sterine, Gallensduren, u.s.w., p. 303, Lettré 
and Inhoffen, Stuttgart, 1936). 
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as evidenced by the facile reduction of ammoniacal silver oxide and Fehling’s solutions and by 
its positive reaction with Schiff’s reagent. 

Semicarbazone of the Aldehyde C,,H,,0.—An alcoholic solution of the neutral oil was treated 
with excess of an alcoholic solution of semicarbazide acetate. After 2 days the deposited solid 
was collected and purified by crystallisation. from alcohol. The melting point was soon raised 
to 235° (four recrystallisations), but the pure semicarbazone, m. p. 242°, was only obtained by 
fourteen subsequent recrystallisations (Found: C, 73-5, 73-5, 73-6; H, 10-5, 10-5, 10-3; N, 
11-55, 11-8; M, 389,388. C,,H,,ON, requires C, 73-45; H, 10-4; N, 11:7%; M, 359. 
C.gH,;ON, requires C, 73-9; H, 9-8; N, 11-83%; M, 357. C,,H,,ON, requires C, 72:9; H, 
10-2; N, 12-2%; M, 345. C,,H,,ON, requires C, 73-4; H, 9-7; N, 12:-2%; M, 343). When 
the oxidation was effected at 40° and 70° the same semicarbazone was obtained but in diminished 
yield. 
Oxidation of Calciferol with Potassium Permanganate.—Calciferol (2 g.) in benzene (25.c.c.) 
was added to a solution of potassium permanganate (2 g.) in water (100 c.c.) and sulphuric 
acid (1-1 c.c.) and shaken at room temperature for 7 hours. The mixture was clarified with 
sulphur dioxide and extracted with ether. The neutral portion (1-4g.), isolated in the usual 
manner, formed a pale yellow oil with aldehydic properties, the semicarbazone of which after 
repeated crystallisation from methyl alcohol had m. p. 235°, not depressed on admixture with 
the semicarbazone of the chromic anhydride oxidation product (Found: C, 73-3; H, 10:3; 
N, 11-75. C,,H,,ON, requires C, 73-45; H, 10-4; N, 11-7%). 

Ozonolysis of Calciferol—A solution of calciferol (5 g.) in carefully purified chloroform 
(50 c.c.) was treated with a slow stream of ozone (6%) and oxygen at 0° fors6 hours, the issuing 
gases being washed with ice-cold water. The subsequent procedure for the estimation of the 
formaldehyde produced was as described by Clemo and Macdonald (J., 1935, 1294), the weight 
of dimedon derivative being 263 mg. (7-2%), m. p. 186—187°, showing no depression on admixture 
with an authentic specimen (Found : C, 69-7; H, 7-5. Calc. for C,,;H,,O,: C, 69-8; H, 83%). 

A comparative ozonolysis of lumisterol under identical conditions gave no weighable quantity 
of formaldehyde dimedon derivative. 

Semicarbazone of the Keto-acid C,;H,,O,.—After distillation in steam of the decomposed 
ozonide from 10 g. of calciferol, the non-volatile residue was isolated by means of ether and 
separated into acid and neutral fractions by extraction with sodium carbonate solution. The 
neutral fraction (1-1 g.) was a pale yellow oil, from which no crystalline semicarbazone could 
be obtained. The acid fraction, a brown oil (2-8 g.), was treated with excess of semicarbazide 
acetate in alcohol and kept at room temperature for 2 days. The solution (30 c.c.) was diluted 
with water (70 c.c.), giving a brown precipitate which could not be purified. Further dilution 
of the filtrate with water (400 c.c.) and long standing gave a colourless solid, which after two 
crystallisations from methyl alcohol separated in plates, of the constant m. p. 219°. The 
semicarbazone is sparingly soluble in methyl alcohol, chloroform, and ethyl acetate (Found : 
C, 59-8; H, 8-4; N, 14:8. C,,H,,0,N, requires C, 59-8; H, 8-2; N, 14:9%). 


Our thanks are due to Messrs. Joseph Nathan and Co., Ltd., for the gift of calciferol, and to 
Mr. W. F. Boston, who carried out the micro-analyses. 


THE UNIVERSITY, MANCHESTER. [Received, May 25th, 1936.} 





208. Siudies in the Sterol Group. Part XXV. An Investigation of 
Some Reactions of the Isomeric Ethers of Cholesterol. 


By J. H. Beynon, I. M. HEILBRON, and F. S. SPRING. 


THE facile interaction of cholesteryl #-toluenesulphonate with alcohols, whereby isomeric 
cholesteryl ethers are formed (Stoll, Z. physiol. Chem., 1932, 207, 147), suggested this 
ester as a suitable subject for investigation in the search for a method for the preparation 
of the epimeride of cholesterol. 

Stoll showed that when cholesteryl -toluenesulphonate was refluxed with methyl 
alcohol a cholesteryl methyl ether, m. p. 84°, was obtained identical with that previously 
prepared by heating cholesteryl chloride, magnesium, and methy] alcohol in a sealed tube 
(Diels and Blumberg, Ber., 1911, 44, 2847). On the other hand, when the reaction was 
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carried out in the presence of potassium acetate, an isomeric methyl ether, m. p. 79°, 
was produced. 

Although the relationship of these two ethers has not been defined, it appeared probable 
to us when this investigation was initiated that the levorotatory isomer, m. p. 84°, was 
the methyl ether of “ trans ’’-cholesterol, and that the dextrorotatory isomer, m. p. 79°, 
was that of “ cis ’’-cholesterol (epicholesterol).* 

A study was therefore made of the hydrolysis of cholesteryl p-toluenesulphonate in 
the hope that under controlled conditions “ cts ’’-cholesterol (cf. Marker, Oakwood, and 
Crooks, J. Amer. Chem. Soc., 1936, 58, 481) would be made available, but unfortunately 
this has not proved to be the case. Whereas treatment of the ester with either aqueous 
potassium hydroxide or aqueous potassium acetate produced a mixture of dicholestery] 
ether and cholesterol, potassium acetate in acetic acid solution gave “‘ ¢vans ’’-cholestery] 
acetate. Moist silver oxide suspended in water, or dilute sulphuric acid gave dicholesteryl 
ether, and alcoholic sulphuric acid yielded ‘‘ ¢vans ’”’-cholesteryl ethyl ether. 

Attention was next directed to the possibility of demethylating “‘ cis ’’-cholesteryl 
methyl ether. To our great surprise, we observed that treatment of this ether with 
halogen acids in acetic acid at room temperature effects the replacement of the methoxyl 
group by the corresponding halogen atom. In the same way it was observed that “‘ cis ”’- 
cholesteryl ethyl ether, m. p. 47°, and “ cis ’’-cholesteryl benzyl ether, b. p. 170°/0-001 mm., 
prepared by us using the method of Stoll (loc. cit.), both react similarly with hydrogen 
halides. In this way, by employing hydrogen iodide, the hitherto unknown cholesteryl 
iodide, m. p. 107°, has now been prepared (cf. Kolm, Monatsh., 1912, 38, 447). No re- 
action of the “‘ trans ’’-cholesteryl methyl, ethyl, and benzyl ethers with halogen acids is 
observed under these conditions. 

‘The same facile replacement of the alkoxy-groups in these “‘ cis ’’-cholesteryl ethers 
was observed on treatment with bromine at room temperature. In each case 3:5: 6- 
tribromocholestane (Kolm, Joc. cit.) was produced, a behaviour contrasting sharply with 
that of the “ érans ’’-ethers, which reacted normally with bromine to give the corresponding 
5 : 6-dibromides, from which on debromination with sodium iodide according to the method 
of Schénheimer (J. Biol. Chem., 1935, 110, 461) the original unsaturated ethers were 
regenerated. 

The ease of replacement of the alkoxy-groups in the “ cis ’’-ethers necessitates con- 
sideration of the possibility that during their formation the A®-ethylenic linkage of chole- 
sterol has migrated to the A*-position (cf. Stoll, loc. cit.). We consider this unlikely, 
however, since the “ cis ’’-ethers fail to give a positive colour reaction with the antimony 
trichloride reagent in contrast to the authentic A*-compounds, allocholesterol, allocholestery] 
methyl ether (unpublished work), and %-cholestene, each of which gives an immediate 
deep pink coloration. The investigation is proceeding. 


EXPERIMENTAL. 


Reactions of Cholesieryl p-loluenesulphonate.—(a) Aqueous potassium acetate. The ester 
(2 g.) was refluxed for 4 hours with aqueous potassium acetate (5%; 100 c.c.), and the solid 
product filtered off and triturated with hot acetone. The residue was crystallised from ether, 
dicholestery] ether (1 g.) separating in long felted needles, m. p. 197—198°, [«]}?” — 38-4° ¢ (i = 1; 
c¢ = 3-28). Mauthner and Suida (Monatsh., 1896, 17, 38) record m. p. 194—195° for this com- 
pound (Found: C, 86-1; H, 12-0. Calc. for C,,H,O: C, 85-9; H, 120%). Concentration 
of the acetone extract yielded a solid, repeated crystallisation of which from methyl alcohol 


. * The nomenclature developed by Ruzicka and Wettstein (Helv. Chim. Acta, 1935, 18, 986) being 
adopted, ‘‘ tvans’’’-cholesterol is normal A‘-cholesterol, the hydroxyl group of which has the same 
configuration relative to ring A as that in cholestanol, which is /rans-oriented relative to the C, hydrogen 
atom. The terms “ cis’’ and “‘ tvans’”’ will be used throughout this communication in order to differ- 
entiate the isomeric pairs of cholesteryl ethers with the reservation that the assumed configurations still 
require confirmation. 

¢ All rotations recorded were measured in chloroform solution; the analyses were carried out by 
Mr. W. F. Boston. 
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gave cholesterol in plates, [«]?”” — 39-0° (1 = 1; c = 3-8), m. p. 148°, showing no depression 
on admixture with an authentic specimen. 

(b) Potassium acetate in acetic acid. A solution of cholesteryl p-toluenesulphonate (2 g.) 
in glacial acetic acid (50 c.c.) was refluxed for 3 hours with potassium acetate (2 g.). After 
dilution with water, the separated solid was collected and crystallised from ethyl acetate, 
giving cholesteryl acetate (1-1 g.) in needles, [a]? — 29-6° (i = 1; c= 3-76), m. p. 115°, unchanged 
by admixture with an authentic specimen. 

(c) Aqueous potassium hydroxide. Cholesteryl p-toluenesulphonate (2 g.) was refluxed for 
4 hours with potassium hydroxide solution (10%; 100c.c.). Subsequent procedure as described 
under (a) gave dicholesteryl ether (1-1 g.), m. p. 197—198° (Found: C, 85-9; H, 11:8%), and 
cholesterol, m. p. 148°. 

(d) Silver oxide. A suspension of cholesteryl p-toluenesulphonate (2 g.) and silver oxide 
(4 g.) in water (10 c.c.) was heated for 3 hours at 150° in a sealed tube. Extraction with ether, 
followed by removal of the solvent from the dried extract, gave dicholesteryl ether, m. p. 
197—198°. 

(e) Aqueous sulphuric acid. Cholesteryl p-toluenesulphonate (1 g.) in suspension in 4N- 
sulphuric acid (20 c.c.) was heated for 3 hours at 130° in a sealed tube. Crystallisation of the 
product from ether gave dicholesteryl ether (0-6 g.) in needles, m. p. 197—198°. 

(f) Alcoholic sulphuric acid. A solution of the ester (1 g.) in alcohol (15 c.c.) and 4N-sulphuric 
acid (15 c.c.) was refluxed for 6 hours and then diluted with water. The precipitated solid was 
collected and crystallised from acetone, giving ‘ trans ’’-cholesteryl ethyl ether (0-6 g.) in 
needles, m. p. 88-5°, not depressed on admixture with the ether described beldéw. 

(g) Sulphuric acid in acetic acid. The ester (0-5 g.) was refluxed for 5 hours with glacial 
acetic acid (15 c.c.) and 5% sulphuric acid (5 c.c.) and then diluted with water. The solid 
was collected and crystallised from acetone, giving dicholesteryl ether (0-1 g.), m. p. 197—198°. 

Concentration of the mother-liquors and crystallisation of the solid separating on cooling 
gave cholesterol in plates (from methyl alcohol), m. p. 147—148°. 

‘* trans ’’-Cholesteryl ethyl ether prepared by the method of Stoll (/oc. cit.) separated from 
alcohol in leaflets, m. p. 88-5°, [a]#!" — 39-0° (7 = 1; c = 4-2). Miiller and Page (J. Biol. Chem., 
1933, 101, 127) give m. p. 88-5° and [a]? — 39-4° for this ether (Found: C, 83-95; H, 12:1. 
Calc. for CygH,O: C, 84-0; H, 122%). 

“ cis ’’-Cholesteryl Ethyl Ether.—Cholesteryl p-toluenesulphonate (11 g.) was added to a 
solution of potassium acetate (12 g.) in absolute alcohol (500 c.c.) and refluxed for 6 hours. 
After concentration and cooling to — 10° a crystalline mass separated, which on repeated 
crystallisation from acetone yielded “‘ cis ’’-cholesteryl ethyl ether (5 g.) in laminz, m. p. 47°, 
[x}20" + 49-78° (J = 1; c¢ = 1-607) (Found: C, 84-2; H, 12-2. C,).H,,O requires C, 84:0; H, 
12-2%). 

“* ans ’’-Cholesteryl benzyl ether prepared by the method of Stoll (loc. cit.) separated from 
acetone in needles, m. p. 118-5°, [a]? — 25-8° (1 = 1; c= 3-76). Steinkopf and Bliimner 
(J. pr. Chem., 1911, 84, 460) give m. p. 118-5°, [a]p — 26-0° (Found: C, 85-3; H, 10-6. Calc. 
for C,,H;,0: C, 85-6; H, 110%). 

“cis ’’-Cholesteryl Benzyl Ethey.—A solution of cholesteryl -toluenesulphonate (15 g.) 
and potassium acetate (15 g.) in benzyl alcohol (500 c.c.) was heated for 6 hours on the steam- 
bath. The solid which separated on cooling was crystallised from acetone, giving “‘ trans ’’- 
cholesteryl benzyl ether (2 g.), m. p. 118°. 

The benzyl alcohol mother-liquor was distilled in steam, and the residue extracted with 
ether. After removal of solvent from the dried extract the residue was distilled, giving “‘ cis ’’- 
cholesteryl benzyl ether (5 g.) as an oil, b. p. 170°/0-001 mm.., [a]? + 15-77° (2 = 1; c = 17-94) 
(Found: C, 84:8; H, 11-0. C,,H,,O requires C, 85-6; H, 11-0%). 

The Action of Hydrogen Halides on ‘‘ cis "’-Cholesteryl Methyl Ether.—(a) Hydrogen chloride. 
A solution of “ cis ’’-cholesteryl methyl ether (2 g.) in glacial acetic acid (400 c.c.) and con- 
centrated hydrochloric acid (20 c.c.) was kept over-night at room temperature. The reaction 
mixture was diluted with water, and the precipitated solid crystallised from acetone, giving 
cholesteryl chloride (2 g.) in prisms, [«]?”” — 27-4° (1 = 1; c = 4-41), m. p. 95°, unchanged by 
admixture with an authentic specimen prepared by the method of Mauthner and Suida (Monatsh., 
1894, 15, 85). 

(b) Hydrogen bromide. ‘‘ cis ’’-Cholesteryl methyl ether (2 g.), on treatment with hydrogen 
bromide (d 1-4; 20 c.c.) in glacial acetic acid under the conditions described under (a), gave 
cholesteryl bromide (2-2 g.) in laminz (from acetone), [a]? — 20-8° (/ = 1; c¢ = 8-85), m. p. 
98°, unchanged by admixture with cholesteryl bromide, m. p. 98°, prepared by the method of 
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KXolm (loc. cit.) (Found: C, 72-2; H, 10-0; Br, 17-8. Calc. for C,,H,,Br: C, 72-1; H, 10-1; 
Br, 17-8%). 

(c) Hydrogen iodide. Treatment of “ cis ’’-cholesteryl methyl ether with hydrogen iodide 
(d 1-7; 20 c.c.) as described above gave cholesteryl iodide, which separated from ethyl acetate 
in needles, m. p. 106-5—107°, [a]? — 11-94° (1 = 1; c = 3-6) (Found: C, 65-3; H, 91; 
I, 25-0. C,,H,,I requires C, 65-3; H, 9-1; I, 25-6%). 

The Action of Bromine on “ cis ’’-Cholesteryl Methyl Ether.—A solution of dry bromine in 
glacial acetic acid (9-6%; 50 c.c., 1-2 mols.) was added to “ cis ’’-cholesteryl methyl ether 
(10 g., 1 mol.) in ether (100 c.c.) and kept over-night. The solid (8 g.) precipitated with alcohol 
(100 c.c.) was crystallised twice from ether—alcohol, 3 : 5 : 6-tribromocholestane being obtained 
in colourless prisms, [«]}?” — 49-3° (¢ = 1; c = 4-966), m. p. 112—113°, unchanged by admixture 
with tribromocholestane, m. p. 112—113°, prepared by the method of Kolm (loc. cit.) (Found : 
C, 53-2; H, 7-5; Br, 39-5. Calc. for C,,H,,Br,: C, 53-2; H, 7-4; Br, 39-4%). Tribromo- 
cholestane is obtained quantitatively when “ cis ’’-cholesteryl methyl, ethyl, or benzyl ether 
is treated with excess of bromine. 

‘ trans ’’-Cholesteryl Methyl Ether Dibromide.—A solution of bromine in glacial acetic acid 
(8%; 50 c.c., 2 mols.) was added to “‘ tvans ’’-cholesteryl methyl ether (5 g., 1 mol.) in ether 
(50 c.c.). The solid (6 g.) separating over-night was crystallised twice from ether—alcohol, 
yielding ‘‘ trans ’’-cholesteryl methyl ether dibromide in plates, m. p. 107°, [a]??” — 52-95° (J = 1; 
c = 3-607) (Found: C, 60-0; H, 8-7; Br, 29-0. C,,H,,OBr, requires C, 60-0; H, 8-6; Br, 28-6%). 

“trans ’’-Cholesteryl ethyl ether dibromide, obtained from “ trans ’’-cholesteryl ethyl ether 
by the same procedure, crystallised from ether—alcohol in hexagonal plates, m. p. 80°, [«]}” 
— 50-75° (l/= 1; c= 4-9) (Found: C, 60-8; H, 89; Br, 28-05. C,H,OBr, requires 
C, 60-6; H, 8-8; Br, 27-9%). 

“trans ’’-Cholesteryl benzyl ether dibromide, similarly obtained from “‘trans’’-cholesteryl benzyl 
ether, separated from ether—alcohol in silky needles, m. p. 107°, [a]? — 50-2° (J = 1; c = 4-76) 
(Found : C, 64-4; H, 8-0; Br, 25-15. C,,H,,OBr, requires C, 64-1; H, 8-2; Br, 25-1%). 

The Action of Sodium Iodide on Tribromocholestane.—A solution of tribromocholestane 
(3 g.) in dry benzene (50 c.c.) was refluxed for 6 hours with sodium iodide (6 g.) in absolute 
alcohol (30 c.c.). After washing with aqueous sodium sulphite and water and drying, the 
solvent was removed, and the residue crystallised from acetone, giving cholesteryl bromide in 
laminz, [a]}?” — 21-4° (1 = 1; c = 3-2), m. p. 98°, unchanged by admixture with that obtained 
by the action of hydrogen bromide on the “‘ cis ’’-cholestery] ethers. 


We desire to express our thanks to the Department of Scientific and Industrial Research 
for a Senior Research Award to one of us (J. H. B.), and to Imperial Chemical Industries, Ltd., 
for a grant. 
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209. The Dipole Moments of Benzoquinone, Beryllium Acetylacetonate, 
Basic Beryllium Acetate, and o-Nitrophenol. 


By H. O. JENKINS. 


THE object of this paper is to show that the apparent dipole moments of beryllium acetyl- 
acetonate and basic beryllium acetate in solution can be calculated from that of benzo- 
quinone. All three compounds are probably non-polar in the free state (the molecular 
beam method gives a zero electric moment for quinone) but show considerable orientation 
polarisations in solution. With the aid of a simple theory, the author (this vol., p. 862) 
has been able to predict that certain symmetrical compounds would show dipole moments in 
solution, to link the values for similar compounds quantitatively, and also to explain the 
temperature-invariance of the polarisation. The fundamental assumption of the theory 
is that each group moment is independent, and that the magnitude of the same group 
moment in different molecules fluctuates about a most probable value (u,) according to the 
Gaussian distribution formula 
P(p) = Cette — WIT 
the direction remaining constant. 
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The following formula, deduced in the previous paper for a 1 : 4-benzene derivative, is 


equally valid for p-benzoquinone : 
et. dt. ee ee ee eee eee ee es 


Now beryllium acetylacetonate has a molecule consisting of mutually perpendicular six- 
membered rings arranged about a central beryllium atom, and each ring contains two 
carbon—oxygen links which probably resonate between single- and double-bonded character. 
Since the C—O group moments are relatively far apart, independent solvent fluctuations 
will occur. Furthermore, the C—O links in different rings are opposed but in line with 
one another, and thus a similar calculation to that performed for p-dinitrobenzene in the 
previous paper clearly gives the square of the effective moment as 


or eee ee eg Rs Mee eee 


The molecule also contains beryllium—oxygen links of unknown magnitude but these are 
probably too close together to fluctuate independently. 

Now let us consider the molecule of basic beryllium acetate. Its structure has been 
shown by Pauling and Sherman (Proc. Nat. Acad. Sci., 1934, 20, 340) to consist of four 
BeO, tetrahedra with one common corner, the remaining corners being occupied by oxygen 
atoms of the acetate groups. Moreover, the angle between the oxygen atoms of the carboxyl 
group is 124° + 3°. Also the C—O links in the carboxyl group resonate between single 
and double bonds and are too close together to be regarded as independent. We shall thus 
regard them as equivalent to a resultant of the same magnitude as a single C—O link, this 
resultant making an angle of approximately 60° with each C—O link. The problem then 
reduces to finding the effective moment of.a molecule which has three pairs of opposed C—O 
group moments each of the pairs being mutually perpendicular. As before, the beryllium-— 
oxygen links are considered to be too close together to fluctuate independently. 

Thus the square of the effective moment of basic beryllium acetate is 


2% 4% — 2%5%@) dx, .dx_.dx,.dx,.dx,.dx. 
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/ [Jf fJecmtes tats se set soit dx, dK dx. dt, . dx dX, 


with x, = (u4/u9 — 1), x2 = (2/49 — 1), etc., as in the previous paper. The above expres- 


sion reduces on evaluation to be 
| ere ae ee 


Equations (1), (2), and (3) then predict that the orientation polarisations of benzoquinone, 
beryllium acetylacetonate, and basic beryllium acetate are in the ratios of 1: 2:3. Values 
of 8-9—10 c.c. have been given for the orientation polarisation of benzoquinone (Hassel 
and Naeshagen, Z. physikal. Chem., 1930, B, 6, 441; Le Févre and Le Févre, J., 1935, 
1698 ; Hammick, Hampson, and G. I. Jenkins, Nature, 1935, 186, 990), and Smith and Angus 
(Proc. Roy. Soc., 1932, 187, 372) give 24 c.c. for the acetylacetonate and 38 c.c. for basic 
beryllium acetate. If 1—2c.c. is allowed for experimental error in each determination the 
agreement is most satisfactory having regard to the nature of the approximations made. 
All three compounds also have polarisations practically independent of temperature, and 
the explanation is provided in the previous paper. The slight discrepancy (say, 2 c.c. for 
the acetylacetonate and 4 c.c. for the basic acetate) can be ascribed to atomic polarisation. 
It is pleasing that the discrepancy is on the right side, giving the more complicated molecule 
the larger atom polarisation. Smith and Angus attributed all the excess polarisation over 
the refractivity to atomic polarisation. This cannot be accepted. 


This work was carried out during the tenure of a Commonwealth Fund Fellowship. 
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210. Jsotope Exchange between Hydrogen Bromide and Bromine. 
By Bryan ToPLey and JosEPH WEISs. 


WHEN bromine containing the radioactive isotope is mixed with hydrogen bromide in 
carbon tetrachloride solution complete interchange takes place at room temperature in less 
than two minutes. Hydrogen bromide gas (from concentrated hydrobromic acid and 
calcium bromide) was dried by cooling to — 65°, and a saturated solution prepared in 
carbon tetrachloride containing a considerable amount of fresh phosphoric oxide in suspen- 
sion; this was shaken at intervals for five days. Bromine, activated by a radon—beryllium 
source of 120 millicuries, was added to an approximately equivalent amount of the hydrogen 
bromide solution (concentration about 0-1M) and immediately afterwards the free bromine 
was removed by shaking with mercury. The mercurous bromide and excess mercury were 
filtered off, washed with carbon tetrachloride, acetone, and water, and boiled with nitric 
acid containing silver nitrate until all the halogen had been converted into silver bromide. 
The hydrogen bromide in the filtrate was converted into silver bromide. The specific 
activities of the two samples of silver bromide were examined by a Geiger counter, and 
found to be equal. This was repeated several times; in some cases the suspension of 
phosphoric oxide was kept in the hydrogen bromide solution during the reaction. Pre- 
cautions were taken to dry the air in the flask in which the exchange occurred before 
introducing the solution and whilst the bromine was being added. 

The rapid interchange BrBr* + HBr = Br, + HBr* (where the asterisk denotes the 
radioactive isotope) is not caused by halogen interchange between the mercurous bromide 
and the hydrogen bromide ; in a control experiment in which active mercurous bromide was 
prepared separately (but in the same way) and then shaken with the hydrogen bromide 
solution, only a small amount of interchange occurred. 

Calculation from the equilibrium concentration of bromine atoms (Gordon and Barnes, 
J. Chem. Physics, 1933, 1, 692) shows that reaction via atoms, BrBr* = Br + Br* 
followed by Br* + HBr = HBr* + Br could not account for the rapid reaction observed, 
even if the activation energy of the second step were negligible. We are left with two 
possibilities: (a) a bimolecular reaction involving a collision complex or intermediate 
species HBrzg, or (b) the formation of H,O’,Br’ (ions or ion pair) which then interchanges with 
BrBr* and with HBr; it is possible that quite small traces of dissolved water which have 
escaped the action of the phosphoric oxide (say one molecule of water in 10’ molecules of 
carbon tetrachloride) might suffice. The direct ionisation of hydrogen bromide seems 


much less probable. 


THE SrR WILt1AM Ramsay LABORATORIES OF PHYSICAL AND INORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. (Received, June 3rd, 1936.] 





211. Structure of Benzene. Part I. The Problem and Experimental 
Method. 


By W. R. Ancus, C. R. Bamey, C. K. Incoip, and C. L. Witson. 


(1) Theory.—The structure of benzene has long been one of the foremost of the un- 
solved problems. of organic chemistry, the fundamental difficulty being that of reconciling 
the transformations of the aromatic nucleus with its stability. The following formule 
will be a sufficient reminder of the lengthy period of historical development extending 
from 1867 to within the last decade : 


\* 037 ee 
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Kekulé, ° Claus. Ladenburg. Thiele. Baeyer. 
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Concerning the chemical transformations of the nucleus, Kekulé’s expression is undoubtedly 
the best single representation, and Dewar’s is a permissible addition if a dynamical system 
be postulated ; neither structure, however, satisfactorily interprets the stability of the ring, 
nor do the saturated but highly strained alternatives. Formule which employ imperfectly 
defined symbols merely convert the problem into that of defining the symbols. There is, 
moreover, a stereochemical criterion to be satisfied: no formula, static or dynamic, is 
satisfactory which does not provide the ring with at least the approximate planarity 
demanded by the evidence of crystal analysis. 

The more recent developments of the theory of benzene form a special case of that 
general extension of our conceptions of valency which has received the name mesomerism. 
This has been recognised as an objective phenomenon since 1926, and as a projection of the 
exchange theory of valency, involving, like the latter, a non-classical negative energy term, 
since 1929 (for a summary see Chem. Reviews, 1934, 15,225). In the case of benzene Hiickel 
(Z. Physik, 1931, 70, 204; 72,310; 1932, 76, 628) and, more directly, Pauling and Wheland 
(J. Chem. Physics, 1933, 1, 362) have given semi-quantitative status to the theory. In 
these calculations it is assumed that the atomic nuclei occupy the corners of a plane regular 
hexagon. Then, as the last-mentioned authors show, two Kekulé and three Dewar 
formule (derived from each other by rotations through + 60°) represent the complete set of 
unperturbed structures from the wave functions of which the new wave functions may be 
composed. Neglecting all electron interactions except amongst six 2f-electrons assigned 
one to each carbon atom, a “‘ zeroth ” approximation is calculated to the new wave functions 
and new energy levels. For the ground state the wave function is 


ib = 06246 (Eye + 0-4341 Ep) 


The corresponding energy lies 1-1055« below the “‘ Kekulé energy,” « being an undeter- 
mined exchange energy integral for carbon 2f-electrons. Pauling and Wheland estimated 
a by equating 1-1055 to the difference between the observed heat of combustion of benzene 
and the heat calculated by the additive method on the basis of the Kekulé formula; the 
value obtained was « = 1-5 e.v. (= 34-5 kg.-cals.). 

In spite of its success in bringing the stability of the ring into line with its chemical 
transformations, this theory has still tc face certain difficulties : (1) Pauling and Wheland’s 
value of « does not agree with the value, « = 0-72 e.v., calculated by Penney from the twist- 
ing frequency of ethylene (Proc. Physical Soc., 1984, 46, 333). (2) It is not particularly 
clear why cyclobutadiene and cyclooctatetraene, which can be treated by the same method 
and with qualitatively similar results, are as unstable as they appear to be. This question 
has also been discussed by Penney, whose work suggests that the answer is to be found by 
taking into account some of the electronic interactions which the elementary treatment 
neglected (Proc. Roy. Soc., 1934, A, 146,223). (3) Pauling and Wheland’s scheme of energy 
levels for the excited states of the benzene molecule places only one such level in the near 
ultra-violet, although we have known for more than a decade that there are two electron 
terms in this region and it is shown in Part V that actually there are three. (4) Again, 
benzene possesses a prominent frequency of about 161 cm.“1, and although no conclusive 
argument can be derived from this, one’s knowledge of vibrational force constants in general 
makes it hard to see how a fundamental of such a small frequency could be present in the 
model proposed. (5) Quite the most notorious of all these difficulties, however, is that 
which arises from the observation of identical frequencies in the Raman and infra-red 
spectra of benzene. As this question will be discussed in detail later, it will suffice here to 
refer to the spectroscopic selection rule which states that no fundamental, overtone, or 
combination tone can appear both in the Raman and in the infra-red spectra of a molecule 
possessing a centre of symmetry. 

(2) Experimental Method.—The configuration of the normal benzene molecule represents 
a problem in experimental stereochemistry which has not as such been seriously attacked 
hitherto—except by the method of crystal analysis under the conditions of which the 
molecule is inevitably disturbed by lattice forces. The two methods available for the 
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investigation of the individual molecule are those of electron interferometry and long-wave 
spectroscopy. Observations in the former field have been published by Wierl (Ann. 
Phystk, 1931, 8, 521) and Jones (Trans. Faraday Soc., 1935, 31, 1036), but it is doubtful 
whether the problem can be carried very far forward by this method without considerable 
further refinements of technique : probably many models, provided that they are annular 
and roughly flat, could be found which would give agreement with the diffraction density 
curve to within the error of measurement. In the following papers we take up the study of 
the matter by the method of long-wave spectroscopy, which includes the study, not only of 
infra-red and Raman spectra, but also of the vibrational structure of bands arising from 
electron transitions. 

Considered as a tool for the elucidation of molecular configuration, the method of long- 
wave spectroscopy has recently obtained a new access of power in its application to hydro- 
gen-containing compounds from the discovery and isolation of deuterium. The replace- 
ment of an element by its isotope leaves unaltered all nuclear charges, therefore all electron 
wave-functions, and therefore substantially all vibrational force constants, so that practic- 
ally the whole effect of the substitution on the vibration frequencies arises from the known 
changes of certain atomic masses. Having assumed some molecular model, we can, on 
account of this consideration, calculate definite numerical relationships between the 
frequencies of corresponding normal vibrations in the two isotopically related molecules. 
Comparison with the observed frequency shifts then serves the double purpose of assisting 
in or confirming the identification of the normal vibrations concerned, and of testing the 
model; for the theoretical relations governing the frequency changes naturally depend on 
the model assumed, and therefore a model which always gives the correct relations is 
proved. ; 

It transpires that one cannot, without making assumptions about the force system and 
merely from the knowledge that it remains unaltered by an isotopic substitution, calculate 
every frequency shift individually : some vibrations can be treated individually whilst 
others have to be taken in groups. However, as 13 different benzenes can be built up from 
protium and deuterium, the total number of verifiable frequency relations is large. 

The complexity of the vibrational spectra will naturally increase as the symmetry of the 
benzene molecule is destroyed by dissymmetric arrangements of the isotopic hydrogen 
atoms. The most feasible procedure is therefore to start with a comparison of the two most 
symmetrical benzenes, CgH, and C,D,, and interpret their spectra as fully as possible so 
that the results are available to assist analysis of the next case in order of symmetry, which 
is that of s-CgH,D,. The sequence continues with £-C,H,D, and its symmetry equivalent 
1: 2:4: 5-C,H,D,, and then with all the other deuterobenzenes, except 1 : 2 : 4-CgH,D, 
which is the least symmetrical. It is a general consequence of high symmetry, however, 
that certain normal vibrations are prohibited by selection rules from appearing in the 
spectra, so that in C,H, and C,Dg, for instance, there are quite a number of fundamental 
frequencies which cannot be directly observed ; this fact places a difficulty in the way of the 
identification of combination tones. As symmetry is progressively removed by dissym- 
metric substitution, more and more of the frequencies previously ‘‘ forbidden ” become 
‘‘ allowed,’”” and hence we expect that the study of the spectra of the less symmetrical 
modifications of benzene should help to clear up those details of the spectra of the more 
symmetrical forms which have at first to be left aside; this applies especially to the inter- 
pretation of combination frequencies. 

In pursuance of the programme indicated, we first evolved a convenient exchange 
reaction by means of which C,D, can be prepared in a high degree of purity, and took the 
opportunity to study its more easily measured physical properties such as density, refrac- _ 
tion, and vapour pressure. We then examined comparatively for CgH, and C,D, the 
following four spectra : the near infra-red absorption spectrum, the Raman spectrum, the 
ultra-violet fluorescence spectrum, and the ultra-violet resonance spectrum. All these 
spectra afford information about the vibrations of the normal molecule; we have not 
studied the ultra-violet absorption spectrum because the vibrational structure of this relates 
primarily to the electronically excited molecule, which from our present point of view is of 
secondary interest. The work up to this stage is recorded in the parts immediately 
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following.* As indicated in our various preliminary notes, similar studies with s-CgH,D,, 
p-C,gH,D., and C,H,;D are in progress, though they are not yet complete enough for 
detailed report (cf. Nature, 1934, 134, 734, 847; 1935, 135, 1033; 136, 301, 680; 1936, 
137, 70). 


UNIVERSITY COLLEGE, LoNnDON. [Received, May 23rd, 1936.] 





212. Structure of Benzene. Part II. Direct Introduction of Deuterium 
into Benzene and the Physical Properties of Hexadeuterobenzene. 


By C. K. INGoxp, C. G. Raisin, and C. L. WILson. 


(With an Appendix : Be 5 of the Vapour Pressure of Hexadeuterobenzene, 
by C. R. BatLey and B. TopLey.) 


Historical—Hexadeuterobenzene has been obtained by several authors. Murray, 
Squire, and Andrews first prepared it by polymerisation of dideuteroacetylene, but not in 
quantity sufficient for purification (J. Chem. Physics, 1934, 2,714). Using the same process, 
Clemo and McQuillen obtained a product which, though partly purified, is shown to be 
impure by its physical constants (J., 1935, 853); the proportion of impurity calculated 
from the freezing point by Raoult’s law is 10-3 mols. %. Klit and Langseth obtained hexa- 
deuterobenzene from benzene, deuterium chloride, and aluminium chloride ; their purest 
product is shown by its Raman spectrum and density to contain 98 atoms %, of deuterium, 
which corresponds to the presence of 11% of pentadeuterobenzene (Nature, 1935, 135, 956; Z. 
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Proportions of Position Isomerides. 
C,H,D, :—o:m:p = 0°4: 0°4: 0°2 
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deuterium substitution in the absence of orientation. 


physikal. Chem., 1936, 176, A, 65). Bowman, Benedict, and Taylor prepared it by catalysed 
exchange of hydrogen between benzene and deuterium oxide (J. Amer. Chem. Soc., 1935, 57, 
960) ; they followed the process optically and judged the final product to contain at least 
99 atoms °% of deuterium, but the recorded density indicates only 97-7%. Such a product 
would contain about 14% of pentadeuterobenzene. Erlenmeyer and Lobeck decarboxyl- 
ated calcium mellitate with calcium deuteroxide, but the deuterium content of their product 

* It will there be explained why for the infra-red spectra the C,H, and C,D, have been employed 
both as vapour and as liquid, why for the Raman spectra they have been used only in the liquid form, 
and why for the ultra-violet spectra only as vapour. 
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was only 93-2% (Helv. Chim. Acta, 1935, 18, 1464; 1936, 19, 336); this corresponds to 30% 
of pentadeuterobenzene and appreciable amounts of less highly deuterated derivatives (see 
Fig. 1). We prepared hexadeuterobenzene by the exchange reaction between benzene 
and sulphuric acid (Nature, 1934, 134, 734) and for more than a year past have experimented 
with material containing only 1%, of pentadeuterobenzene (:bid., 1935, 135, 1034; 136, 
301). In particular, material of at least this degree of purity has been used for the 
spectroscopic work described in the succeeding papers. 

Hydrogen Exchange between Benzene and Sulphuric Acid.—From the theory of aromatic 
substitution and our empirical knowledge of the behaviour of sulphuric acid as a condensing 
agent, we predicted that this exchange would occur and could be made to proceed more 
rapidly than sulphonation. Our first experiments were with 65 mols. % aqueous sulphuric 
acid (t.e., 35 mols. °% of water) ; the exchange is rapid but an appreciable amount of sulphon- 
ation occurs under these conditions, and it is uneconomica] to proceed to the limit of deuter- 
ation by repetition with this reagent. For preparative purposes we have used aqueous 
acid of 52 or 51 mols. % concentration and certainly with the latter the recovery of benzene 
is practically quantitative. It would appear that sulphonation ceases when the amount of 
water is sufficient to form [H,O];[HSO,]’, where, of course, H stands for any mixture 
1H, + *Hy_.,. At greater dilutions, e.g., with 40 mols. % aqueous acid, no sulphon- 
ation at all occurs, but the exchange still takes place though at a rather low rate. The 
reactions were performed by merely shaking the reagents together at the room temperature, 
and with 51% acid equilibrium in exchange was reached well within the usual time allowed, 
viz.,3—4 days. We have not made an accurate determination of the exchange equilibrium 
constant, K = [CgD,4][H,SO,]/[CgH,][D,SO,], but our observations show that it is slightly 
greater than unity. The successive equilibrations were followed in the first instance by 
combustion of the benzene samples and pyknometric determination of the density of the 
water thus produced. Later, when the density of pure hexadeuterobenzene was known and 
a density—composition curve had been plotted for the partly deuterated intermediate mix- 
tures, the whole process could be followed more conveniently by direct determinations of the 
densities of the benzenes. 

The reagent was prepared from pure sulphur trioxide and deuterium oxide (containing 99-95 
atoms % deuterium). The former was distilled (0-05 mm.) into a tared bulb, weighed, and 
distilled into the appropriate quantity of deuterium oxide, all-glass apparatus being used. After 
titration with standard sodium hydroxide, the strength was adjusted if necessary by a further 
small addition either of deuterium oxide or of a previously prepared stronger acid, and again 
checked by titration.. Pure, thiophen-free benzene was thoroughly dried with phosphoric oxide 
and distilled. It was added to the sulphuric acid reagent in the proportion C,H, + 3D,O + 
cSOy, (c has already been defined), shaken as described above, transferred by distillation in a 
vacuum to an equal amount of a fresh sample of the same reagent, and shaken again. After 
four repetitions, the benzene was transferred to a bulb containing barium oxide previously 
heated for 1 hour at red heat ina high vacuum. After contact for 12 hours with this reagent, the 
sample was transferred to a bulb containing phosphoric oxide, from which, 15 mins. later, it was 
distilled into the stock bulb. All transferences of benzene were made by distillation in an oil- 
pump vacuum, the gas-line being provided in advance with the necessary number of bulbs 
and constrictions for sealing. Liquid air was used to prevent access of oil vapours from the pump 
and to cool the benzene whilst sealing. This procedure gives a benzene containing not less than 
99-8 atoms % deuterium, but by stopping at the intermediate stages samples could be obtained 
suitable for measurements designed to correlate physical properties with deuterium content. 
For the earlier stages of some of the later preparations we used “‘ spent ” acid derived from the 
later stages of the earlier preparations. 

For the isotopic analyses, about 0-1 g. of the sample was accurately weighed on a micro- 
balance in a small glass bulb with a long capillary neck which was sealed immediately after 
weighing. This bulb was then broken under the surface of about 9 c.c. (accurately weighed) of 
pure ordinary benzene contained in a stoppered bottle. The whole of the benzene mixture was 
then burnt over red hot copper oxide in a stream of dry nitrogen. The combustion water, col- 
lected at — 78°, was purified by a single distillation, without boiling, in an evacuated all-glass 
apparatus, a method by which the repeated distillations previously necessary (Day, Hughes, 
Ingold, and Wilson, J., 1934, 498, 1593) were avoided. Details of the cleaning of apparatus and 
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of the pyknometry are given in the papers cited. The atomic percentage of deuterium in the 
original sample is 
[P(W + w) — 0-015W]/[w + 0-00001158W — 0-000772PW] 

where w and W are respectively the weights of the benzene sample and of the ordinary benzene 
used as diluent, each duly corrected for buoyancy in atmospheric air, and P is the atomic per- 
centage of deuterium in the combustion water, corrected, of course, for the deuterium content 
of the ordinary water used as a standard of density. It is assumed (1) that the molecular weights 
of CsH, and C,D, are 78-11 and 84-14 respectively, (2) that the density of D,O is a3. = 1-1074, 
and (3) that the atomic percentage of deuterium in the diluent benzene, which was shown to be 
exactly the same as in the standard water, is 0-015%. The density determinations are accurate 
to 1 in 10%, so that, allowing for the 80-fold dilution, the whole analysis should be correct to 0-1%. 


Mechanism of the Exchange.—We have already expressed our views on this subject 
(Nature, 1934, 134, 847), and need only remark that our theory, which regards the exchange 
as an electrophilic substitution proceeding by attack at a single carbon atom, just as in 
ordinary aromatic substitution : 


H 
H +D+0-SO,D => “OSO,D => D + HO-SO,D 
= = iether 3 
D 


is consistent with all that we have discovered to date concerning the deuteration of substi- 
tuted benzenes by sulphuric acid and similar reagents. This work will be published shortly. 
Horiuti and Polanyi have suggested a mechanism based on a two-point addition involving 
a Kekulé double bond, and have adduced as lateral evidence hydrogen exchange between 
sulphuric acid and ethylene (Nature, 1934, 184, 847). We can off-set this by showing, for 
what such evidence is worth, that even paraffins undergo hydrogen exchange with sulphuric 
acid. This, however, is another section of our work which is not yet ready for publication in 
detail. 

There was never any possibility that the mechanism could consist in successive sulphon- 
ation and desulphonation, for it is common knowledge (and we have confirmed the fact) 
that benzenesulphonic acid is not desulphonated under the conditions of the exchanges. 
However, as this suggestion has been made more than once by others, we have carried out 
the following isotopic indicator test. It was first shown that when 55 mols. % aqueous 
sulphuric acid containing about 2% of deuterium was shaken with ordinary benzene, the 
proportion of acidic hydrogen to benzenoid hydrogen being 3 : 1, equilibrium in exchange 
was fully established in 4 days, 9% of the benzene being simultaneously sulphonated. 
The experiment was then exactly repeated except that “light ’’ aqueous sulphuric acid 
(i.e., acid of the normal deuterium content) was used, in conjunction as before with “‘ light ” 
benzene, and that a small amount of benzenesulphonic acid was introduced which had 
been prepared by direct sulphonation of ‘‘ heavy ” benzene. This sulphonic acid contained 
25-7 atoms °%, of deuterium in the hydrogen of the phenyl group, but was normalised with 
respect to the hydrogen isotopes in the sulphonic acid group. Were benzenesulphonic acid 
an intermediate in the exchange, the hydrogen of the equilibrium benzene should have 
contained 0-76 % of deuterium, and the water obtained by combustion of the benzene should 
have been more dense by 800 parts per million than ordinary water. Actually, the density 
was identical with that of ordinary water to within 1 part per million, which is the error of 
measurement. It was verified that 8% of benzene had undergone sulphonation just as in 
the blank experiment. This proves conclusively that the desulphonation of benzenesul- 
phonic acid has nothing to do with the exchange, and that any benzenesulphonic acid formed 
during this process simply represents so much material put out of action, just as we have 
always maintained. We foresaw, of course, that the nuclear hydrogen of benzenesulphonic 
acid would not directly exchange with the hydrogen of the aqueous sulphuric acid; this 
follows from the known deactivation of the aromatic nucleus towards electrophilic reagents 
by the sulphonic acid substituent. 

Physical Properties of Hexadeuterobenzene.—As we have previously reported, the m. p. 
of hexadeuterobenzene is 6-8°, t.¢., 1-3° higher than that of benzene, and the b. p. is 793°, 
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i.e., 0-8° lower than the b. p. of benzene. A more exact value for the b. p. follows from the 
vapour-pressure measurement described below : the difference of b. p. at normal pressure 
is — 0-834°, so that if we standardise on Zmaczynski’s value, 80-112°, for the b. p. of benzene 
(J. Chim. physique, 1930, 27, 503), the b. p. of hexadeuterobenzene becomes 79-288°. 

The density of hexadeuterobenzene is 433: 0-9456 or d?* 0-9429, and these values may be 
compared with the benzene densities : 433: 0-8760, d{*° 0-8735. We should explain, how- 
ever, that the figures for hexadeuterobenzene are corrected for residual protium, and that 
the highest density that we have actually measured was that of a sample containing 99-8 
atoms °% of deuterium which had d33: 0-94543. The densities of several less highly deuter- 
ated samples are recorded in Table I (p. 920). All these densities were measured with a 
l-c.c. pyknometer and should be accurate to the number of figures quoted. For the 
molecular volume at 25° we have : 


V® (CgH,) = 78:11/0-8735 = 89-42 c.c.; V"(CgD,) = 84-14/0-9429 = 89-23 c.c. 


The contraction of 0-21 °% observed on passing from benzene to hexadeuterobenzene may be 
ascribed to the smaller amplitude of the zero-point vibrations of the deuterium compound. 
The refractive index of hexadeuterobenzene was measured differentially against that of 
benzene by using a Pulfrich refractometer with a divided cell. The differences, which were 
read on the drum of the instrument, should be accurate to the fifth place of decimals, 
although the absolute values are not reliable beyond the fourth place. For benzene we 
find n2" 1-49982, and for hexadeuterobenzene nj? 1-49779, the latter value being corrected 
for residual protium. The refractions and dispersions of a number of specimens of known 
deuterium content will be found in Table I. For the molecular refractions we have 


[Rr]? (CgH,) = 26-290 c.c.; [Rz]2"(CgD,) = 26-146 c.c. 


These values require a slight correction inasmuch as the densities at 25° have been inserted 
into the Lorentz formula instead of the densities at 22°; our object, however, is to compare 
the polarisabilities of the isotopic molecules, and for this purpose the correction is not of 
significance. It will be seen that the optical polarisability (D-light) diminishes by 0-55°%, 
on passing from benzene to hexadeuterobenzene. This is a remarkably large change, as one 
can appreciate by reflecting that the difference of refractive index between “‘ light ’’ and 
“heavy ” benzene is approximately minus one-half of the difference between benzene and 
toluene (the differences from benzene are in opposite directions). 

In order to obtain the polarisabilities i in a static field, we must correct to zero frequency. 
For benzene we find 3i,, — 37 = 0-003195, and for hexadeuterobenzene 13%,, — "iio = 
0-003146, these figures being subject to an uncertainty of about 3 units in the last decimal 
place. Using Helmholtz and Ketteler’s formula, we obtain 


[RJ (CgH,) = 25-928 c.c.; [Rz]?"(CgD,) = 25-501 c.c. 


These figures show that the static polarisability is 0-50°% smaller in hexadeuterobenzene 
than in benzene. 

Having regard to the identity of isotopes with respect to nuclear charge, it seems curious 
at first sight that an isotopic substitution should influence electronic polarisability, but once 
again we may trace the observed effect to the existence of zero-point energy. 

According to the theory of dispersion, the polarisability of a molecule is dependent on 
what may be described as the “‘ proximity ”’ and “ ease of access ” of those electronically 
excited states whose wave functions can be considered to become mixed with the wave 
function of the ground state when an electric field deforms the normal molecule. The 
greater the proximity on an energy scale of the excited states to the ground state, and the 
greater the probability of transitions between the former and the latter, the more will the 
ground wave function become deformed by admixture with excited wave functions for a 
given electrical perturbation. The quantitative expression of these ideas is contained in the 
formula a = 22:|Mo|*/Io0 Here «a, is the static polarisability of the normal molecule, 


hvjo is the energy y separation of any excited state 7 from the ground state 0, and |M )|? is the 
measure of the probability of transition between the ground state 0 and the excited state 
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j; one sees that a» will be great in proportion as the |M. oj| are great and as the Av». are small. 
It will frequently happen that a single term of the sum, namely, that related to transitions 
between the ground level and the lowest electronically excited level (7 = 1), is much 
greater than all the others. For the present we shall assume this, and consider only the 
simplified approximate expression % = 2|Mo;|?/Av49. 

It is necessary to consider how |M,,|? and Avy) behave in consequence of an isotopic 
substitution. The probability factor |M,,|? is the square of the modulus of an integral 
(matrix element) involving the electronic wave functions of the ground state 0 and of the 
excited state 1. If we make the usual assumption that the wave functions, y» and yy, 
are dependent only on the equilibrium positions of the nuclei, despite the fact that the 
nuclei are really moving with their zero-point energy, then neither the ground wave 
function, ys», nor the excited wave function y, will be altered by isotopic substitution. It 
follows that the probability |M,,|* will also remain invariant. 


Fic. 2. 


C,H. 

















Effect of zero-point energy on energy of electron transitions. 


The energy interval hv, , on the other hand, will vary with isotopic substitution on 
account of the nuclear zero-point energy. For any particular electronic state of a given 
molecule, the zero-point energy will be the sum of a number of terms of the form }hvyin,, 
one belonging to each normal vibration. The zero-point energy of benzene will consist of 
30 such terms, since the molecule has this number of degrees of vibrational freedom. Let 
us consider a single term. For small vibrations, the frequency v,», is given by (1/2)V/f/u, 
where f is the force-constant and pv the mass-factor (‘‘ reduced mass ’’) appropriate to the 
vibration; so that, except for a constant factor, the zero-point energy term is given by 
Vf/u. When we pass from benzene to hexadeuterobenzene in the same electronic state 
the force-constant will remain essentially unchanged whilst the mass-factor will be in- 
creased; hence the zero-point energy term will be decreased. When we carry either com- 
pound from the ground state to the excited state, the mass-factor of the vibration will 
remain substantially the same but the force-constant will be reduced; again the zero- 
point energy term will be decreased. The net effect of these changes can be understood 
from Fig. 2. The four curves represent the variation with displacement in the vibration 
(t.e., with the appropriate normal co-ordinate, Q) of the potential energy, E, of benzene and 
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hexadeuterobenzene both in the ground state, 0, and the excited state, 1. The four zero- 
point energy terms depend, as is indicated beside the curves, on a force-constant which 
varies with the state (f, and /,) and a reduced mass which varies with the compound 
(uj and wp). Quite generally, the force and mass-factors will exhibit the inequalities 
fo>f, and pp>tuy. It follows that the four zero-point energy terms will cause the energy 
of transition between the ground and the excited states to be greater in hexadeuterobenzene 
than in benzene by the positive quantity (h/4n)(f,? — f,*)(ugt — up). This is an effect 
due to only one normal vibration, and the whole difference in the electronic transition 
energy due to nuclear zero-point energy will be the sum of 30 such terms. Therefore, if 
benzene were to satisfy our simplifying assumption that only one excited state need be 
counted for the calculation of the polarisability, then the values of this constant for benzene 
and hexadeuterobenzene would simply stand in the inverse ratios of the transition energies, 
the polarisability of hexadeuterobenzene being the smaller. 

In Part V we show that benzene has, not one, but three closely situated electronically 
excited states in the near ultra-violet. However, this does not greatly complicate the 
position provided that it is still a good approximation to consider only the contributions 
made by these three states to the sum giving the polarisability, «=. The factors by which the 
energy of transition from each of these excited states to the ground state is greater in 
hexadeuterobenzene than in benzene are 1-0063, 1-0045, and 1-0046. Hence the three 
terms which we now consider to be effective in the summation giving the polarisability will 
be smaller for hexadeuterobenzene than for benzene by 0-63%, 0-45%, and 0-46% respec- 
tively. It follows that the polarisability itself will be smaller in hexadeuterobenzene than 
in benzene by a proportion which is bound to lie within the limits of the individual per- 
centages quoted, and may as an approximation be set equal to their average, viz., 0-51 %. 
The agreement with the observed percentage difference, 0-50%, testifies to the essential 
truth of the explanation given. 


TABLE I. 
Density, Refraction, and Dispersion of Deuterated Benzenes. 
D, atoms, %...0.cccccccees 0-0 51°6 81°7 92°9 97°4 99°8 100-0 
dae, aseeeeeeeeeeeeeeeeeeenes 0°87596 0°91242 0°93447 — 0°94424 094543 0°94560 
yy 1-49982 1°49877 1°49813 1°49795 149783 — 1:49779 
(nit, — m2%,) x 10%... 3196 3167 3158 — 3144 — 3146 


Many authors have evinced interest in the vapour pressure of isotopic compounds, and 
especially in those cases in which the modification having the greater molecular weight has 
also the greater vapour pressure. Benzene is an example of this, and moreover one of 
particular interest, inasmuch as the special explanations which have been advanced in other 
cases (hydrogen fluoride and acetic acid), and which indeed may be substantially true for 
these, can scarcely be considered to apply to benzene. Evidently some much more general 
treatment is required, and for this reason Mr. C. R. Bailey and Mr. B. Topley have made a 
special theoretical study of the matter. Their conclusions, which are described in an 
Appendix to this paper, furnish both the general principles which should govern the 
discussion of any normal example and a semi-quantitative treatment of the particular 
case of benzene. On the experimental side the vapour pressure of hexadeuterobenzene has 
been measured differentially against that of benzene over the temperature range 0—80°, 
the liquids being supercooled at the lowest temperatures investigated. The pressure 
differences should not be in error by more than 0-1 mm. 


The measurements were carried out with a differential tensimeter made of tubing of 7 mm. 
bore and sufficiently uniform to obviate the necessity for any correction due to the capillary 
depression of the manometric liquid, which was pure, freshly distilled mercury. The glass was 
carefully out-gassed, and the mercury was boiled out in a vacuum whilst in the tensimeter. The 
benzene samples were dried with phosphoric oxide, introduced without access of moisture, and 
further out-gassed in the tensimeter by repeated freezing at — 78° in a vacuum, melting, re- 
freezing and re-exhausting, before sealing off from the gas-line. The tensimeter was wholly 
immersed in the thermostat, and the observations were taken through a plate-glass window by 
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means of a cathetometer in the field of which both mercury surfaces were simultaneously visible. 
The normal precautions were taken as to plumb-lining, and refraction errors were proved to be 
negligible by observations on a scale placed in the thermostat. As we wished to conserve our 
purest specimens of hexadeuterobenzene for those investigations for which isotopic purity is 
most essential, the vapour pressures were measured with a specimen containing 7-1% of residual 
protium; however, the relation of the order of magnitude of the pressure differences to that of 
the error of measurement is such that the extrapolation to zero protium content should be safe. 
The extrapolations are linear and it is immaterial whether one uses the vapour pressures them- 
selves or their logarithms. Young’s values for benzene (J., 1889, 55, 486; Phil. Mag., 1887, 
661) have been taken as basis for the comparison. 


The results, given in Table II, satisfy the equation 


log 1o(Pc,u./Po,) = — (4:585/T) + 0-0018 


where the p’s are vapour pressures and T is the absolute temperature ; this applies through- 
out the entire range. Zmaczynski’s results for the vapour pressure of benzene in the 
neighbourhood of its b. p. may be expressed by the relation 


log oPcan, = — (1671-34/T) + 7-6125 


the pressures being expressed in mm. of mercury. Hence for hexadeuterobenzene in the 
neighbourhood of its b. p. we have 


This is the equation from which we calculated the b. p. quoted above. It will be observed 
that, although the terms dependent respectively on the latent heat and chemical constant 
are of comparable importance in the equations giving the separate vapour pressures of 
benzene and hexadeuterobenzene, yet almost the whole of the difference between the two 
vapour pressures arises from the difference between the corresponding latent heats of 
evaporation. For the individual molecular latent heats in the neighbourhood of the b. p.’s 
we find 
280°(C gH.) = 7639-1 cals.; 28°°(C,D,4) = 7618-2. cals. 


For the difference between the latent heats over the whole experimental range 0—80° we 
have 
TABLE II. 


Vapour Pressures of Benzene and Hexadeuterobenzene. 


Temp. Temp. 

(T— Ap Pop, (T— Pots Ap Ap 

273°1°). antl “He). (ob4). (corr.). (mm.'Hg).  273°1°). (mm. Hg). (obs.). (corr.). ini : Hig). 
0-0° 26°5 0-9 1-0 27°5 45°0° 220°7 6-0 64 227-1 
5-0 34:7 Il 1-2 35°9 50-0 269-0 7:2 77 3=© -276°7 
10-0 45°4 1-4 15 469 55°0 323°3 8°6 92  332°5 
15-0 58-2 1-8 1-9 60°1 60-0 3886 100 108 399-4 
20-0 74:7 2-2 2-4 17:1 65:0 461°2 11:7 126 473°8 
25-0 94:0 2°7 2-9 96-9 70-0 5474 136 146 562-0 
30-0 118-2 3°4 3°6 1218 715°0 6423 160 172 6595 
35°0 146°3 41 4-4 150°7 80°0 7536 186 200 17736 
40:0 181°1 4-9 52 186-3 

APPENDIX. 


Discussion of the Vapour Pressure of Hexadeuterobenzene. 
By C. R. BaILey and B. TopLey. 
It is shown in the foregoing paper that the relative vapour pressures of CgD, and CgH, 


are expressed by Pon./Pew. = 1-00415 exp. (— 20-96 /RT) in the range 080°. The 
slight uncertainty in the two empirical constants is not sufficient to affect the main con- 


3N 
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clusion, that the higher vapour pressure of C,D, is mainly (about nine-tenths) accounted for 
by its smaller latent heat of evaporation. 

We try here to analyse the factors responsible for the latent heat difference and for the 
temperature-independent factor. A simplified statistical treatment of the limited problem 
of the vapour-pressure difference of isotopic molecules was outlined by Topley and Eyring 
(J. Chem. Physics, 1934, 2, 217), and in part we follow the same method here. 

The statistical condition for liquid-vapour equilibrium is equality of the partition 
functions in the two phases. We express this condition in the pair of equations fV = g 
and f’V’ = g’, where V is the volume per molecule in the vapour of C,H,g, fis the partition 
function (lacking the volume factor belonging to the function for the translational states) 
for the vapour, and g is the partition function for the liquid. The corresponding “‘ dashed ” 
symbols apply toC,D,. Deviations of the vapours from perfect-gas behaviour are neglected 
since their effect on the ratio of the vapour pressures is of a smaller order than the 
effects we discuss. Hence, at a common temperature we have fo,y,/Pc,p, = V'/V and 


therefore 
Pow. /Pow. = (ffeil) - « © © © © © e 


The Vapours.—The partition functions f and /’ can be split up in the usual way into the 
product of factors for internal vibration, translation, and rotation : 


Sif’ = (huw./f ‘vib. {Strans./f ‘trans.} {Srot./f rot} » + « 6 « (2) 
The ratio fyi»,/f' vip. is the product of factors of the form 
[exp. A(v’ — v)/2kT] [(1 — exp. hv’ /RT)/(1 — exp. hv/kT)], 


one for each normal mode of vibration of the molecule, with frequency v, v’. The ratio 
Sevans./f' trans. Teduces simply to the 3/2th power of the ratio of the molecular weights and is 
equal to 0-8944 for C,H, and C,D,. Similarly, the ratio /i.,/f’rot. is the 3/2th power of the 
product ABC/A'B'C’ of the moments of inertia; from a plane hexagonal model of the mole- 
cule, we find A = B = 3C = 1-516 x 108 and A’ = B’ = 3C’ = 1-835 x 108. The 
effect of the slightly stronger binding of C—D than of C—H, produced by the small elec- 
tronic isotope effect, on the C—D distance compared with the C—H distance and hence 
on the moments of inertia of C.D, has been estimated by an application of the Heitler- 
London theory suggested by Eyring (/oc. cit.), and it is quite small. For the ratio foot, /f rot. 
we have therefore 0-751. 

The Liguids.—Free translation and free rotation cannot persist when the vapour is 
condensed, if the molecules have non-spherical force fields. The (average) magnitude of 
the potential restricting translational motion has been related to the influence of temper- 
ature upon viscosity (Frenkel, Z. Physik, 1926, 35, 662; Acta Physicochim, U.R.R.S., 1935, 
3, 631). The potential restricting rotation has been related to the dielectric properties of 
the liquid by Debye (Physikal. Z., 1935, 36, 100). The frequency of hindered oscillation 
and oscillation-rotation in liquid benzene has been discussed in connexion with the Raman 
scattering by Bhagavantam (Proc. Indian Acad. Sct., 1935, 2, 63). The general con- 
clusion * is that the potential restricting translation and rotation is of the order of magni- 


* From the temperature variation of the viscosity of C,H, in the range 0—70° we find the depth 
of the potential hollow restricting lateral motion of a molecule to be 1300—1400 cals. Debye ((oc. cit.) 
gives 0°75kT at ordinary temperatures as a measure of the energy required to turn through 90° a 
molecule of chlorobenzene dissolved in hexane. Pauling (Physical Rev., 1930, 36, 430) and Stern (Proc. 
Roy. Soc., 1931, A, 180, 551) have proposed a method of estimating the potential restricting rotation 
of molecules in crystal lattices and the corresponding rotation-oscillation frequency. Bhagavantam . 
(oc. cit.) in this way finds 72 cm.-!, compared with 63 and 108 observed by Gross and Vuks (Nature, 
1935, 185, 100) for solid benzene, and suggests that the quasi-crystalline forces acting in liquids lead 
to imperfectly quantised periodic motions of similar frequency, which are responsible for the rotation 
“ wings ” observed in the Raman scattering from the liquids. These, together with general consider- 
ations concerning the properties of benzene as a ‘“‘ normal”’ liquid, have guided our arbitrary choice 
of frequencies and forms of potential function for study from the point of view of the numerical 
behaviour of the partition functions for the liquids. 
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tude of, though possibly somewhat larger than, the value of kT at ordinary temperatures, 
and the quantum of the corresponding quasi-periodic motions lies between kT and 0-1kT. 

The whole of the following discussion is based upon the simplifying assumptions con- 
cerning the liquid which we now state. The cohesion of the liquid is produced by forces 
which have the additive character of van der Waals forces, and the molecules are not 
polymerised by any bonds having the directed and non-additive nature of valency forces. 
Each molecule is considered to execute its thermal motion separately within the constraints 
imposed by surrounding molecules, 7.e., in a potential hollow which—although in reality 
fluctuating—is treated as having some constant average form the same for all molecules of a 
pure substance. 

The partition function ratio g’/g for this model of the liquid state can be written as the 


product of factors 
&'/g = {exp.(x — x’) /RT} {8 viv./Bviv.} {8'0/Boh {8'n/En} - + + + (3) 


y, x are the potential energies of the C,H, and C,D, molecules in the liquid measured from 
the lowest energy states in the gas as arbitrary zeros. For the purpose of this definition, 
the molecules are considered as rigid structures, and x, x’ are measured down to the potential 
minimum of each of the six co-ordinates defining the potential hollows ; the zero-point ener- 
gies of the thermal motions of the molecules as rigid structures are taken into account in 
the partition function ratios g’,/g, and g’,/g,. 

The ratio g’yi»./gvi, corresponds to the reciprocal of fyin./f’sin, for the gas phases. The 
ratio g’,/g, contains the partition functions for the three degrees of freedom involving 
lateral motion of the centre of gravity of the molecule, 7.e., for the degrees of freedom 
which replace the free translation in the gas; similarly g’,/g, contains the partition 
functions for the three-dimensional hindered rotation (rotation-oscillation) replacing the 
free rotation in the gas. 

Each of the four factors in equation (3) proves to be important in determining the 
numerical value of g’/g. We have examined the contribution of each to the vapour-pressure 
ratio by expressing the factor in the form A exp. (B/RT), where T is the absolute temper- 
ature, R the gas constant in cals. per mol., and A and B are empirically chosen to reproduce 
as closely as possible the numerical behaviour of the factor in question over the temperature 
range for which the vapour-pressure data have been determined. We thus obtain 


pou./Pop, = WA. exp. 3B/RT . .. . . . (la) 


the product II and the sum = extending over the three factors of equation (2) and the four 
factors of equation (3). 

The last two factors in equation (2) provide only an “ A ” factor of 0-672. It is con- 
venient to deal with the first factor f/f’, along with g’,i,./gy- There is, in general, a 
small shift in the internal vibration frequencies when a vapour condenses, and a corre- 
sponding change in the internal zero-point energy of the molecule (Buchheim, Phystkal. Z., 
1935, 36, 694; Mecke and Vierling, Z. Physik, 1935, 96, 559). This shift is nearly always 
in the sense that vzas—vyquia is positive. In the particular case of benzene the effect has been 
measured in the infra-red for a number of bands, including fundamentals, overtones, and 
combination tones, by McAlister and Unger (Physical Rev., 1930, 36, 1799), Silvermann 
(tbid., 1932, 41, 486), Leberknight (cbid., 1933, 48, 971), Barnes (bid., 1930, 36, 296) and 
Dreisch (Z. Physik, 1924, 30, 200). In eleven different observations the shift is in the 
usual direction, but in one exception a shift in the opposite direction, several times larger 
than any of the normal shifts for unpolymerised substances, is recorded by Dreisch (loc. cit.). 
Attributing this to error, we have omitted it. The recorded differences vgas— , when 
converted into fractional differences 1—vj,uja/Ygas, Tange from 0-00148 to 6.00478 with an 
average of 0-00280. It is a safe assumption that in hexadeuterobenzene the corresponding 
vibrations will show essentially the same fractional shifts. The further assumption which 
we are compelled to make, viz., that the fractional shift averaged over the 30 normal modes 
of vibration may be taken as 0-0028, is also not likely to be seriously in error. 

We are concerned only with the quantity 


{ fein. /friv.’} {2 viv. /Zeiv.} = {friv. /2viv.} {g’ viv. /friv.’}- 
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In the temperature range in question, the factors of the form (l—exp. Av/kT) can be omitted, 
leaving a prodyct of 30 factors of the form exp.[0-0028h(v’ — v)/2kT]. Inserting into this 
product the frequencies of benzene and hexadeuterobenzene and the degeneracies (see 
Part VIII), we obtain a “‘ B”’ term of — 32 cals. per mol. 

The energy difference x — x’ in equation (3) differs from zero in so far as the van der 
Waals forces are not identical for the isotopic molecules. To estimate the difference for 
benzene and hexadeuterobenzene we utilise the theory of London (Z. physikal. Chem., 
1930, B, 11, 222). The approximations in the theory are considerable, but the successful 
calculation of the absolute heat of sublimation of solid benzene by de Boer (Trans. Faraday 
Soc., 1936, 32, 10) and of quinone by Wassermann (this vol., p. 432) justifies empirically 
our use of it here. Instead of the relationship between the van der Waals forces and polar- 
isability given by London, we use the approximation given by Slater and Kirkwood (Physical 
Rev., 1931, 37, 682) for the mutual energy between them. Treating, as de Boer does, the 
CH groups as though their electronic distribution were spherically symmetrical, and 
assuming that the average arrangement of the CD groups in the liquid is the same as the 
average arrangement of the CH groups except that all distances are contracted slightly, 
then the difference between the isotopic molecules reduces to the expression x'/y = 
(a’ /a)*/2(V/V’)?, where « and V are respectively the polarisability and the molecular volume. 
Since «’ = 0-995« and V’ = 0-9979V at ordinary temperatures and we may assume these 
ratios to hold between 0° and 80°, we have for y’/y the value 0-99667. Identifying — 
with the latent heat of evaporation of benzene (5-2 x 10% erg per molecule), we find 


x —x' = — 1-7 x 10™ erg per molecule, giving us a “ B” term of — 25 cals. per mol. 
Inserting in equation (la) the partition ratios which have been evaluated above, we have 
bou./Po, = 9672 exp. (— 57/RT){g"o/B0} {e'n/ens ~~ - - (1B) 


The factor 0-672 cannot be in error by more than 1—2%, and there is no reason to believe 
that the exponent (— 57/RT) can be as far out as, say, 30%. Comparing equation (1d) 
with equation (1), we see that the partition function ratios concerned with the six degrees 
of freedom of motion of the molecule as a whole in the liquid phase must be capable of being 


expressed formally by 
{g'0/80} {8'n/En} = A exp. B/RT 


with A = 1-00415/0-672 = 1-49 and B a positive quantity equal to the difference (57 — 
20-96) but with a toleration of say + 14 cals. 

We have no means of determining a priori the best form of potential function to repre- 
sent the restriction upon the motion of the molecule in these six degrees of freedom. In any 
case the six zero-point energy differences must exist and must contribute a ‘‘ B ’’ term of the 
required sign. There remains the question whether, with a reasonable choice of potential 
function or functions, an “‘ A ”’ factor of the required size could be reconciled with a “‘ B” 
term lying within the limits given. We have studied the numerical behaviour of the 
partition ratios for three simple potentials : 

(1) Exot. = $X2x*, where x is the displacement of the centre of gravity from its equili- 
brium position. For this harmonic oscillator we have taken the same force constant K for 
both benzene and hexadeuterobenzene; our final conclusion (a qualitative one) would not 
be altered by using slightly differing force constants. From symmetry, we should expect 
that two only of the three degrees of freedom included in g’,/g, will have the same K. The 
rotation-oscillation will also have the form of partition function associated with simple 
harmonic motion if we substitute for x the angular displacement round a principal axis, 


and for the mass of the molecule the moment of inertia round the same axis; again two 


only of the degrees of freedom will have the same force constant. 

(2) Exot. = $K,x* — Kyx*; the force constants K, and K, being chosen so that 3 y,,,/3% 
is reduced to zero at a value of x equal to one-half the distance between the centres of 
adjacent molecules of benzene, and E,4, is 1350 cals. per mol. at this point, in conformity 
with the viscosity data (see p. 922, footnote). It is clearly no objection that this potential 
is not periodic in x. The energy levels given by a first-order perturbation calculation are 
well-known (Pauling and Wilson, ‘‘ Introduction to Quantum Mechanics,” 1935). 
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(3) A potential hollow in the form of a box in which E,,,, = constant for — %j»<*%<%q, 
and = o at — x, and Xo, t.¢., the molecule moves a short distance at constant potential 
energy Epo, and is then * reflected ” from a potential wall. We have arbitrarily taken x, 
to be one-tenth of the distance between the centres of adjacent molecules. The energy 
levels are those of a mass point moving in a similar potential with the same free path 
between reflections. A similar potential wall can be imagined to limit the angle co- 
ordinates of the rotational motion. 

For each of these potentials we have evaluated the partition functions g, = 
= exp.(— E,/kT) and g’, = = exp.(— E’,/kT) at 0°, 40°, and 80° and—in the case of the 


harmonic oscillator—for a range of frequencies. The partition function for the perturbed 
oscillator proved to be very similar to that of the harmonic oscillator. The empirical 
constants were then found by which the temperature dependence of the ratios g’,/g, and 
similarly for g’,/g, can be expressed as nearly as possible in the form A exp. (B/RT). 

The results of these detailed calculations can be summarised as follows: in all three 
forms of potential function, A>1 and B>0 as we require. We find, however, that the 
conditions imposed on the quantity {g’ ol Got {g’ nln} are not sufficiently rigorous because 
of the estimated uncertainty of + 14 cals. in the ““B” term. In fact, the conditions in 
question can be satisfied by many combinations of quite reasonable assumptions about the 
thermal motions of the molecules in the liquid. Accordingly, we cannot work backwards 
from the observed vapour pressures to draw any definite conclusion of a quantitative nature 
about the potential hollow. On the other hand, the parabolic potential and the potential 
‘box ” do not differ drastically in the consequences they entail for the ratio po5,/Po,p,, 
and we are led to the conclusion that any acceptable form of potential would predict a 
temperature-independent factor for the vapour pressure ratio of 0-8—1-1, on the basis of 
the + 14 cals. uncertainty in the exponent. Even apart from this rather large uncertainty, 
we find that there would still remain a considerable uncertainty in the temperature- 
independent factor; however, in principle, the uncertainty in the exponent could be 
reduced by more exact and complete knowledge of the refractivities and the shifts in the 
infra-red absorption and the Raman scattering frequencies on passing from the vapour to 
the liquid. 


UNIVERSITY COLLEGE, LONDON. (Received, May 23rd, 1936.] 





213. Structure of Benzene. Part III. Raman Spectra of Liquid 
Benzene and Liquid Hexadeuterobenzene. 


By W. R. Ancus, C. K. INGotD, and A. H. LECKIE. 


(1) Methods.—The scattering spectrum of benzene has been studied by a large number of 
investigators from whose results it is possible to fix the frequency separations of the stronger 
lines with considerable accuracy, though the position is not quite so satisfactory with respect 
to intensities and polarisations. We have studied the Raman spectra of benzene and hexa- 
deuterobenzene, as well as of several partly deuterated benzenes, the results for which will 
be reported later; all these spectra have been photographed under somewhat greater 
dispersion than is commonly employed. We have measured photometrically both the 
peak intensities and the integrated intensities of the principal lines; the integrated 
intensities do not seem to have been determined previously. We have correlated the 
intensities for benzene and hexadeuterobenzene by photographing the scattering spectrum 
of an artificial mixture containing 50 mols. % of each. Finally, we have measured the 
polarisations of all the lines for which this measurement was practicable. 


A pparatus.—The photographs were taken with a Hilger E 390 glass prism spectrograph, 
which was housed in an air-thermostat with only the slit projecting. The exciting light was 
derived from a vertical quartz—mercury lamp, and was filtered for either the 4358 or the 4047 A. 
line as required. The tubes, which were of the usual form with a fused-on window at oue end 
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and a horn-shaped light trap at the other, were made of Jena G glass, had 2-5 c.c. effective 
capacity, and were sealed after introduction of the sample by distillation ina vacuum. They 
were mounted vertically on a reflecting prism close to the slit of the spectrograph (cf. Wood, 
Phil. Mag., 1928, 6, 729; Angus, Leckie, and Wilson, Proc. Roy. Soc., 1936, A, 155, 183). 

Frequencies.—The frequencies of the Raman lines were evaluated by Hartmann interpol- 
ation from copper arc lines. The dispersion being about 20 A. per mm., the error of measure- 
ment is one wave number; the concordance of the frequencies obtained from different plates is, 
however, sufficient to justify quoting the mean frequencies of the more easily cbserved lines to 
tenths of a wave number, although full significance cannot be given to the decimal. Our 
measurements for benzene are derived from seven and those for hexadeuterobenzene from 
fourteen plates. 

Intensities.—For the purpose of making intensity measurements, tracings of the spectra 
were taken by means of a Zeiss recording microphotometer. In principle, it is necessary to 
correlate the microphotometer deflection with the plate blackening, and the blackening with 
the light intensity for each wave-length. In practice, the quantitative comparison of light 
intensities at widely differing wave-lengths is a somewhat elaborate experimental problem, but 
it is easy, nevertheless, empirically to correlate microphotometer deflections with light intensities 
over a range of wave-length sufficiently large to include the isotopic frequency shifts in which we 
are interested, and yet sufficiently small to render negligible the error due to the variation of 
plate sensitivity with wave-length. We have done this by putting on each Raman plate a 
graded series of intensity standards obtained by photographing through the spectrograph the 
continuous spectrum of a tungsten filament of constant brightness. The exposures being con- 
stant, the amount of light entering the spectrograph was varied in known ratios by changing 
either the slit width or the distance of the light source from the slit, the former method being 
found on the whole to be the more convenient. The microphotometer tracings obtained from 
these standards (with the same settings of the instrument as those used in deriving the tracing 
of the corresponding Raman spectrum) enabled deflections to be directly correlated with intens- | 
ities. Of course, the error due to the variation of plate sensitivity with wave-length is not 
negligible when lines of widely differing frequencies are compared, and hence we record that the 
plates used were “‘ Ilford Double X-Press,” so that, should the sensitivity characteristics of these 
plates become available, the necessary corrections can. be applied. 

For the measurement of the peak intensity of a Raman line all that is necessary is to measure 
the deflection at the top of the microphotometer contour, translate this into an intensity, and 
then subtract the similarly determined mean intensity of the background on either side of the 
line. The measurement of integrated intensity involves measuring the deflections at various 
wave-lengths throughout the whole breadth of the line, replotting the contour on an intensity 
scale, and evaluating the area included by the new contour above the level representing the 
continuous background. When the contours of two lines merge so that neither can be measured 
completely, it has been assumed that each is symmetrical about its maximum. 

Polarisations.—The general arrangement was a modification of that described by Cabannes 
and Rousset (Ann. Physique, 1933, 19, 229). Filtered light from a vertical mercury arc was 
focused on the Raman tube by means of a lens, and the angle of convergence, 20, was measured. 
The scattered light emerging from the window at the bottom of the tube passed directly into the 
analysing system, which consisted of a brass tube, 22 cm. long and 1-9 cm. in diameter, containing 
a reflecting prism, a Wollaston prism, and a half-wave plate, so arranged that the two plane 
polarised components of the scattered light fall in adjacent positions, one above the other, on the 
slit. The light, entering downwards, is first reflected in a horizontal direction, and then split 
into its vertically and horizontally polarised components by the Wollaston prism. The half- 
wave plate, placed in the path of the vertically polarised component, brings its plane of polaris- 
ation into parallelism with that of the horizontally polarised component, thus ensuring the equal 
transmission of both components by the optical system of the spectrograph. A glass plate 
placed in the path of the horizontally polarised component compensates for loss of light by. 
reflection. The exit end of the tube containing this system was fitted with a brass plate 
bevelled to replace the Hartmann diaphragm of the spectrograph. By means of this apparatus 
(made for us by Messrs. Adam Hilger, Limited) good polarisation photographs were obtained 
with exposures of 24 hours. Microphotometer records of the two component spectra were then 
made, and the intensities of the lines in each were measured as described above. For any line, 
the ratio of the intensity in the spectrum of the horizontally polarised scattered light to the in- 
tensity in the spectrum for the vertically polarised component is the depolarisation factor p. 
Correction was made for the lack of parallelism of the incident light in accordance with Anantha- 
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krishnan’s formula p = puncorr, — (07/2) (Proc. Indian Acad. Sci., 1935, 2A, 133) where 0 is 
measured in radians. This correction is of itnportance only when the depolarisation factor is 
small. 

The measurement is subject to considerable experimental error, mainly owing to the smallness 
of the lines from which the microphotometer records have to be made, and the proportionate 
error of the intensity measurements is naturally greatest for the weak components of the highly 
polarised lines. For these lines (e.g., p = 0-08) the error in a single measurement of the depolar- 
isation factor may amount to 25%, but by taking the average of a number of independent deter- 
minations the uncertainty in the result has been reduced to 10%. For the depolarised lines, on 
the other hand, the error is smaller, since the component spectra are of comparable intensity, 
but here again we have sought to increase our accuracy by averaging a number of independent 
results. In all polarisation measurements we have used peak intensities, rather than integrated 
intensities, because it is simpler and can be justified on the following grounds. The lines fall 
into two fairly distinct classes, ‘‘ polarised ’’ lines for which 9 is of order 0-1—0-3 and “‘ depolar- 
ised ’’ lines for which p is close to its theoretical maximum, 0-86. For the polarised lines the 
value of p is greater in the rotational wings than in the Q-branch; but then the wings are so 
weak in comparison with the Q-branch that it is permissible to disregard them, especially as 
the observational error for these lines is considerable in any case. The depolarised lines, on the 
other hand, have a substantially uniform polarisation throughout their breadth, so that no error 
at all is introduced by using simply the centre of the Q-branch. 


(2) Benzene.—The Raman frequencies of benzene are presented in Table I as part of the 
experimental basis on which discussion will be founded. It is convenient to consider these 
frequencies under four headings corresponding to sections (a)—(d) of the table. Section 
(a) includes the eight strong or medium lines which have been observed by nearly all 
investigators. It will be shown that all these are fundamentals. A selection is given of the 
more accurate of previous frequency measurements, and these are averaged along with our 
own results. Section (b) contains fourteen weak lines the reality of which can scarcely be 
doubted, as they have been observed by different authors and for the most part with more 
than one exciting frequency. Any interpretation of the Raman spectrum of benzene which 
claims to be complete should be able to account for these lines. Section (c) contains sixteen 
additional very weak lines observed by Grassmann and Weiler, who have used much longer 
equivalent exposures than anyone else. Only two of these lines have hitherto been obtained 
by other authors, but indirect confirmation of some of them follows from the fact that we 
can assign them in accordance with the theory of selection rules; we believe that most (if 
not all) of these lines are authentic. Section (d), which is included for completeness, gives 
the four satellites of the strong line at 992 cm.~, the detailed structure of which has been 
intensively investigated. We assume that these weak lines do not provide a problem in the 
assignment of vibration frequencies, but represent essentially the rotational structure of the 
strong line, the contour of which overlaps the whole region occupied by this group. 
Gerlach (see below), however, has made the interesting suggestion that the strongest of the 
satellites, that at 984 cm."}, is really the strong line of the isotopic benzene ™C,8C 1Hg, 
which must be present to the extent of about 6% in ordinary benzene. 

Nine very weak lines which we consider to be of doubtful authenticity have been omitted 
from the table. Of these, two have been reported by Mesnage, one by Weiler, and six by 
Wood ; however, they have not been obtained by anyone else, not even by Grassmann and 
Weiler with their much longer exposures. The reported frequencies are: 439, 592 (Mes- 
nage), 2569 (Weiler), 2596, 2745, 2765, 2784, 3573, and 3627 cm.1 (Wood). Wood’s line 
at 2596 cm.! could be obtained only with helium excitation, and therefore may not have 
been correctly identified. The frequencies 2745, 2765, and 2784 cm." were not confirmed by 
Wood himself in independent investigations, whilst his remaining lines, 3573 and 3627 cm.*, 
have been re-interpreted by Lord as being in reality the strong 992 cm."! frequency excited 
by the mercury lines 4916 and 5461 A. 

The peak intensities of the principal Raman lines of benzene have previously been 
measured by Mesnage and by Carelli and Went. We record their results, along with 
our data for peak and integrated intensities, in Table II. In every case the intensity scale 
has been chosen to give the value 10-0 to the line 992 cm.*!. 
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TABLE I. 


Frequency Displacements of the Raman Lines of Benzene (cm.“). 


(a) Strong (s) and medium lines. 

(1). (2). (3) (s). (4). (5). (6). (7). (8) (s). 
849°1 991-3 1179-0 1583°6 1604°1 3046°9 3061°3 
848°7 991-2 1178°1 1583°4 1607°4 3048°5 3062°3 
850°0 992-2 1178°2 1585°5 1606°9 3047°9 3061-7 
847°6 992°4 1180°2 1584°8 1608-7 3046°2 3062-2 
849°7 992°6 1175°6 1585°9 1604-2 3048°3 3061°5 

This paper , 848°6 990-1 11771 1585°3 1607°3 3043°3 3062°3 
Mean , 848°9 991°6 1178°0 15848 1606-4 3046°8 3061-9 

References—A, Séderqvist, Z. Physik, 1930, 59, 446. B, Dabadghao, Indian J. Physics, 1930, 5, 
207. C, Nisi, Jap. J. Physics, 1930, 6,1. D, Mesnage, J. Phys. Radium, 1931, 2, 406. E, Klit and 
Langseth, Nature, 1935, 185, 956. Other measurements by: Raman and Krishnan, Indian J. Physics, 
1928, 2, 399; Proc. Roy. Soc., 1929, A, 122, 23; Cabannes and Daure, Compt. vend., 1928, 186, 1533; 
Daure, ibid., 1928, 186, 1833; Ann. Physique, 1929, 12, 375; Pringsheim and Rosen, Z. Physik, 1928, 
50, 741; Wood, Phil. Mag., 1928, 6, 729; Physical Rev., 1930, 36, 1431; Dadieu and Kohlrausch, 
Physikal. Z., 1929, 30, 384; Sitzungsber. Akad. Wiss. Wien, 1929, II, A, 188, 41, 607; Fujioka, Sci. 
Papers Inst. Phys. Chem. Res., Tokyo, 1929, 11, 205; Bhagavantam, Indian J. Physics, 1930, 5, 603; 
Langer and Meggers, Bur. Stand. J]. Res., 1930, 4, 711; Cleeton and Dufford, Physical Rev., 1931, 37, 
362; Weiler, Z. Physik, 1931, 69, 586; Cabannes, J. Phys. Radium, 1931, 2, 381; Hanle, Ann. Physik, 
1931, 11, 885; 1932, 15, 345; Placzek and van Wijk, Z. Physik, 1931, 67, 582; Krishnamurti, Indian 
J. Physics, 1931, 6, 543; Werth, Physical Rev., 1932, 39, 299; Wood and Collins, ibid., 1932, 42, 386; 
Simons, Soc. Sci. Fennica Comm. Phys.-Math., 1932, 6, 5; Grassmann and Weiler, Z. Physik, 1933, 
86, 321; Brodsky, Sack, and Besugli, Physikal. Z. Sovietunion, 1934, §, 146; Epstein and Steiner, 
Z. physikal. Chem., 1934, B, 26, 131. Cf. also Lord, J. Chem. Physics, 1936, 4, 83. 


(b) Weak lines. 
Ref. (9). (10). (11). (12). (13). (14). (15). (16). (17). (18). (19). (20). (21). (22). 
687 1029 1407 1477 — — 2455 2543 — 2928 2948 3164 3187 
677 1028 1402 1477 1690 2291 2451 2542 2618 2920 2948 3163* 3186* 
692 1034 1403 1480 1697 2296 2455 2545 2618 2927 2949 3166 3187 
685 1030 1404 1478 1693 2293 2454 2543 2618 2925 2948 3164 3187 


* Weiler’s values. 


References —F, Krishnamurti; G, Wood and Collins; H, Grassmann and Weiler, Jocc. cit. Other 
measurements by: Pringsheim and Rosen, Wood, Dadieu and Kohlrausch, Langer and Meggers, Weiler, 
Hanle, Dabadghao, Nisi, Séderqvist, Werth, Mesnage, Brodsky, Sack and Besugli, Jocc. cit.; Cabannes 
and Rousset, Ann. Physique, 1933, 19, 229; Cujumjelis, Praktika, 1932, 7, 242. 


(c) Very weak lines. 
(23). (24). (25). (26). (27). (28). — (29). (30). 
781 802 824 1285 1326 1449 1827 1936 
(31). (32). (33). (34). (35). (36). (37). (38). 
1988 2030 2128 2358 2688 3467 3680 3916 
References.—Grassmann and Weiler, Joc. cit.; line 24 also found by Krishnamurti, Joc. cit., and 
lines 23 and 24 by Nisi, Joc. cit. 


(d) Satellites of the strong line (992 cm.-). 

(39). * (40). (41). (42). 

979 984 [992] 999 1005 

References.—Grassmann and Weiler, Joc. cit.; Howlett, Nature, 1931, 128, 796; Canadian J. Res., 

1931, 5, 572; Epstein and Steiner, Joc. cit.; Bloch and Bloch, Compt. rend., 1933, 196, 1787; Specchia 
and Scandura, Nuovo Cimento, 1935, 12, 129. Line 39 was also found by Krishnamurti, and line 40 
by Mesnage, Weiler, Joc. cit., Gerlach, Sitz. Math.-Naturwiss. Bayer Akad. Miinchen, 1932, 39, and 
Bhagavantam, Proc. Indian Acad. Sci., 1935, 2, 86. 


The polarisations of the principal Raman lines of benzene have been studied in a more or 
less qualitative manner by several authors. As an example we quote in Table III the most 
recent results of Cabannes and Rousset : P means that the line is ‘‘ polarised,”’ 7.¢., its 
depolarisation factor is small, whilst D signifies that it is ‘‘ depolarised,” i.e., the factor p 
is of the order of its theoretical maximum, 6/7. Placzek and van Wijk have used an 
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TABLE II. 


Peak and Integrated Intensities of Principal Raman Lines of Benzene. 


Peak intensities. Integrated Peak intensities. Integrated 
P A —, intensities. P A . intensities. 

Line, This Line, This 
cm, M. C.W. paper. This paper. cm... M. C.W. paper. This paper. 
(1) 605°6 1°65 1:2 1°8 2°1 (5) 15848 1 _- 1°7 19 
(2) 848°9 0-7 0°85 0-9 0-9 (6) 1606-4 1 16 6 
(3) 9916 1 10°0 10°0 10°0 (7) 3046°8 = 336 —- 8 
(4) 11780 — 2°2 2°0 2°2 (8) 30619 6 6:0 
References.—M, Mesnage, /oc. cit.; C.W., Carelli and Went, Z. Physik, 1932, 76, 236. 
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accurate comparative method, which, although it does not give the absolute values of the 
depolarisation factor, shows up clearly small differences in the degree of depolarisation ; 
the method is especially important in its application to the so-called depolarised lines, and 
we quote the values obtained. Probably the most valuable of the previous absolute 
measurements of p are those of Simons, which are also given in the table along with our 
own results. The line at 3047 cm.~ is insufficiently separated from the stronger line at 
3062 cm. to permit a satisfactory measurement of the former, and for the same reason 
the value given for the latter is not up to the standard of accuracy of the other results. It 
is satisfactory, however, to observe that our absolute depolarisation factors for the first 
five depolarised lines vary amongst themselves in just the way that would be expected from 
Placzek and van Wijk’s comparative data. 


TABLE III. 


Depolarisation Factors or the Principal Raman Lines of Benzene. 
Absolute p. Absolute p. 


Line, ¢ ol — Line, p’. * —, 
cm}, P.W. C.R. S. This paper. cm.-!. PW: C.R. S. This paper. 
(1) 605°6 0-99 D 0°86 0°81 (5) 1584°8 \ 0-99 { D \ 0-89 f 0°81 
(2) 8489 0-90 D am 0-77 (6) 1606°4 f°“ D J L081 
(3) 9916 035 007 0°07 0-09 (7) 30468 \ ogg f D aan D 
(4) 11780 0°78 D 0°89 0°70 (8) 3061-9 J “O04 — 0°4 
(21) 3187 dat P ne — 

References.—P.W., Placzek and van Wijk, Z. Physik, 1931, 67, 582; C.R., Cabannes and Rousset, 
Ann. Physique, 1933, 19, 229; S, Simons, Soc. Sci. Fennica Comm. Phys.-Math., 1932, 6, 5. Other 
measurements by Carelli, Pringsheim, and Rosen, Z. Physik, 1928, 51, 511; Cabannes, Compt. rend., 
1928, 187, 654; Trans. Faraday Soc., 1929, 25, 813; J. Phys. Radium, 1931, 2, 381 (linear and circular) ; 
Daure, Ann. Physique, 1929, 12, 375; Bhagavantam, Indian J. Physics, 1930, 5, 603; 1932, 7, 79; 
Bar, Naturwiss., 1931, 19, 463; Helv. Phys. Acta, 1931, 4, 130; Hanle, Ann. Physik, 1931, 11, 885; 
1932, 15, 345 (circular); Bhagavantam and Venkateswaran, Nature, 1932, 129, 580; Venkateswaran, 
Phil. Mag., 1933, 15, 263. 








(3) Hexadeuterobenzene—The Raman spectrum of hexadeuterobenzene was first 
photographed (1934) by Murray, Squire, and Andrews, who, using a very small quantity 
of material, succeeded in observing a single strong line. Contemporaneously with our 
preliminary communication (1935) giving the frequencies (and an assignment) of the com- 
plete series of Raman fundamentals, publications by Klit and Langseth and by Wood 
appeared which also recorded the frequencies of the principal lines of this spectrum. Since 
that time we have increased the number and accuracy of our frequency measurements, 
and in Table IV we quote the more precise figures along with the data recorded by others. 

The upper part of the table contains the measurements for the seven lines of moderate 
to great intensity, which, as will appear later, are all fundamentals. Our frequency 
measurements for these should be correct to within one wave number. 

The lower part of the table contains the frequencies of nineteen weak lines. We have 
confidence in the reality of almost all of these, but would like to see independent confirm- 
ation of the line at 337 cm. which is very weak and inconveniently near to the exciting 
line. The error in our frequency measurements is greater for these weak lines, but varies 
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considerably from one line to another. Thus the lines at 1000, 1326, 1530, 1931 cm.*, 
and several others, are relatively easy to measure, and the mean frequencies quoted are 
probably not in error by more than 2cm.7 at most. On the other hand, very weak or diffuse 
lines like those at 337, 710, and 790 cm." are difficult to measure precisely, and hence the 
error may amount to 5 cm.! or even more. 

Several published results are omitted from the table as being either demonstrably in- 
correct or at best highly doubtful. The first relates to the double intensity maximum 
recorded by us for the rather broad line at 1558-6 cm.1: the use of larger dispersion and 
microphotometric control has shown that this maximum is single. The second is a line of 
Klit and Langseth’s having a frequency separation of 845 cm.!; this line appears on our 
plates when the mercury line at 4358 A. is used for excitation, but not when the 4047 A. 
line is employed, and we may therefore conclude that it is really the strong Raman fre- 
quency 945 cm."! excited by the mercury line 4338 A. The third is another of Klit and 
Langseth’s lines, having a frequency displacement 1569 cm.+: Dr. Langseth has 
privately communicated that this line was due to pentadeuterobenzene present as an iso- 
topic impurity in his sample. From the second section of the table we omit several weak 
lines recorded by Wood. Two of them, of frequencies 2617 and 2663 cm., were regarded 
as doubtful by Wood himself and we cannot confirm them. A third, frequency 2031 cm.1, 
was recorded as definite, but it does not appear on our plates in spite of longer equivalent 
exposures. The fourth is one of two lines of frequencies 3052 and 3108 cm. which Lord 
has suggested to be due to pentadeuterobenzene. As regards the former of these we agree 
with Lord : 3052 cm. is a frequency at which pentadeuterobenzene should have a strong 
line, and we know that the material used by Wood, which was that prepared by Bowman, 
Benedict, and Taylor, must have contained about 14% of pentadeuterobenzene (p. 915). 
As to the frequency 3108 cm., however, we differ from Lord on the interpretation of the 
evidence before him: the highest strong frequency of pentadeuterobenzene should lie 
some 50 cm.~! lower, and furthermore, the frequency 3108 cm.* is expected to appear in the 
spectrum of hexadeuterobenzene and can be assigned in accordance with the proper selection 
rules. Apart from these arguments, we have confirmed the presence of this line. 

Owing to the presence of pentadeuterobenzene in the specimens used by other workers, 
we have not averaged their results with ours : it is always possible for an isotopic impurity 
to give lines which, although not clearly separated from the lines of the principal compound, 
overlap them on one side, thus shifting the intensity maximum slightly and creating an error 
in the frequency. 

TABLE IV. 


Frequency Displacements of the Raman Lines of Hexadeuterobenzene (cm."). 


(a) Strong (s) and medium lines. 


(2). (3). (4) (s). (5). (6). (7) (s). 
o— 943 — — — 


869°8 946°6 1555-4 2266°8 2292-0 
873 945 1548 2266 2293 
867°2 944°7 1558°6 2263°9 2292-3 


(9). (10). (11). | (12). 3) (14). (15). (16). (17). 
710 750 790 976 1000 1327 1457 1530 1586 
(19). (20). (21). (22). (28). (24). = (25). (26). 
“—en om = a $e. 9088 
1931 2128 2145 2461 2510 2571 2739 # 3110 

References —M.S.A., Murray, Squire, and Andrews, ]. Chem. Physics, 1934, 2, 714; K.L., Klit and 
Langseth, Nature, 1935, 185, 956; W, Wood, J. Chem. Physics, 1935, 3, 444. 

* Cf. Nature, 1935, 185, 1033. 

+ Dr. Langseth has privately communicated his agreement with the presence of the line at 661 
cm.-!; it was on his plates, but was at first believed to belong to pentadeuterobenzene. 


The intensities and polarisations of the Raman lines of hexadeuterobenzene have not 
previously been measured. Table V contains our results for the peak intensities, integrated 
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intensities, and depolarisation factors of this compound. The scales of the peak and of the 
integrated intensities have each been chosen to give the value 10-0 to the strong line 945 
cm.. With regard to the depolarisation factors, it may be noted that, because the two 
high-frequency fundamentals of hexadeuterobenzene are more widely separated than are 
those of benzene, the weaker, corresponding to the line in benzene which could only be 
qualitatively examined for depolarisation, can be measured, although not very exactly ; 
whilst the stronger, corresponding to the benzene line which could be measured only approx- 
imately, can in hexadeuterobenzene be measured with some precision. Apart from this 
difference the previous remarks concerning errors remain applicable. 


TABLE V. 


Peak and Integrated Intensities and Depolarisation Factors of the Principal Raman 
Lines of Hexadeuterobenzene. 


Intensity. Depolaris- Intensity. Depolaris- 
; ~ ation z ~ ation 
Line, cm.-}. . Integrated. factors (p). Line, cm.-!, Peak. Integrated. factors (p). 
(1) 576°7 , 1-2 0°76 (5) 1558°6 15 2-0 0°82 
(2) 661-2 : 1-4 0°87 (6) 2263-9 32 61 0-7 
(3) 867-2 , 2°3 0°81 (7) 2292-3 6-0 10°6 0°35 
(4) 944-7 : 10-0 0-08 








Finally, it was necessary to correlate the arbitrary units of intensity adopted for benzene 
with those used for hexadeuterobenzene. By measuring the peak and integrated intensities 
of the lines given by an artificial mixture containing 50 mols. °% of each compound we found 
that our units of integrated intensity were substantially identical, as they should be. On 
the other hand, our unit of peak intensity for hexadeuterobenzene was some 8—10% 
greater than the corresponding unit for benzene. Comparing the lines which for each 
spectrum had been used as the intensity standard, and making now the benzene line the 


fundamental standard we have : 
C,H, (992 cm"). C,D, (945 cm). 
Peak intensity 10°0 10°8 
Integrated intensity 10°0 9°8 


The difference between the scales of peak intensity is obviously due to the greater 
rotational spreading of the lines of benzene than of hexadeuterobenzene. All the lines of 
the latter are perceptibly narrower on the microphotometer records than the corresponding 
lines of benzene, as would be expected from the difference between the moments of inertia 
of these molecules. Indeed, the square roots of their moments of inertia differ by 10%, 
and this is practically the difference of the peak intensity scales as it ought to be. 

The assignment of the frequencies will be considered in Part VIII. 


UNIVERSITY COLLEGE, LONDON. [Received, May 23rd, 1936.] 





214. Structure of Benzene. Part IV. Infra-red Absorption Spectra of 
Benzene and Hexadeuterobenzene both as Vapour and as Liquid. 


By C. R. Bamey, J. B. Hare, C. K. INcop, and J. W. THOMPSON. 


(1) Methods.—Notwithstanding many previous investigations, our knowledge of the 
absorption spectra of benzene in the region containing the fundamental vibration fre- 
quencies is markedly imperfect owing to lack of either accuracy or range in the observations, 
and to inadequate agreement between them. Many workers have used liquid benzene, 
though some have employed the substance as vapour; but it has never been made clear 
whether the spectra given by the liquid and the vapour are the same or different : some 
comparisons indicate one conclusion, others the opposite. No one has used the same sample 
both as liquid and as vapour in a general survey of the spectrum, thus eliminating the 
possibility that any bands observed in one case but not in the other are due to impurities. 
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We have investigated as precisely as possible the absorption spectrum not only of benz- 
ene but also of hexadeuterobenzene over a range larger than is necessary to include all of 
the active fundamentals, and in each case have made a detailed study of the forms of the 
principal band heads. In each case also we have used the same specimen of highly purified 
material both in the form of vapour and as liquid. We shall show that the spectra given by 
the liquids and by their vapours are markedly different and that the liquid spectra, though 
they are most instructive when the spectra of the vapours are known, can be very misleading 
in the absence of that knowledge. In the case of benzene, indeed, the liquid spectrum 


has proved misleading. 


A pparatus.—This was essentially the monochromator arrangement described by Bailey and 
Cassie (Proc. Roy. Soc., 1931, A, 182, 252). It was necessary, however, to supplement the series 
of optical systems employed by them by a potassium bromide system in order to extend the 
range of the apparatus in the long-wave region of the spectrum. Another modification, which 
greatly facilitated the readings, was the introduction of a photo-electric relay into the galvano- 
meter system. We shall refer to this, but need not describe the whole apparatus since this has 
been done before; however, its main principles may be indicated sufficiently to clarify a 
discussion of the errors. 

Light from a Nernst filament is condensed on the first slit, S,, of the spectrometer, a Hilger 
constant-deviation instrument, and after passing through the prism emerges through the second 
slit, S,. The prism is mounted on a turntable controlled by a drum by means of which the wave- 
length of the emerging light can be read. The wave-length is also controlled by the exact 
orientation of a Wadsworth mirror at which the resolved light undergoes reflexion within the 
spectrometer, so that, when a prism has been mounted on the table, the proper drum reading 
can be made to correspond to a standard wave-length by rotating this mirror. The mirror is 
set by observing the emergence of the mercury green line from S, when the Nernst filament is 
temporarily replaced by a mercury arc, and a convenient check on the setting is obtained by 
measurement of the 4-26 yu band of carbon dioxide, of which sufficient for this purpose is always 
present in the atmosphere. For observations on vapours, the light emerging from S, is reflected 
by a movable mirror through either of two identical absorption tubes, one containing the vapour 
and the other evacuated, and is then received by one of a pair of coupled thermopiles. For 
observations on liquids the two tubes are replaced by two identical cells, one full and the other 
empty. The thermopiles are connected to a sensitive Zernicke B galvanometer, which is criti- 
cally damped for the resistance of the thermopiles. The light from this instrument falls on the 
dividing line of a split photo-electric cell, and this is coupled with a second, less sensitive gal- 
vanometer, the deflections of which are many times greater than those of the primary galvano- 
meter. A micrometer screw attached to the carriage bearing the photo-cell enables the zero 
of the secondary galvanometer to be adjusted. The lamp of the primary galvanometer is, of 
course, lit from constant voltage. The primary galvanometer, its lamp, and the photo-cell are 
mounted together on an anti-vibration support constructed on the same principles as those 
applied in relation to the simple galvanometer system previously in use. The slit-widths 
used, and the spectral regions included therein, are those specified by Bailey, Cassie, and Angus 
(Proc. Roy. Soc., 1930, A, 180, 133). 

Errors.—There are four principal sources of error. The first is the error in the drum reading, 
which is about 3” of arc in the orientation of the prism table, and is equivalent to 0-003 p in a 
single determination of wave-length. The second is the error, about 5’ of arc, in the setting of 
the prism at minimum deviation: this is equivalent to 1-5” of arc in the position of the turn- 
table, and thus to 0-0015 u in terms of wave-length. The third error arises from the fact that the 
prism, although thermally insulated, is not maintained at a strictly constant temperature. Its 
temperature, however, is read both during the setting of the Wadsworth mirror and during the 
absorption measurements, and corrections for the temperature-dependence of the refractive 
index of the prism are applied. Provided the temperatures are accurate to 0-3°, there should be 
no sensible error due to temperature in the corrected data. A fourth possibility of error arises 
in the setting of the Wadsworth mirror since it is necessary to judge when the monochromatic 
image of the slit S, comes into best coincidence with slit S, by observing the point at which 
the intensity of the emergent green light is a maximum. This error is quite small, and on the 
whole the maximal uncertainty in a single measurement of wave-length may be placed at 0-905 pu. 
All the band heads are measured several times, so that the error in the mean wave-lengths quoted 
should be somewhat less than this. However, taking the error as 0-005 u, we obtain for the maxi- 
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mal uncertainty in the frequencies: 5 cm.-! at 3000 cm.-, and 1 cm.-! at 500 cm.-!; these 
frequencies correspond to the two ends of the spectral range containing the fundamental bands 
of benzene and hexadeuterobenzene. 


(2) Benzene——Apart from certain observations on the detailed structure of particular 
bands, the infra-red spectrum of benzene vapour has been investigated on four previous 
occasions. First, Lambert and Lecomte (1932) described a spectrum, which (as will appear 
later) is closely similar to that given by liquid benzene, and in particular is characterised by 
three strong bands at about 8-6, 11-8, and 12-9. Secondly, Kettering and Sleator recorded 
a markedly different spectrum, from which, notably, the three bands mentioned are com- 
pletely absent. Thirdly, Titeica obtained a spectrum having intermediate character : 
the band at 8-6 » was prominent, whilst those at 11-8 and 12-9 » although present were less 
pronounced ; nevertheless, Titeica remarked on the differences between his results and the 
data which had been recorded for the liquid. Fourthly, Barnes and Brattain recorded a 
spectrum generally similar to that of Kettering and Sleater but with two additional well- 
marked bands, one indeed prominent, at 12-4 and 13-35. These data together with our 
principal results for benzene vapour are given in Table I. Our spectrum confirms that of 
Kettering and Sleator in all main features and does not reveal any of the additional promi- 
nent bands referred to above; neither does it show the continuous deep back-ground of 
absorption obtained by Lambert and Lecomte and by Titeica, nor the semi-continuous 
back-ground of overlapping bands recorded by Barnes and Brattain. Our spectrum is, 
however, considerably more accurately measured than that of Kettering and Sleator and 
contains several very small bands not observed by them. We agree closely with them with 
regard to the intensities of the principal bands; for instance, we find the 3-247» band 
to be considerably stronger than the 5-553 u band, and comparable in intensity with the other 
outstanding bands at 6-773, 9-644, and 14-90 u. In order to keep sight of the salient features 
of this spectrum, the entries in Table I are restricted to the wave-lengths of the central 
absorption maxima of the more important bands lying within the spectral range of the 
fundamental frequencies. These bands have furthermore been divided into three categories 
of intensity, the most intense being shown in Clarendon type, those of intermediate intensity 
in italics, and those of least intensity in ordinary type. 





















TABLE I, 














Wave-lengths (in w) of the Principal Absorption Maxima in Benzene Vapour. 
Bide? cacvecsoseebtagsesses [Beyond range of observation] 6°8 _— — 86 
Beh nseessencchppesinans 3°45 — 52 5°6 6 68 7°25 — _ 
Bs. Sibiseedecencdd Oegtscees 3°25 4°50 5°00 5°66 — 6°67 — 7:97 8°55 
LS eer. cere 3°25 4:45 515 5°60 6°18 6°77 7°32 —_ —_ 
Oe PROT oi og- 000. ‘ 4370 5089 65633 6185 6783 #7°261 —_ _ 
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Seeman ewe ewes eeeeeees 






FES, cccccssccceb scuve tens 9°65 — — — — — — 14:95 
 eeaecanagionen a7) 965 1058 1130 1190 — 1292 — 14°75 
MAL, axnsccecbochedghostus 9°76 — —_— _— 12°41 = 13°35 [Beyond range] 
This paper ........... 9-644 -- -- _ — — —_ 14:90 





References.—L.L., Lambert and Lecomte, Ann. Physique, 1932, 118, 329. K.S., Kettering and 
Sleator, Physica, 1933, 4, 39. T., Titeica, Bul. Soc. Romdne Fizica, 1933, 35, 89. B.B., Barnes and 
Brattain, J. Chem. Physics, 1935, 3, 446. Further observations on bands below 3 yp by Dreisch (2. 
Physik, 1924, 30, 200). Observations on particular bands by Meyer, Bronk, and Levin (J. Opi. Soc. 
Amer., 1927, 15, 257), Silverman (Physical Rev., 1932, 41, 486), and Leberknight (ibid., 1933, 43, 971). 


Our detailed results for the wave-lengths of the absorption maxima together with the 
corresponding frequencies and intensities are assembled in Table II (where 2 = wave-length, 
and v = frequency). Asa measure of intensity we record the percentage absorption at 4-0 
cm. vapour pressure in an absorption tube 45 cm. long. A general map of the vapour 
spectrum is shown in Fig. 1 (p. 934). Concerning the different widths of the bands appear- 
ing on this graph, it will be appreciated that since dv/da = — (1/2*) the scale of wave- 
lengths is much more open with respect to frequencies at the long-wave than at the 
short-wave end; ¢.g., 25 times more open at 15 » than at 3 p. 
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The forms of the principal bands are shown on more expanded scales in Figs. 
5—10. In order more effectively to bring out the contrasts, these curves are plotted 
for vapour pressures chosen in each case to give between 30% and 70% of absorption at the 
chief intensity maximum. These vapour pressures are noted under the graphs. 


Fie. 5. Fic. 6. Fic. 7. Fic. 8. Fic. 9. Fic. 10. 
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Per cent Absorption. 
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yy — ———r T T ——— 0 — 

32 33 34 G9 51'S. O je 56 50” 66 67 68 095 37 99 ° ut m6 10 Be 
Wave-length, wu. 

Fic. 5.—C,H,, 3080 cm.! (6 = 1:0 cm.). lic. 8.—C,H,, 1485 cm.-! (p = 1:2 cm.). 

Fic. 6.—C,H,, 1965 cm.' (pb = 4:0 cm.). Fic. 9.—C,H,, 1037 cm. (p = 1°9 cm.). 

Fic. 7.—C,H,, 1808 cm.-! (p = 4:0 cm.). Fic. 10.—C,H,, 671 cm.-! (p = 0°8 cm.). 


The very strong band at 3-247 » shows two distinct maxima, and we believe it to represent 
a real doublet (due, as will be suggested in Part VIII, to resonance splitting). The separ- 
ation of the maxima, 38 cm.}, seems too great to be considered as a rotational P — R 
frequency difference; moreover, the corresponding band in hexadeuterobenzene has only 
a single maximum. The bands at 5-089 » and 5-533 u are both single. The contour of the 
former, however, shows the presence of a very small band at 5-245 p, which is too largely 
overshadowed by its tall neighbour to be observed as a clearly resolved intensity maximum. 
The contour of the 5-573 » band exhibits shoulders which suggest that a greater resolution 
would reveal a symmetrical P-Q—R-form. The very strong band at 6-733 u has a well- 
developed P-—Q—R-form with the right kind of frequency separation. The third very 
strong band at 9-645 u has a somewhat less well-marked P—Q—R-form, again with a similar 
frequency separation. The fourth very strong band at 14-90 again has P—Q—R-form, 
but the P- and R-branches are stronger than the Q-branch. We expected the reverse 
because Kettering and Sleator, who resolved the three branches of this band, record the 
Q-branch as the strongest. However, it happens that atmospheric carbon dioxide has an 
absorption band in exactly the position of the Q-branch, so that it is impossible to measure 
its intensity accurately without some substitution device such as we have used. In Part 
VIII we shall identify this band as being of the “ parallel” type, and for such bands in 


TABLE II. 


Wave-lengths, Frequencies, and Intensities of the Infra-red Absorption Maxima of 
Benzene Vapour. 


P-R- P-R- 
Ab- Fre- or Ab- Fre- or 
sorp- quency Doublet sorp- quency Doublet 
tion of Q-  separ- tion of Q-  separ- 
No. A (yz). v(cm.-!). (%). branch.* ation. No. A(z). v(cm.-'). (%). branch.* ation. 
(a) Strong (s) and medium bands. (b) Weak bands. 
3°227 3098 ‘ , 7 4°370 2288 18 2288 — 
1(s) {3-967 3081 308037 8 618 1617 13 1617 — 
2 5089 . 1965 ‘ 1965 9 7°261 1377 15 1377 -- 
3 5533 +1808 1808 
6678 1497 (c) Very weak bands. 
4(s) <6°733 1486 1485 2: 10 3500 862 . 2857 
6°784 1474 ll 6245 iy , 1906 
9542 1048 12 8°06 1240 
5 (s) <9°644 1037 1037 y 13 8°74% 1143 
9749 1026 14 10°40 962 


1462 684 12-39 
6(s)21490 671 671 26 15 {i584 779 } (793) 
15°20 658 


* Or mean frequency of doublet. 
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the spectrum of a ‘‘ symmetrical top ’”’ molecule (#.e., a molecule with two of its principal 
moments of inertia identical) it is possible approximately to calculate the P—R-separation 
from the appropriate molecular moment of inertia (Gerhard and Dennison, Physical Rev., 
1933, 48, 197). Calculation gives 26 cm.4, which is the separation observed. 

(3) Benzene (Liquid).—The first comprehensive investigation of the infra-red spectrum of 
liquid benzene is that of Coblentz (1905) whose measurements cover nearly the whole range 
of the active fundamentals. It has since been investigated over considerable although 
smaller ranges by Bell (1925) and Daugherty (1929). The results of these authors together 
with our data are given in Table III, where once again the entries are restricted to the 
principal absorption maxima in order not to submerge the salient features of the spectrum 
in the detail; furthermore, the figures are confined to the spectral range containing the 
active fundamental frequencies. Bell did not record his frequencies, and the figures 
ascribed to him are obtained by measurement from his published curve. It will be seen that 
the different observers are in substantial agreement : all the omissions from the lists of the 
previous workers are simply due to poor resolution, for the presence of the bands in 
approximately the positions in which we find them can be observed from the shoulders and 
inflexions contained in the curves given by these authors. 


TABLE ITI. 


675 — 867 978 11°8 12°95 [End of range] 
. ‘ 67 72 $5 $97 °#11°8 (End of range} 
ee ‘ i ‘ 6°74 7°16 [Beyond range of measurements] 
This paper P , P j 2 6°757 7:241 8547 9680 11°78 12:94 14 
Vapour : , , — 6733 7261 — 9644 — — 1490 
results . 6°185 
References.—C., Coblentz, ‘‘ Investigations of Infra-red Spectra. Part I,’’ Carnegie Institute of 
Washington Publications, 1905, No. 35, pp. 136, 144, 231. B., Bell, J. Amer. Chem. Soc., 1925, 47, 2814. 
D., Daugherty, Physical Rev., 1929, 34, 1549. Observations in the short-wave region by Puccianti 
(Physikal. Z., 1899—1900, 1, 496), Ellis (Physical Rev., 1924, 28, 48), Dreisch (Z. Physik, 1924, 30, 
200), Marton (Z. physikal. Chem., 1925, 117, 97), Pettit (Astrophys. J., 1927, 66, 48), Barnes and Ful- 
weiler (J. Amer. Chem. Soc., 1927, 49, 2034; 1928, 50, 1033; Physical Rev., 1928, 32, 618) and Buss 
(Z. Physik, 1933, 82, 452). Observations on particular bands by Barnes (Physicai Rev., 1930, 35, 1524; 
36, 296) and Silverman (ibid., 1932, 41, 486). 


A comparison of the wave-lengths for the liquid with those of the vapour, which have 
been copied from Table I into the last two lines of Table III, shows that all the main bands 
of the vapour spectrum appear in the liquid spectrum. The two vapour bands at 4-370 and 
6-185 » are not realexceptions. The former, which is single in the vapour, is replaced in the 
liquid by two bands which, being of rather low peak intensity, are omitted from Table III. 
The latter, if present with the same wave-length in the liquid, would not be observed as a 
separate maximum owing to the proximity of the new strong band at 6-272. The chief 
characteristics of the liquid spectrum consist in the appearance of a number of new bands, 
the three strongest of which (apart from the one just mentioned which so nearly coincides 
with a vapour band) have just those frequencies which have been found by at least two other 
workers, but not by us, in the spectrum of the vapour. We therefore consider that the 
observation of these bands in the vapour spectrum is to be ascribed to the use of too high 
vapour pressures and to the consequent condensation of liquid films on the end-plates of 
the absorption tube. We can offer no suggestion, except the obvious one that impurities 
were present, to account for the remaining vapour bands observed either by Titeica only or 
by Barnes and Brattain only, but not by ourselves. 

Our general map of the liquid spectrum is reproduced in Fig. 3 (p. 935). In all, it shows 
eight new bands (one double) measurable as distinct maxima in the spectral region of the 
fundamentals, two new bands observable as inflexions only, and the replacement of one of 
the old bands by two. Furthermore, the bands of the short-wave region (below 3 yu), 
which > the vapour were too weak for accurate measurement, show up as five sharp 

30 
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easily measurable maxima. The identities of all these bands. will be considered in 
Part VIII. 

The wave-lengths, frequencies, and intensities of the absorption maxima given by the 
liquid benzene are recorded in Table IV, in which the bands are numbered as far as possible 
to correspond to the bands of the vapour; numbers above 15 denote bands which do not 
appear in the spectrum of the vapour and these are further distinguished by asterisks. 
As a measure of intensity we give the percentage absorption in one or both of the two. cells 
used. In the thicker of these the optical plates were separated by an annular metal washer 
of 0-76 mm. thickness; the other cell was similar except that the thickness of the washer 
was only 0:03 mm. In either case the effective thickness of the liquid film enclosed in the 
cell would be somewhat greater than the thickness of the washer. 


TABLE IV. 


Wave-lengths, Frequencies, and Intensities of the Infra-red Absorption Maxima of 
Liquid Benzene. 


Absorption, %. Absorption, %. 


| | Te | 
Thick Thin Thick Thin 
No. A (x). y (cm.-*), film. film. No. A (pz). v (cm.-}). film. film. 
(a) Strong (s) and medium bands (3—22 yp). (b) Weak bands (3—22 yp). 
1 (s) 3°257 3070 100 91 7—8 — _- (obscured) 
2 (s) 5-094 1963 90 83 10—15 -- — (obscured) 
3 (s) 5°525 1810 97 90 *21 4244 aos, 2290 f.45 _ 
4 (s) 6°757 1480 99 91 *22 4-499 2223 ““"" \.45 — 
5 (s) 9°680 10383: 100 96 *23 3°804 2629. 50 _ 
6 (s) { 14°60 685.\ 671 { 100 *24 6°540 1529 (overlapped) 
15°20 658 J 100 87 *25 7°703 1298 45 — 


9 7°241 1381 77 *26 ca.10°15 ca. 985 (inflexion: only) 
*16 5991 1669 52 *27 ca.16°40 ca. 610 (inflexion only) 
#17 (s) {Sain 1604) 


{85 

6313 168459 | 95 (c) Medium. (m) and weak bands (below. 3p). 
*18(s) 8547 1170 95 +28 1-671 5984 25. 7 
*19(s), 11-78 849 92 #29. 2172 4604 40 

#20 (s) 12°94 773 90 *30 (m) 2-463 4060. 52 

*31(m)  2:703 3700 48 

*32 (m) 2736 3655 47 


* See above. 


(4) Hexadeuterobenzene (Vapour).—We have already briefly described the spectrum of 
this substance ina preliminary note, and independently, a description of it has been given 
by Barnes and Brattain. Neither of these. reports, however, covered: the whole range of 
the active fundamentals. We.have since extended the range: of our measurements to do 
this, and at the same time have increased their accuracy and made the whole survey more 
thorough, so that we can now amplify and-correct the former record. Our spectrum, whilst 
agreeing, as far as the ranges coincide, with that of Barnes and Brattain as regards the five 
strongest bands, is on the whole much.simpler, and‘contains a number of transparent regions 
which in Barnes and: Brattain’s diagram are. filled with complicated band-groups, 
many of them not particularly weak. A, possible explanation of this difference is suggested 
by the circumstance that it is most marked’in the region of 3-2 », where Barnes and Brattain 
find rather strong absorption whereas we have complete transparency. This is a region in 
which all hydrocarbons containing light hydrogen possess active frequencies and: penta- 
deuterobenzene is expected to have four active fundamentals in this neighbourhood. It 
seems clear that this impurity was affecting Barnes and Brattain’s results, not only from the 
internal evidence, but also because the specimen used by them was obtained from Bowman, 
Benedict, and Taylor whose recorded density indicates the presence of about: 14° of:penta- 
deuterobenzene (see Part II), On.account;of the purity question, we limit the comparison 
in Table V to the five strong bands already mentioned and to one-other which-is only just 
under the limit of intensity below which.the divergence of the-two sets of results becomes 
considerable. Table V is an abridged table.and is intended for-comparison with: Table I; 
the same conventions.are employed for. the-indication of intensity. 





Structure of Benzene. Part IV. 939 


TABLE V. 


Wave-lengths (in ») of Principal Absorption Maxima of Hexadeuterobenzene Vapour. 


B.B. 6°22 6°95 7°57 8-72 12-55 [End of range] 
This paper * 6189 6897 7503 8666 1280 19-90 


References.—B.B., Barnes and Brattain, J. Chem. Physics, 1935, 3, 446. 
* Cf. Nature, 1935, 136, 680. 


A general map of this spectrum is reproduced in Fig. 2 (p. 934), and enlargements of 
most of the principal bands are given in Figs. 11—16. The intensities shown in Fig. 2 
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are directly comparable with those in Fig. 1: the vapour pressures were the same and 
the same absorption tube was used for benzene and hexadeuterobenzene. The vapour 
pressures (p) at which the contours of the separate bands were plotted are indicated under 
the corresponding diagrams. 

The very strong band at 4-359 », which corresponds to the double band in benzene at 
3-247 u, shows only a single maximum; although a greater resolving power might reveal a 
sinuous contour due to P~Q—R-separation at the top of the band, there are certainly no 
signs of the strong doublet splitting visible in the benzene band. The contour of the moder- 
ately strong band at 6-189 » suggests the presence of a distinct band at 6-135 u, which over- 
laps the main band and thus gives a dissymmetric appearance to what would otherwise 
have been a normal P-Q—R-formation. Thestrong band at 6-897 » shows a single maximum. 
That at 7-503 », which we believe to correspond to the benzene band at 6-733 », shows the 
same kind of P—Q—R-structure although the resolution is not quite so complete in the hexa- 
deuterobenzene band; the latter has the smaller P—R-separation as would be expected from 
the greater moment of inertia of the hexadeuterobenzene molecule. The band at 8-66u 
exhibits the normal P-Q-R-form. The very strong band at 12-30 u, which corresponds to 
the benzene band at 9-644 », shows, like the latter, a P-Q—R-structure ; but the hexadeutero- 
benzene band contains a small extra maximum at 12-11 yp, which we provisionally 
account for by assuming the presence of a distinct band at this wave-length. As can 
be seen from Fig. 2, the form of the very strong “‘ parallel” band at 19-90 is generally 
similar to that of the corresponding band at 14-90 » in benzene, but we do not give an en- 
largement of the former as we were troubled when mapping it with stray radiation which 
rendered the intensities rather inaccurate and probably gave to the contour the unsymmetri- 
cal form shown, which we believe to be fictitious. 

The complete list of wave-lengths, frequencies and intensities of the absorption maxima 
of hexadeuterobenzene vapour are given in Table VI. As before, we record as the measure 
of intensity the percentage of absorption in a tube 45 cm. long by vapour at 4-0 em. 
pressure. 

(5) Hexadeuterobenzene (Liquid)—This spectrum has not been previously studied. 
As with benzene, the spectrum of liquid hexadeuterobenzene differs mainly from that of the 
same substance as vapour in that the former contains a number of extra bands. This 
will be seen from the general map of the liquid spectrum reproduced in Fig. 4 (p. 935), 
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TABLE VI. 


Wave-lengths, Frequencies, and Intensities of the Infra-red Absorption Maxima of 
Hexadeuterobenzene Vapour. 


P-R- P-R- 
Ab- Fre- or Ab- Fre- or 
sorp- quency Doublet sorp- quency Doublet 
v tion of Q- _ separ- v tion of Q-  separ- 
No. A(x). (cm). (%). branch.* ation. No. A(z). (cm). (%). branch.* ation. 


(a) Strong (s) and medium bands. (b) Weak bands (4—22 yp). 
1 (s) 4359 2294 2294 7 5910 1692 14 1692 
6°158 1624 8-606 1162 23 
2 6°189 1616 1616 8 8°666 1154 27 1154 
6°221 1608 8°727 1146 24 
6°897 1450 1450 
{7.30 1342 (c) Very weak bands (4—22 yp). 


7503 1333 1333 9 5°376 1860 4 1860 
7554 1324 : 6135 1630 (over- 1630 


12°17 822 lapped) 
5 (s) < 12°30 813 813 7-219 1385 ca.5 1385 
12°44 804 8-251 1212 4 1212 
19°49 513 13 9-820 1018 ot 1009 

19°90 503 503 2 10°00 1000 4 
20°28 493 14 += 10°80 926 4 926 
15 =1211 826 (over- 826 

lapped) 


(a) Weak band (below 4 y). 
2200 4545 19 4545 


* Or mean sata of doublet. 


6 (s) 


or from the wave-lengths and frequencies given in Table VII. All the main bands of the 
vapour spectrum, and most of the weak bands also, appear in the spectrum of the liquid; 
the only exceptions are two weak bands, which in the vapour spectrum are only just 
clear of large bands, and in the liquid spectrum disappear with the broadening of the latter. 
There are in the liquid spectrum eleven new bands, ten appearing as distinct maxima, 
mostly of moderate intensity, and the eleventh showing only as an inflexion. Eight of the 
eleven new bands lie in the spectral region of the fundamentals, and three on the short-wave 


side of this. 
TABLE VII. 


Wave-lengths, Frequencies, and Intensities of the Infra-red Absorption Maxima of 


Liquid Hexadeuterobenzene. 
No. A (pu). vy (cm.-!). Absorption, %. No. A (yz). vy (cm.-). Absorption, %. 
(a) Strong (s) and medium bands (4—22 yp). (b) Weak bands  (e—28 p)- 
1 (s) 4°380 2283 92 10 (obscured) 
2 (s) 6°178 1619 69 11 rh 178 1393 ca. 10 
3 (s) 6-878 1454 63 12 8-213 1218 3 
4 (s) 7°508 1332 80 13 9°883 1012 10 
5 (s) 12°33 811 92 Js a — (obscured) 
19°25 520 ca. 11-9 ca. 840 (inflexion only) 
8(s) 120-00 — = #24 17-21 581 ahha 
7 5°917 1690 25 
8 8°627 1159 56 (c) — (m) and weak bands (below 4 ah): 
9 5°358 1866 18 2°210 4525 
14 10°81 925 27 025 (m) 2-810 3559 20 
*17 *6°444 1552 . 15 *26 (m) 3°038 3292 25 
*18 10°21 979 13 *27 3°445 2903 9 
*19 10°60 943 20 
*20 11-57 864 30 
*21 13-26 754 17 
*22 15-11 662 15 


In Table VII, Nos. 1—16 are numbered to correspond with the 16 bands of the vapour 
spectrum ; the eleven bands, Nos. 17—27, are distinguished with an asterisk. Two bands, 
Nos. 9 and 14, which appeared only very weakly in the spectrum of the vapour, have moder- 
ate intensity in the liquid spectrum, and hence are found in section (a) of this table though 
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they come into section (c) of Table VI. The measure of intensity is the percentage of 
absorption in the cell used, which was made by cementing the potassium bromide plates 
to the sides of an annular metal washer 0-07 mm. thick, the effective thickness of the liquid 
film being naturally somewhat greater than this. For the reason mentioned earlier, the 
intensity of the low-frequency band, No. 6, could not be measured accurately. 

The assignment of all these bands and their correlation with those of the benzene 
spectrum will be considered in Part VIII. 


UNIVERSITY COLLEGE, LONDON. [Received, May 23rd, 1936.] 





215. Structure of Benzene. Part V. Fluorescence Spectra of Benzene 
and Hexadeuterobenzene Vapour. 


By C. K. INGoLD and C. L. WILson. 


(1) General Principles.—It is well-known that vibrations can record their frequencies in 
the infra-red absorption spectrum only if they involve a periodic variation in the dipole 
moment vector, and in the Raman spectrum only if they give rise to an oscillation of the 
polarisability tensor. In very symmetrical molecules there are usually several normal 
vibrations which leave both the dipole moment and the polarisability invariant, and accord- 
ingly the frequencies of these vibrations cannot be observed in either of the spectra men- 
tioned. It thus becomes desirable to study other spectra, for which the appearance of 
vibrational frequencies is determined by different principles. One naturally turns to ultra- 
violet spectra for this purpose because the modes of nuclear vibration which can gain or 
lose quanta during an electron transition are determined by the change of shape which the 
molecule undergoes as a consequence of the electron switch, and by the nature of any 
vibrations which may already have been present in the initial electronic state. The pre- 
ceding papers bring our study of benzene and hexadeuterobenzene to the point at which, 
having done all that seems profitable in connexion with the infra-red and Raman spectra 
we must attempt to get further information about these molecules from their electronic 
spectra. 

In an ideally simple case we have to consider only one electronically excited state in 
addition to the ground state. Each of these states possesses a zero-point energy level 
(0-level) and a series of vibrationally excited levels corresponding to the successive quanta 
and combinations of quanta of the different normal vibrations. We may assume the 
temperature to be such that in thermal equilibrium hardly any of the ground-state mole- 
cules are vibrationally excited. It then follows that in absorption almost all molecules 
start from the 0-level of the ground state, and they finish, in proportions determined by the 
Franck—Condon theory, some on the 0-level of the excited state and some on each of the 
successive higher levels of each of those vibrational series belonging to the excited state 
for which the electron switch can set up the vibrations. Which vibrations will thus be 
excited we need not yet discuss, and it will suffice to remark that the totality of vibrations 
is broadly divisible into two groups, the “‘ allowed ’”’ and the “‘ forbidden,’”’ the former 
being those for which the probability of excitation may be great, and the latter those for 
which this probability is given by a simplified theory as zero and by a refined theory as small 
at most. Fig. 1 is drawn for an imaginary molecule with two normal vibrations, one allowed 
and the other forbidden in transitions from a “ vibrationless””’ state, 7.e., from a 0-level. 
Absorption is illustrated on the left-hand side. The spectrum will consist of a series of 
bands stretching from the 0-0-band (i.e., that representing transition between the two 
0-levels) towards the Schumann region, the spacing of the bands having the frequency of the 
allowed vibration. This, however, is a nuclear frequency of the electronically excited state, 
and we are more interested at present in the ground state. 

Hence we turn to fluorescence, the three steps in which are illustrated in the centre part 
of Fig. 1. The molecule is first excited by absorption of light of any wave-length or spec- 
trum of wave-lengths which will bring it to one or to several of the vibration-rotation levels 
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belonging to the electronically excited state. Next, the excited molecules lose vibrational 
energy by inelastic collisions, the whole excited assembly approaching statistical “ equi- 
librium” in which nearly all molecules occupy the 0-level of the excited state. Then, starting 
from this level the molecules fluoresce, some reaching the zero-level of the ground state 
and others the vibrationally excited levels of the ‘ allowed ” vibrations of the ground state. 
The rules controlling the excitation of vibrations are the same as for absorption, and hence 
the spectrum will have the same general character. However, the fluorescence spectrum 
will progress from the 0-O0-band towards the visible, and the spacing of the bands will be 
defined by the frequencies of vibrations belonging to the ground state. The preliminary 
excitation may be accomplished by high-frequency discharge as an alternative to the photo- 
chemical method, but this makes no difference to the spectrum, provided other conditions 
are the same. The essential conditions for observation of a pure fluorescence spectrum are 
that the excited molecule should live sufficiently long, and that molecular collisions should 
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be sufficiently frequent, to reduce practically all excited molecules to their zero-point level 
before emission. We can control the frequency of collisions by means of the pressure, and 
it follows that for fluorescence the pressure must be above a certain limit. 

The classical picture of the excitation of nuclear vibrations in these spectra is that the 
electron transition suddenly alters the positions at which the nuclei are in equilibrium 
before the nuclei themselves have had time to move (Franck’s principle), so that immediately 
following the electron change they start vibrating from their old positions towards their 
new equilibrium positions, past these and back again. In transitions from a “ vibration- 
less ’ state, therefore, all depends on the relation of the old equilibrium configuration to the 
new, and hence, if the molecule is highly symmetrical and the transition brings about no 
profound change of symmetry of the equilibrium configuration, the number of modes of 
vibration that can be excited is strictly limited. Of course, even a “ vibrationless ” state 
has its zero-point energy so that initially the nuclei are not at, but only near, their equi- 
librium positions : it is still true, however, that the number of modes of vibration that can 
be strongly excited in the circumstances mentioned is subject to severe restriction. This 
applies both to absorption and to fluorescence. If, however, the molecule is vibrating in 
the initial state in such a way that the electron switch often ‘‘ catches ”’ the molecule when 
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the latter is ‘‘ out of shape,’’ then the vibrations set up asa ‘consequence of the transition 
will be much more diversified. This is what happens m resonance emission, which is illus- 
trated on the right-hand side of Fig. 1. Ideally, the molecule is first excited by a definitely 
monochromatic radiation to some one vibrational level of the system belonging to the 
excited state ; and then, by maintaining a very low pressure, it is kept at that level until it 
emits. If the probability of excitation to the level corresponding to the frequency of the 
exciting light is small, the resulting emission spectrum will be feeble; but, provided that 
there are sufficiently few molecular collisions, the molecule can only emit from the level to 
which it was excited. This level will involve vibrations some of which may have lower 
symmetry than the molecule itself, and hence, on emission, vibrations of the ground state 
may be ‘excited which would not have appeared to any marked extent in the ordinary 
fluorescence spectrum. The resonance spectrum will commence with a band having the 
frequency of the exciting light and extend with complex overlapping spacings towards the 
visible. 

It will be clear from the foregoing why we have chosen the fluorescence and resonance 
spectra as those electronic spectra which are calculated most directly to assist our problem 
of elucidating the vibrations of the normal benzene molecule. In this paper we describe 
the fluorescence spectra of benzene and hexadeuterobenzene. These spectra are more 
complicated than has been represented in the ideal case described above, first because of the 
multiplicity of electronically excited states, and secondly because more than one type of 
vibration is excited in transitions from these states. 

The multiplicity of electron levels gives rise to an effect which can be understood from 
the following scheme for the fluorescence and absorption spectra of a molecule with 
just two levels, A and B. Let A be the 0-0-band for transition between excited state A 
and the ground state ; the fluorescence spectrum will then extend from A towards the visible 
V, and the absorption spectrum from A towards the Schumann region, S. Similarly the 
excited state B will give a 0-0-band at B, a fluorescence spectrum in region BV, and an 
absorption spectrum in region BS. In the region BA, therefore, the observed fluorescence 
will consist of as much of the B-fluorescence band series as can get out between the 
A-absorption bands; the rest of the B-fluorescence in this region will be re-absorbed, 
vibrationally degraded by inelastic collisions, and then again emitted as a reinforcement of 
the A-fluorescence spectrum. In the region AV, on the other hand, we shall observe an 
overlapping of the A- and B-fluorescence band systems. 


A 
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* | | , 
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Absorption | Fluorescence 
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The plurality of ‘‘ allowed” vibrations merely means that the transitions from the 
excited state will terminate, not on a single series of equally spaced levels belonging to the 
ground state, but on a complex array of levels, just as has been described in the foregoing 
simplified consideration of the resonance spectrum. 

It remains to indicate more definitely what tnodes of vibration are “ allowed ”’ in the 
fluorescence spectrum. Fratick’s principle tells us that in transitions from 4 vibrationless 
state the old equilibrium positions become turning points in the vibrations about the new. 
Hence, as Herzberg and Teller have pointed out (Z. physikal. Chem., 1933, 21, 410), only 
those vibrations can be strongly excited which preserve all symmetry common to the equi- 
librium configurations of the initial and final states (‘totally symmettical ” vibrations). 
How many quanta may be given to such vibrations will be determined in accordaiice with 
Condon’s quantum-mechanical extension of Franck’s principle. Strictly, any quantum 
number can appear, but those will have greater probability for which the classical vibration 
amplitude gives turning points agreeing more closely with the nuclear configuration as it 
stood before the transition. In practice, one finds a series of bands corresponding to the 
first few quantum numbers of a given vibration, and one of these bands is shown by 
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its intensity to represent the quantum number of greatest probability; the other band 
intensities fall off in either direction. 

(2) Experimental Method.—The apparatus to be described is more elaborate, and in 
particular the light source is more definitely monochromatic and some hundreds of times 
more powerful, than would have been necessary merely to photograph the fluorescence 
spectra of benzene and hexadeuterobenzene under the dispersion desired. We wished, 
however, to use the same apparatus for the resonance spectra, the light of which is very 
feeble owing to the necessarily great rarefaction of the vapour. The following account is 
therefore applicable to both the present investigation and that of the following paper. 


The fluorescence cell is shown in Fig. 2. It consists of a tube AB, through which the vapour 
can be passed, and a jacket CD, through which a liquid, to act as both a light-filter and cooling 
agent, can be circulated. The whole is of clear-blown quartz. There is an optically polished 
sealed-on quartz window at W, and a blown-out shoulder at S. The section FS was made 
conical to minimise axial reflexion. The seal E was put as close to W as was practicable, and 
the length EF was so chosen that, when W was centred against the slit of the spectrograph and 
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the tube was properly alined, the conical volume from which light is accepted by the spectro- 
graph nearly fills the whole width of the vapour tube at F. The shoulder S served a double 
purpose. First, it facilitated alinement, since light from a small source placed inside the 
spectrograph emerged from the slit and could be seen through S, or received on a screen placed 
behind S, when the alinement was true. Secondly, the comparison spectrum could be sent in 
through S, thus obviating the necessity for leaving a space between W and the slit to accommo- 
date a reflecting prism. The tubes B and D are arranged to permit the slipping on of the helical 
lamp over that end, and the tube C is slightly offset in order to allow the lamp to come as near 
as possible to the window W. The seal of the tube C is slightly blown-out to facilitate the escape 
of any gas bubbles formed by photochemical decomposition of the light-filter, and, as a further 
precaution against the bridging by gas bubbles of the space above the top of the vapour tube, 
the latter is sealed in slightly below the centre line of the jacket. 

The light-source is a helical mercury lamp (Fig. 2) with an arc-length of about 2-5m. It was 
constructed of clear-blown quartz by Messrs. The Thermal Syndicate Ltd., and provided with 
Swedish-iron electrodes and a neon filling. Nearly the whole of the output of this lamp is 
concentrated in the 2537 A. mercury line, and, as the lamp remains cool when running, the line 
is sharp; these are important factors for the work on the resonance spectrum. The lamp is 
constructed to carry 0-25 amp., but as its life was guaranteed only for 1000 hours at this current, 
we preferred to use 0-175 amp. at 1000 volts and lengthen the exposures, especially as the lamp 
had ample power. When in position over the fluorescence tube, the lamp was completely 
enclosed, except its electrode chambers, by a cylindrical aluminium mirror with plane ends cut 
out to permit projection of the ends of the vapour tube. No air blast was used, as the temper- 
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ature of the absorption tube did not rise above 30° even when the cooling coil used to keep the 
light-filter cold was not being employed. 

The joints of the vapour tube, A and B, were connected through Pyrex tubes of appropriate 
resistance to gas-flow to two traps, between which, after complete evacuation of the apparatus, 
the benzene or hexadeuterobenzene could be made to distil through the fluorescence tube at 
any desired pressure by the maintenance of suitable temperatures in the traps. The trap joined 
to B was connected also to another trap which was cooled in liquid air in order to prevent loss of 
material into the pump. The ground joints were made tight by external application of de 
Khotinsky cement. 

The joints of the filter jacket, C and D, were connected to an all-glass circulating system 
containing a reservoir of pure 2M-aqueous acetic acid. The head necessary to maintain circul- 
ation was established by means of a glass air-lift working on oil-free compressed air. The reser- 
voir also contained a glass coil through which cooling water could be circulated. The primary 
object of the acetic acid filter is to cut off photochemically active light of shorter wave-length 
than the required 2537 A. line. 

The whole of the apparatus so far described was mounted, with position-seals where necessary, 
on a small bench which was placed on the spectrograph table, with the window W of the vapour 
tube as close as possible to the slit. The bench had screw adjustments to facilitate the alinement 
of the fluorescence tube with respect to the spectrograph. The tube leading from the liquid-air 
trap was then joined by means of position-seals to independently mounted auxiliary apparatus 
consisting of a ‘‘ cut-out,’’ a gauge, and a pump. In order to prevent mechanical disturbances 
originating in the pump or in the gauge from reaching the apparatus on the spectrograph table, 
two large glass spiral tubes with mutually perpendicular axes were incorporated in the gas-line. 
The cut-out was a device by which, should any crack or leak develop during a long exposure, an 
electrical contact would be made by the increasing pressure, thus permitting the passage of a 
current which by operating a relay would put out the lamp and prevent the spoiling of the plate. 
The gauge was of the ‘“‘ reduced” McLeod pattern. The pump was a Gaede Duplex pump 
which reduced the permanent-gas pressure to 0-00001 mm., and could be run continuously for 
weeks without attention except for oiling twice daily. 

The spectrograph was a Hilger El instrument (Littrow pattern) having a dispersion of 3 A. 
per mm. at 2600 A. In the fluorescence experiments the exposures ranged from a fraction of a 
minute to a few minutes. In spite of the shortness of these exposures, it was found desirable, 
in order to obtain the greatest possible degree of resolution, to thermostat the room to the 
temperature at which the spectrograph was focused (20-0°); and a constant temperature was in 
any case necessary for the resonance experiments in which the exposures ranged from half a day 
to a fortnight. The necessary vapour pressures have been fairly well fixed by previous investig- 
ations on benzene: 25 mm. is a convenient pressure for the observations of the fluorescence 
spectra, and 0-01 mm. for the resonance spectra. Intermediate pressures were also used in order 
to trace the transition from one type of spectrum into the other, and to make sure that the 
spectra to be measured contained no lines which did not belong to them. 

Wave-lengths were measured by reference to iron-arc comparison spectra placed above and 
below the fluorescence spectrum. Three suitably placed holes, each 1 mm. in diameter, bored 
in the Hartmann plate enabled the three spectra to be photographed in positions in which all 
were simultaneously visible in the field of the microscope. Many of the weaker lines are difficult 
to read in the ordinary microscope and are more accurately measured on microphotometer 
records by means of a microscope with travel in two perpendicular directions.* These records 
were taken, usually with considerable enlargement, by means of a Zeiss recording microphoto- 
meter, and, needless to say, no weak line was accepted which did not appear on records made 
from independent primary plates. The absolute frequencies are subject to an error of 1 cm.-? 
or even more, but the frequency differences of neighbouring lines should be accurate to 0°2—0°1 
cm.-! according to the amount of separation. 


(3) Fluorescence Spectrum of Benzene Vapour.—Investigations of absorption and fluor- 
escence are connected through the circumstance that both should lead to the identification 
of the same electron levels. We therefore mention first the fact that Henri has described 
the absorption spectrum of benzene vapour by means of the formula : 

ie {iene + 921-7n — 162p + 121g 
~ (37483-5 + $24n — 164-5p + 121¢ 
* This instrument was kindly lent by Professor E. N. da C. Andrade. 





946 _ Ingold and Wilson : 


where m, p, and g are whole numbers. This means that there are two electron levels, 38612 
and 37483 cm.~! above the zero-level of the ground state, that absorption creates vibrations 
of frequency 922 and 121 cm.* im the excited molecule, and that vibrations of 
frequency 163 cm. were already present in the normal molecule (“Structure des 
Molécules,” Paris, 1925). The numbers , #, and g are, of course, the quantum numbers 
of the vibrations. Krénenberger investigated the absorption spectrum of solid benzene at 

- 259° and deduced a formula which changes the second of Henri’s electron levels, and also 
makes certain alterations to the vibration frequencies (Z. Physik, 1930, 63, 494). 

The fluorescence spectrum of benzene vapour was first observed by McVicker, Marsh, 
and Stewart, who used electrical excitation (J., 1923, 123, 642), and by McVicker and Marsh, 
who were the first to employ the optical method (cb:d., p. 820; cf. Marsh, 7bid., p. 3315). 
Marsh represented the spectrum by means of the formula v = 37494 — 921-4n — 159) — 
2p, in which the electron term agrees with the second of Henri’s; but the comparison with 
absorption was pushed too far : there is certainly no active frequency of 921 cm.** belonging 
to the grownd state of benzene. The spectrum was also investigated by Pringsheim and 
Reimann (Z. Physik, 1924, 29, 115), and in more detail by Reimann (Amn. Physik, 1926, 
80, 43) who gives the formula 

nr bo — 1000n — 163p 
39400 — 1000n — 163) 


Here, although the electron terms are unacceptable, the vibration frequencies for the ground 
state are substantially correct though rather roughly estimated. From the fluorescence 
spectrum of solid benzene at — 259°, Krénenberger deduced a single electron term at 
39000 cm.!, and the same vibration frequencies as those given by Reimann, 1000 cm.? 
and 163 cm. (loc. cit.). Austin and Black have suggested five electron terms (Physical 
Rev., 1930, 35, 452) and Black three (Nature, 1930, 125, 274), but all the formule given by 
these authors contain a large positive vibrational term, so that either the formule do not 
truly express the structure of the spectrum or the spectrum represented does not originate 
in transitions from a substantially vibrationless excited molecule. The same remark 
applies to the interpretation given by Shapiro (Nature, 1929, 124, 372; cf. Almasy and 
Shapiro, Physical Rev., 1930, 35, 1422). Very recently Cuthbertson and Kistiakowsky 
(J. Chem. Physics, 1936, 4, 9) have made a suggestion which amounts te combining Henri’s 
two electron terms with Reimann’s two vibration frequencies, and with this we agree as far 
asit goes. It was, however, made clear by Reimann’s work that the spectrum contains some 
further complication, and this Cuthbertson and Kistiakowsky deal with by supposing, 
either that each of Henri’s electron levels is really double, or that at least one vibration 
frequency of the order 80 cm. is excited. The fullest previous description of the spectrum 
is that given by Reimann, and from this the presence of a vibration frequency or doublet 
separation of 80 cm. seems possible; but Reimann’s measurements are recorded only to 
the nearest A. (ca. 15 cm.“"), and our measurements with larger dispersion show that the 
spectrum has a considerably more complex structure than he supposed. We require, in 
fact, a third electron level, one not observed by Henriin absorption. It may be added that 
the problem of interpretation would have been more difficult had we not had both benzene 
and hexadeuterobenzene to consider ; the advantage of this is that accidental approximate 
coincidences in one spectrum of band maxima belonging to different series become resolved 
in the other, so that they can be recognised. 

The wave-length measurements are recorded in Table II (p. 948), in which J represents 
intensity, but a better appreciation of the structure of the spectrum will be obtained by 
reference to the upper part of Fig. 3 (folder), in which it is plotted on a frequencyscale. The 
various bands, although doubtless not fully resolved, show a similar rotational structure. 
Each individual band is fairly narrow and exhibits a single sharp intensity maximum at or 
very near its short-wave end. Weassume that the intensity maximum locates the origin of 
the band. The intensities here recorded are obtained by measurement of microphotometer 
records, and therefore should be qualitatively correct although no calibration factor was 
introduced in order to take account of the relation between light intensity and photographic 
blackening. 
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Fig. 5 
Fluorescence Spectra of Benzene and Hexadeute; 
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The spectrum has usually been described as a series of band maxima progressing in 
intervals of 1000 cm.*! (more exactly 990 cm.~4), each interval containing a progression in 
intervals of 163 cm.~! (more exactly 161 cm.“), and the whole of this doubly periodic band 
system being repeated with smaller intensity at frequencies shifted about 80 cm.“ towards 
the visible. This description is roughly true, but a glance at Fig. 3 will indicate the extent 
to which it must be modified. Many of the principal maxima are double or treble, and the 
splitting shows no immediately obvious regularity either in occurrence, form, or frequency 
separation. Moreover, the minor maxima, of which, according to the customary descrip- 
tion, there should be only one, bisecting each of the main 161 cm.“ intervals, are really for 
the most part complicated multiplets, with almost every kind of multiplicity, frequency 
separation, spacing in the interval, and intensity distribution. Throughout the whole 
spectrum no two 161 cm.* intervals are filled in exactly the same way. 

As mentioned already, we can account for this spectrum in detail by assuming three 
electron levels and two vibration frequencies. The numerical formula is 


38607 | 


We may call the electron terms A,®, B,°, and C,° respectively, and introduce the notation 
A,?, etc., to indicate a band displaced from A,® towards the visible by (990-4n + 160-8) 
cm."1, the integers m and # being, of course, the quantum numbers with which the two 
vibrations are excited. Some part of the complication referred to above is due to the 
circumstance that a given 161 cm.~! progression is not confined to the 990 cm.* interval 
in which it originates ; it may extend through much of the next such interval, and even into 
the next but one. In addition to this, there is an overlapping of the A-, B-, and C-band 
systems on the long-wave side of A,®, and a filtering out of the fluorescence light 
by absorption on the short-wave side. 

The electron level C,° is easily fixed as the common zero-point of the observed pro- 
gressions, Cy”, C,°, etc.; evidently it is Henri’s upper level. The observed electron level A,° 
is likewise Henri’s lower level. On the basis of the data now reported, the position of the 
level By® can be determined only by indirect arguments, which however it is unnecessary to 
give, since in later work (Part IX) this level has been directly observed. The levels C,° 
and B,° are thus quite close together and form an example of the electronic doublet separ- 
ation envisaged by Cuthbertson and Kistiakowsky. However, we find no similar doublet 
splitting of the level A,g® which heads the main part of the spectrum. The filling up by 
subsidiary maxima of the 161 cm.~ intervals of the A-band system can be fully explained 
by interpenetration of the A-system by the B- and C-systems. We can thus account for 
all the maxima (and there are over 100), except two weak ones, the frequencies of which 
suggest that they may be anti-Stokes combinations due to insufficient quenching of the 
vibrations of the excited state. The details of this analysis are given in Table III (p. 950). 

(4) Fluorescence Spectrum of Hexadeuterobenzene Vapour.—This spectrum is briefly 
referred to in the paper by Cuthbertson and Kistiakowsky already mentioned which 
appeared after our experiments had been completed. These authors observed the two 
vibrational spacings and one electron level and deduced the presence of a second—all results 
with which our own work is in substantial agreement. As with benzene, we find three 
electron levels and two active vibrations. 


37473 
v = {38535 » — 990-4n — 160-8p 


TABLE I, 


Electron Terms and Vibration Frequencies in the Fluorescence Spectra of Benzene and 
Hexadeuterobenzene (cm.~}). 
Electron terms. Vibration frequencies. 
C,Hy. : C,D,. Av. Quantum No. C.H,. CyDg. 
37473 37709 236 } { a 990-4 942-8 








38535 38707 172 é 
38607 38785 178 p 160°8 141-2 
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TABLE II. 


Fluorescence Spectrum of Benzene Vapour. 
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Ingold and Wilson : 


TABLE III. 
Series Assignment of Band Maxima in Fluorescence Spectrum of Benzene. 


n- p- n- p- n- - 
Spacing Band Spacing Spacing Band Spacing Spacing Band Spacing 
(Av). No. w(cm.-). (dy). (Av). No. v(cm.). (6»). (Av). No. v(cm.).  (8y). 
37472°5 161°4 37726°8 162°3 37658'4 157°3 
37311°1 i 37564°5 3 37501°1 \- 

*  161°3 "2 160°5 > 164-2 
37149°8 n 37404°0 c 37336°9 & 

é 159°1 4 159°0 ~ a 160°2 
36990°7 ‘i 37245°0 ‘ 37176°7 , 

‘ 159°1 4 165°0 : ‘ 157°9 
36831°6 " 37080°0 ‘ 37018°8 i 

a 162°6 > 4 149-0 - ‘ 160°1 
36669°0 . 36931°0 é 36858°7 : 

‘ 155°3 4 165°9 s 4 161-7 
36513°7 159°5 36765°1 153°1 36697°0 158°7 
368542 164-2 36612°0 ot §—36538°3 159.6 
36190°0 156°7 Mean 159°3 , 36378°7 162°5 
36033°3 f 375441 os 362162 420.5 

a 158°4 162°2 : ‘ 163°2 
36874°9 : 37381°9 . 36053°0 : 

* 167°4 j 162°9 ‘ 160°1 
35717°5 170°9 37219°0 159-2 35892°9 156°8 
35546°6 161°5 37059°8 . 158°4 , 35736°1 
35385°1 166°7 36901°4 161°1 Mean 160°3 
35218°6 163°3 36740°3 161-0 > 37616°5 157°6 
35055°3 993°7 + 36579°3 163-7 ; 37458°9 162°1 

Mean 161°1 B 36415°6 166°8 , 37296°8 165°8 
36478°1 t 36248°8 ‘ , 37131°0 a 

\ 160°6 8 155°9 4 157°4 
36317°5 é 36092°9 36973°6 a 

a 161*1 1 156°2 : 161-2 
36156°4 ‘ 35936°7 : 36812°4 : 

‘* 159°6 “4 158°7 : "*  165'1 
36996°8 164°8 357780 166°3 36657°3 159°5 
35832°0 157°9 35611°7 ; 36497°8 161-5 
35674°1 164°7 Mean 161:2 ; 36336°3 160°7 
36609°4 161°3 36549°7 161-5 p 36175°6 161°1 
36348°1 363882 1. 36014°5 i 

i 163°9 5 161°5 ‘ 162°5 
36184°2 . 36226°7 y 35852°0 a 

. 157°9 1 162-0 A 159°9 
35026°3 164-3 36064°7 159°2 , 35692°1 152°3 
34862°0 159°6 35905°6 159°5 35539°8 


347025 inn .4 35746°0 1 9.7 Mean 159°8 


34547°1 : 35582°3 ; ; 36625-0 i. 
343906 j0e8 35424-71576 364661 jor8 
342268 57.7 Mean 160-7 363045 197.0 
34069°1 ‘ 35569°8 ; 36137°5 : 
a 1525 161°7 2 ; 1664 
339166 159.3 354081 166.5 360811 158.5 
33762°8 35241°6 160°5 . 358231 166.4 
Mean 159°7 35081°1 163°5 1 35656°5 156°3 
35483°2 1 ¢).7 34917°6 = y59.8 35500°2 
353215 163.9 34764°3 483.6 Mean 160°7 
351576 167.4 34600°7 364.7 . 35634°7 199.7 
34990°2 166.4 34436-0 35472°0 168.6 
346681 357.4 345841 yeo.9 ) 351461 160.6 
34516°7 554 34420°3 957.) 34977°5 197.5 
343613 59.7 2 34263°2 366.0 ; 34810-0 . 
34202°6 16671 34097°0 Mean 165°9 
34086°5 181.9 Mean 162-7 34644°8 10.6 
33875°3 33590°9 ; 34484-2 ; 
2 = 163°7 ~1 re 
337116 15-8 343241 145.0 
33560°8 ; 341591 165.4 
Mean 160°2 33995°7 160°6 
34492°3 i g9.g ; 33835°1 
343287 153.9 Mean 161-9 
341754 0).7 , 33655°2 463.7 
34003°7 155.9 334915 193.4 
33850°8 ai 4.y . 33322°9 153.4 
335365} g4.7 ; 33169°5 
33371°8 157°9 Mean 161°9 
33213-9 
Mean 159°8 
334990 164-7 
833343 155.5 
33178-8 
Mean 160°1 
32611°5 
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TABLE IV. 
Fluorescence Spectrum of Hexadeuterobenzene Vapour. 
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TABLE IV.—(conid.). 


A (air), y (vac.), A (air), v (vac.), 
A, ‘ A 


A (air), v (vac.), A (air), v (vac.), 

A. cm.~}, cm.-?. 
2873°30 34793°0 
79°2 
68°4 
63°4 
59°5 
44°5 
35°7 
31°2 
28°2 


™ 


cm.~!, cm.-!, 


~ 


z. ° 
2883°77 34666°7 1 291113 34340°9 2982°22 33522°3 
4°03 63°6 1 1-96 311 "32 33453°9 
61-1 0 3°35 14°7 , 15°0 
559 0 9°47 34242°8 "80 33359°2 
52°5 2922°68 4 ¥ 03°6 
45°1 5°59 ‘ ‘ 
39°8 2930°19 
34:1 1-98 
29°1 4°51 
19°4 6°54 
15°9 2940°94 
09°8 2°97 
02°0 5°72 ‘ 
34592°7 9°47 33894°5 
30°1 2951°54 70°7 
02-4 8°67 33789°1 ‘92 32639°1 
34482°3 2960-80 64°8 "29 32582°0 
. 58°8 3°22 37°2 172 
"33 21°3 2971°41 33644°3 3117°97 32062°9 
8°87 34367°6 9°85 33549°0 


The wave-lengths are in Table IV, and the spectrum is plotted in the lower part of Fig. 3 
on a frequency scale, intensities being qualitative as before. The general appearance of 
this spectrum is very similar to that of benzene, but the overlapping bands of different 
series fall differently in the two spectra, so that apparently corresponding band groups 
exhibit quite dissimilar forms. 

Our general equation for the band maxima is 
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37709 
v= jae | — 942-8n — 141-2p 
38785 

and we shall call the three electron levels A,°, B,°, and C,° respectively, implying a correspond- 
ence with the levels of the benzene spectrum to which the same symbols were assigned. 
The level A,° is directly observed, and its position agrees with that given by Cuthbertson and 
Kistiakowsky. The levels By° and C,° are obscured by absorption, but have been directly 
observed by the method to be described in Part IX. 

The two vibration frequencies correspond, of course, to those in the benzene formula 
whose quantum numbers are also called m and ~. The complicated character of the vibra- 
tional structure of the spectrum arises, as before, partly from the circumstance that many 
of the low-frequency progressions extend well beyond the high-frequency interval in which 
they originate, and partly from the overlapping of the B- and C-band-series with the A- 
band-series. The band maxima, of which again there are upwards of 100, can be explained 
completely in the manner indicated. Details of the analysis are in Table V. 

(5) Summary of Electronic and Vibrational Frequencies.—A conspectus of the electron 
terms and vibrational frequencies concerned in the fluorescence of benzene and hexa- 
deuterobenzene is given in Table I. 

Since the only vibrations “‘ allowed” in fluorescence are those which are totally 
symmetrical with respect to the common symmetry of the initial and final states, the 
circumstance that transitions from all three electronically excited states to the ground 
state excite the same vibration frequencies shows that the three excited states share 
with the ground state exactly the same common symmetry properties. It is very 
probable therefore that the three excited states have the same symmetry amongst 
themselves. The frequency of quantum number 1 is identified by its presence and polaris- 
ation in the Raman spectrum (Part III) with a totally symmetrical vibration of the ground 
state (Part VIII). This frequency can therefore tell us nothing about the shape of the 
excited molecule, because a vibration which has all the symmetry of the ground state must 
have all the symmetry common to the ground state and excited state independently of 
the shape of the latter. The frequency of quantum number # has not yet been definitely 
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assigned to a normal vibration (see Part VIII) ; but when it is assigned then any symmetry 
which the vibration lacks may be declared to be lacking in each of the excited states of the 


molecule. 


TABLE V. 
Series Assignment of Band Maxima in Fluorescence Spectrum of Hexadeuterobenzene. 
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216. Structure of Benzene. Part VI. Resonance Emission Spectrum 
of Benzene and Hexadeuterobenzene. 


By C. K. INGoLp and C. L. WILson. 


(1) General Principles.—As explained in Part V, the fluorescence and resonance spectra 
differ chiefly in the circumstance that in the former the excited state from which transition 
takes place is vibrationless (except for zero-point energy), whereas in the latter it is strongly 
vibrating. In general, the existence of vibrations in the excited state will produce vibrations 
in the ground state additional to those which can appear strongly in transitions from the 
vibrationless excited state. The resonance spectra are therefore expected to be very 
complicated, and accordingly it is desirable at the outset to have some idea of what may be 
expected from the selection rules governing the excitation of vibrations in transitions from a 
vibrating state. 

This question has been treated by Herzberg and Teller (Z. physikal. Chem., 1933, 21, 
410), who show that the symmetry of the molecule places certain restrictions on the vibra- 
tional changes that can accompany such electronic transitions. By considering the struc- 
ture of the matrix element, the square of which measures the probability of transition, and 
deducing the conditions under which it would vanish, they obtain the following general 
selection rule : the total vibrational wave-functions of the initial and final states must have 
the same symmetry properties.* In order to clarify the meaning of this theorem in relation 
to the problems in which we are interested, some general definitions are required. 

Normal vibrations may be classified according to their behaviour on the application of 
those symmetry operations (such as reflexion across a plane, inversion through a centre, or 
rotation about an axis of symmetry) which, if applied to the equilibrium configuration of the 
molecule, would convert it into a configuration indistinguishable from the original one. For 
any such operation one of three things may happen to a normal vibration : either all the 
displacement vectors remain unchanged (become multiplied by + 1), or they all become 
inverted (multiplied by — 1), or they become compounded with the vectors of other vibra- 
tions of the same frequency (transformed into linear combinations). In the first case 
the normal vibration is said to be ‘‘ symmetric with respect to the symmetry operation ”’ ; 
in the second it is ‘‘ antisymmetric to the operation ”; in the third it is “‘ degenerate with 
respect to the operation.” If for all the symmetry operations permitted by the equilibrium 
configuration of the molecule the displacement vectors of a normal vibration remain un- 
changed, then the vibration is said to be “‘ totally symmetrical”; otherwise it is ‘‘ non- 
totally symmetrical ” and may be “ degenerate.” It is degenerate if there are two or more 
independent vibrations such that they and all combinations of them have the same 
frequency ; a familiar example is provided by a linear triatomic molecule such as carbon 
dioxide, where the bending vibration has two-fold degeneracy, the separate members of 
identical frequency being independent if taken in two perpendicular planes. For non- 
degenerate vibrations the effect of symmetry operations is always mere multiplication by 
+1. For degenerate vibrations the same result may follow certain operations, but there 
will be at least one by which linear combinations are formed ; such an operation is possible 
where there is an axis of at least three-fold symmetry. 

Vibrational wave-functions distinguish themselves from vibrations with respect to their 
behaviour towards symmetry operations in the following way. Ifa vibration is excited with 
an odd quantum number, the corresponding vibrational wave-function will be an ‘‘ odd ”’ 
function of the co-ordinate in which we measure the vibration (normal co-ordinate) ; that 
is, it will change sign when the co-ordinate changes sign. It follows that the wave-function 
will possess the same symmetry properties as the vibration itself, so that on the application 
of different symmetry operations it will be multiplied by + 1 or by — 1 or transformed into 
a linear combination exactly as the vibration would have been. On the other hand, if a 

Vibration is excited to an even quantum number, the corresponding vibrational wave- 


_ * Strictly, this deduction is subject to the assumption that the probability of electron transition is 
independent of nuclear position. 
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function will be an “ even ” function of the displacement co-ordinate ; it will keep the same 
sign when the co-ordinate changes sign. In this case, therefore, the wave-function will in 
general be more symmetrical than the vibration itself, inasmuch as a symmetry operation 
which would have multiplied the vibration by — 1 will multiply the wave-function by + 1. 
In particular, the wave-function of a non-degenerate vibration excited to an even quantum 
number will always be multiplied by + 1; in short, it will be totally symmetrical. All 
these properties follow from the fact that the wave functions depend on Hermitean poly- 
nomials (cf. Pauling and Wilson, “‘ Introduction to Quantum Mechanics,” 1935), which are 
odd or even functions of their arguments according as the quantum number is odd or even. 

Since normal vibrations are all mutually independent, the total vibrational wave- 
function is simply the product of the wave-functions of the separate normal vibrations. 

Now Herzberg and Teller’s theorem states that only those vibrational changes can 
accompany an electron transition which do not change the symmetry properties of the total 
vibrational wave-function. We have to see what this means for the three classes of vibra- 
tions, the totally symmetrical, the non-totally symmetrical non-degenerate, and the 
degenerate vibrations. It should be stated that we are now using a slightly different 
standard of symmetry : the term totally symmetrical will be taken to refer to the totality 
of symmetry properties (permitted symmetry operations) which are common to the ground 
and excited states, and the terms non-totally symmetrical and degenerate will carry a 
similar interpretation. Ifa vibration is totally symmetrical with respect to the symmetry 
of either of the separate states, it must obviously be totally symmetrical with respect to the 
common symmetry. Ifa vibration is non-totally symmetrical or degenerate to the common 
symmetry properties, it is evidently non-totally symmetrical or degenerate, as the case may 
be, in each of the separate states. 

A totally symmetrical vibration, no matter with how many quanta it is excited, always 
has a totally symmetrical wave-function. Therefore a totally symmetrical vibration can 
undergo any change of quantum number without changing the symmetry properties of its 
own wave-function. It follows that the excitation or suppression, during an electron tran- 
sition, of a totally symmetrical vibration cannot make any difference to the symmetry 
properties of the ¢ofal vibrational wave-function, in which the wave-function of the totally 
symmetrical vibration simply appears as a factor. In short, the excitation of totally sym- 
metrical vibrations is permitted without restriction as to quantum number in transitions 
from a vibrating state, just as in transitions from a vibrationless state (Part V). 

A non-totally symmetrical non-degenerate vibration gives a wave-function with the 
same symmetry properties as the vibration if the quantum number is odd, and a totally 
symmetrical wave-function if the quantum number is even. The wave-function of such a 
vibration will have the same symmetry properties in the initial and final states if, when the 
quantum number was odd in the initial state, it remains odd in the final state, and, 
when it was even in the initial state, it remains even in the final state; in either 
case the change of quantum number iseven. Therefore the total vibrational wave-function 
will maintain its symmetry properties if the change of quantum number of the non-totally 
symmetrical non-degenerate vibration is even. It follows that such a vibration is allowed 
to change its quantum number by an even number during an electron transition, and that 
therefore successive excitations of the vibration will differ by gaps of two quanta. 

If several non-totally symmetrical non-degenerate vibrations have exactly the same 
symmetry properties, there is an additional way of satisfying the rule of constant symmetry 
in the total vibrational wave-function. Two vibrations of the same symmetry will give 
wave-functions which for corresponding quantum numbers also have the same symmetry. 
Hence, if we change the quantum number of one of these vibrations by an odd number, so 
that a symmetry operation which would formerly have multiplied its wave-function by 
-+ 1 now multiplies it by — 1, or vice versa, we have only to arrange that the other vibration 
shall also change its quantum number by an odd number in order to obtain a repetition of 
the effect on the result of the symmetry operation, and therefore no effect at all when this 
operation is applied to the total vibrational wave-function which contains these two wave- 
functions as factors: again the total wave-function will maintain its symmetry. There- 
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fore non-totally symmetrical non-degenerate vibrations of exactly similar symmetry can 
conspire together in pairs each to undergo an odd change of quantum number, the number of 
quanta involved in the joint change being, of course, even. Herzberg and Teller’s theory 
therefore permits, not only the above-mentioned excitations of individual vibrations each 
in successive multiples of twice its quantum, but also joint excitations of pairs of vibrations 
of like symmetry, each in successive multiples cf the sum of the quanta of the two associated 
vibrations. 

If degenerate vibrations are present, the condition governing the excitation of non- 
totally symmetrical non-degenerate vibrations must be expressed in a slightly more general 
way: it is sufficient if the total change of quantum number for all vibrations antisymmetrical 
to a given symmetry operation is even for all symmetry operations. It will be clear 
from the foregoing that the total vibrational wave-function will then have invariant sym- 
metry. The effect of this generalisation is to make it possible in certain circumstances for a 
degenerate and a non-degenerate vibration to combine as has been described for two non- 
degenerate vibrations of equal symmetry. These circumstances are that both vibrations 
should be antisymmetric to the same symmetry operations, and that the degenerate vibra- 
tion should further satisfy the conditions peculiar to degenerate vibrations. 

Degenerate vibrations must fulfil the condition stated in the previous paragraph with 
respect to all those symmetry operations to which they are antisymmetric, but a still broader 
statement is necessary to take account also of the restrictions on their behaviour in the 
symmetry operations to which they are degenerate. The general condition is that, before 
and after the transition, linear combinations of the degenerate vibrational wave-functions 
can be formed which have identical symmetry properties. However, unless we know with 
what quantum numbers degenerate vibrations were present in the excited state, it is 
impossible to deduce from this what changes of quantum number are permitted to 
accompany transition to the ground state. 

We may summarise the consequence of Herzberg and Teller’s theory in relation to 
resonance spectra as follows. Totally symmetrical vibrations, being unrestricted as to 
change of quantum number, should be excited with successive quantum numbers, and 
should give rise to bands progressing with a spacing equal to one quantum, that is, to the 
fundamental frequency of the vibration. Non-totally symmetrical non-degenerate vibra- 
tions should give bands progressing with spacings equal to twice the fundamental vibra- 
tion frequencies. If several such vibrations have identical symmetry, we may expect 
progressions with spacings equal to the sum of the fundamental frequencies of pairs of 
vibrations of like symmetry. If degenerate vibrations are present, there may be a possi- 
bility of spacings equal to the sum of the frequencies of a non-totally symmetrical non- 
degenerate vibration and a degenerate vibration. The appearance of the degenerate 
vibrations themselves will be subject to restrictions which cannot definitely be pre- 
determined although they will in general include the restrictions applying to non- 
totally symmetrical vibrations. 

(2) Resonance Spectrum of Benzene excited by the Mercury 2537 A. Line.—This was 
observed by Pringsheim and Reimann (Z. Phystk, 1924, 29, 115) and by Reimann (Amn. 
Physik, 1926, 80, 43). It was investigated in some detail by Kistiakowsky and Nelles 
(Physical Rev., 1932, 41, 495), whose conclusions have, however, been considerably modified 
in a recent paper by Cuthbertson and Kistiakowsky (J. Chem. Physics, 1936, 4,9). These 
authors do not publish their actual measurements, so we have not made a detailed check of 
our results against theirs; they do, however, record conclusions concerning the frequency 
progressions, and when their paper appeared we had already formed views which agree 
much better with theirs than with the previously published conclusions, although some 
notable differences remain. 

Our results, obtained by methods described in the preceding paper, are recorded in Table 
IT, and are plotted on a frequency scale in the upper part of Fig. 1 (folder). As before, 
intensities are qualitative, being obtained from uncalibrated microphotometer records. 

One difficulty of interpretation, mentioned also by Cuthbertson and Kistiakowsky, 
arises from the variety of shapes exhibited by the bands and their tremendous breadth, a 
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circumstance doubtless connected with the violent rotation which the moleculemust undergo 
on absorption of the exciting frequency; some bands are 150 cm. broad. In order to 
provide ourselves with a definite rule of procedure, we have assumed that when a band 
contains one outstanding maximum this locates the origin; that when it contains two, the 
mean frequency must be taken; and that when it contains three the centre one is to be 
accepted. Nevertheless, the real origins may, of course, be separated from these adopted 
points by perhaps 20 cm.* in the case of the broader bands. 

On examining Fig. 1, it will be seen that the whole spectrum can be divided into sections 
of 989 cm. starting from the exciting line. The first section is unique, the second is differ- 
ent and also unique, the third, fourth, and fifth are different again but similar to one another, 
whilst the sixth to the ninth are similar to the third, fourth, and fifth except that now some 
of the bands are disappearing, until in the eighth and ninth sections only one remains. 

The first section contains one definite but rather slight band (a) separated by 790 cm."! 
from the exciting line, and a whole array of faint lines to which it seems unsafe to ascribe a 
definite origin. We are not even sure that these faint lines really belong to the resonance 
spectrum as they were indistinct on the plates taken at the lowest pressures. 

The second section of the spectrum contains six distinct and well-spaced bands (A—F), 
one of which (B) is of outstanding intensity. Their separations from the exciting line are 
989, 1197, 1326, 1531, 1690, and 1776 cm.+ respectively. 

The third section consists of a semi-continuous mass of bands only a few of which bear 
any close resemblance to bands of the second section. If, however, we take the frequency 
separations of the second section and add them together in pairs in all the possible ways, 
including those derived by using the same frequency twice, we find that the frequencies 
thus obtained correctly locate all the band origins of the third section except that one 
band is left over. This band we therefore treat as an overlap from the second section; 
it is labelled (G), and its separation from the exciting line is 2439 cm.*}. 

The remainder of the spectrum can now be explained by supposing that higher combin- 
ations of the frequency differences A — G are subject to the restriction that a band becomes 
weak, and in general too weak to be observed, if its frequency separation involves more 
than four A-frequencies or more than two other frequencies. (Some exceptions to this occur 
in combinations involving A and the very strong frequency B.) We can partly justify the 
assumed difference of persistence between the A-frequencies and the others by identifying 
A with a totally symmetrical vibration and the others with non-totally symmetrical 
vibrations; it then follows from the theory of Herzberg and Teller that the frequencies 
B—G are already combinations, most of them probably binary combinations, of funda- 
mental frequencies, so that the double occurrence of one which is already twice a funda- 
mental or the sum of two fundamentals is equivalent as to change of quantum number with a 
four-fold occurrence of A. 

The fourth section of the spectrum is like the third, including like the latter a frequency 
involving G, but it includes also two further bands. These can be interpreted as belonging 
generically to the third section, since they correspond to the only other binary combinations 
of the frequencies A—G which should be observable in this fourth section of the spectrum. 

The fifth section is similar to the fourth. The sixth section resembles the fifth except 
that several bands have disappeared. In the seventh section several more bands have 
disappeared, and indeed, the only frequency which still leaves a moderately strong record 
is the one involving B and a multiple of A. In the eighth and ninth sections this frequency 
is the sole survivor. 

The details of this analysis of the spectrum are given in Table III. The component 
frequency differences arrived at in this way are : 


a. A. B. Cc. D. EB. F. G. 
790 989 1197 1326 1531 1690 1776 2439 cm.-? 


but we reserve for the moment discussion of what fundamental vibration frequencies are 
concerned in the make-up of these differences. We are uncertain whether or not to treat 
F asa + A, for although the frequencies would agree, comparison of the fine structures of 

















Ss eo 


- 








Structure of Benzene. Part VI. 959 


the bands does not give further support to this idea, and the frequency relation does not 
repeat itself in hexadeuterobenzene. 

We may compare the above frequencies with Cuthbertson and Kistiakowsky’s, which are 
here labelled to correspond as far as possible to ours : 

432, (a) 791, (A) 990, (D) 1542, (?G) 2567, 3174cm—. 

These authors assumed that combination frequency separations could involve frequency 
A any number of times but the other frequencies only once, and also that the latter fre- 
quencies do not combine with each other. We know of no selection rule of this character, 
and on the empirical side we could not possibly represent the frequencies of all our bands on 
this basis. Nor could we represent our results without the frequencies B, C, and E—quite 
apart from the fact that they appear strongly, and in an uncombined form, in the second 
section of the spectrum. Cuthbertson and Kistiakowsky’s frequency 432 cm. lies in a 
region where our spectrum is so diffuse that we hesitate to assign a vibration frequency ; 
furthermore, we do not want this frequency for the interpretation of the combination bands 
—indeed, it would be a positive embarrassment. We could not ourselves conclude in favour 
of the presence of a frequency 3174 cm.*, since if it were present it would coincide with a 
strong combination band (from A and B), which is an intermediate member of a long series 
of similar bands progressing in regular intervals of 989 cm.-1. Finally, the difference 
between Cuthbertson and Kistiakowsky’s 2557 cm. and our 2439 cm.~1 (G) may perhaps 
be explained as an arithmetical error, since Cuthbertson and Kistiakowsky’s statements 
about their frequency are mutually inconsistent by 110 cm.1, almost the difference between 
their frequency and ours. 

_ (3) Resonance Spectrum of Hexadeuterobenzene Excited by the Mercury 2537 A. Line.— 
This was also examined by Cuthbertson and Kistiakowsky but not in much detail. They 
claim the frequencies 944 and 2460 cm.-1, but again do not give details of the measurements. 

Our results are given in Table IV, and a plot of the spectrum is reproduced in the lower 
part of Fig. 1. The previous remarks concerning intensities, and the selection of band 
origins, apply. The chief general difference between the spectrum of benzene and that 
of hexadeuterobenzene is that the latter is not nearly so strong—for instance, we were able 
to measure over 600 lines in the benzene spectrum, but not quite 300 in the hexadeutero- 
benzene spectrum, in spite of the fact that for the latter the exposures had been approxim- 
ately doubled. We may attribute this difference to the varying disposition of the absorption 
bands of the two compounds, and in particular to weaker absorption by hexadeuterobenzene 
at the frequency of the exciting line. 

Once again the spectrum can be split up into sections, but this time the length of each is 
944 cm.-1. The first section contains only a sprinkling of weak lines similar to those to 
which we refused to assign definite origins in the first section of the benzene spectrum ; 
there is no properly developed band. The second section contains six well-spaced bands 
(A’—F’), of which the third (C’) is particularly strong, and the sixth (F’) is quite weak. 


TABLE I. 


Fundamental Frequencies in the Resonance Emission Spectra of Benzene and Hexa- 
deuterobenzene (cm.*). 











Frequency displacement. Fundamental frequencies. Fundamentals in other spectra. 

C,Hg. C4Dy. 'C,H,. C,D,. C,Hg. C,Dg. Spectrum. 
(i) Totally symmetrical. -" 

(4) 989 (4) 944 989 944 —_ aan ee 
(ii) Non-totally symmetrical. 

(a) 790 — (395) — ~- — — 

(B) 1197 (C’) 1139 598 569 606 577 Raman 

(C) 1326 (B’) 1029 663 514 671 503 Infra-red 

(D) 1531 (E’) 1415 (765) (707) —_ * a ~~ 

(EZ) 1690 (D’) 1322 845 661 849 666 Raman 

(F) 1776 (F’) 1582 (888) (791) pa i = 
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Ingold and Wilson : 


TABLE IT. 


Resonance Emission Spectrum of Benzene. 
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Structure of Benzene. 
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Part VI. 
TABLE II.—(conid.). 
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Ingold and Wilson : 
TABLE II.—(conéd.). 


vy (vac.), A (air), v (vac.), A (air), v (vac.), 
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If we combine the five strong frequencies (A’—E’) as pairs or doubles in the 15 possible 
ways, 14 frequencies are obtained which fall within the spectral range of the third section ; 
the fifteenth coincides with the first band of the fourth section. The 14 frequencies of the 
third section all coincide with band maxima, and leave only two maxima to be accounted 
for. One of these would appear to involve the weak frequency F’, since its frequency 
separation agrees with the sum A’-+ F’. The other, G’, we assume to be generically 
connected with the second section. The only binary combination frequency which might 
have appeared in the third section but cannot be seen is one which involves the weak 
frequency F’; itis B’ + F’. The fourth section is like the third, except for the appearance 
of three additional band maxima; these may be regarded as overlaps from the band system 
of the third section, since they correspond in position to the only three binary combinations 
of frequency separations A’ — G’ that would be expected to appear in this section. The 
fifth section resembles the fourth, except that bands corresponding to some which were 
previously weak have disappeared. In the sixth section a good many more have dis- 
appeared. A few lines beyond the sixth section were just visible on the plates but were 
too diffuse for satisfactory measurement. 

The details of this analysis are in Table V. The component frequency differences are : 

A’. B’. c’. D’. E’. F’. G’. 

944 1029 1139 1322 1415 1582 1932 cm.-} 
We confirm Cuthbertson and Kistiakowsky’s frequency 944 cm.! (our A’), but can say 
nothing about their other frequency 2460 cm." except that if it occurred it would coincide 
with a band which we can account for without assuming this frequency. 

(4) Fundamental Vibration Frequencies.—When one attempts to correlate the benzene 
bands A—G with the hexadeuterobenzene band A’—G’ by associating bands of like fine 
structure, one finds that they fall fairly satisfactorily into the pairs AA’, BC’, CB’, DE’, 
ED’, FF’, and GG’. Each pair satisfies the requirement that the benzene frequency is 
greater than the hexadeuterobenzene frequency, but not by a factor in excess of V2. 

The frequencies AA’ are unique with regard to their persistence in the progressions. 
This circumstance, and the fact that the same frequencies are prominent in the ordinary 
fluorescence spectra, shows that they represent a totally symmetrical vibration. For 
such a vibration, as we have seen, the fundamental frequency is equal to the spacing of the 
bands. 

The remaining frequencies show smaller multiple occurrences in progressions, and they 
do not appear in the ordinary fluorescence spectrum. We assume that they represent 
non-totally symmetrical vibrations. We know that any of these frequencies may 
depend only on one such vibration, in which case it will normally be equal to twice 





Structure of Benzene. Part VI. 


TABLE III. 


Series Assignment of Band Maxima in Resonance Spectrum of Benzene. 
(Note.—Exciting line has frequency 39409 cm.-1._ When a band contains two outstanding lines, the 
frequency of each is quoted, but these frequencies are averaged in calculating the frequency displace- 
ment of the band irom this exciting line.) 


serene bands. 
A. E. F. G. 


la i i Ul 


— «ae 


Frequency, v (cm.~) 38197 
Frequency displacement 989 1197 


Peak intensity (P.I.) ............ 3 30 


37873 


1326 1531 


3 


1690 1776 
7 3 


2nd-Order bands. 


v (calc.). 


4 
ER 


v (obs.). 


Uv 
= 
“* 


3rd-Order bands. 
vy (calc.). v (obs.). 
36456 


37441 } 
37431 
37217 
37094 37094 
37015 37008 


na (8) { 


36886 36869 


{ 30758 
36751 

36727 — 
36696 +1 
36650 

pone +1 
(Obscured in 3) 
36358 + 9 
35970 —ll 
35939 — 4 


37223 


36681 


Oo fF B® AIAIOCH OO 
eRe OD OARS A 


woe | 


35943 


4th-Ovder bands. 
35453 { a) 410 
35245 35257 +12 


35116 35116 + 0 
35037 35045 + 8 


34911) 54099 f=28 


34908 J 
34779 No appearance 
34752 34753 + 1 
34703 No appearance 
34666 34669 + 3 
34574 34586 +12 
34371 No appearance 
33989 —14 


34003 
33965 33963 — 2 


tom | tom | to] mmora o@ 


6th-Order bands. 


33475 { seer} +18 


33481 
33267 33252 —15 
33138 


2 
4 
No appearance — 
33059 Obscured by Hg — 
32933 - 
32930f 32024 |_ 6 92 
32801 No appearance —_ 
32774 3278 + 9 1 
32725 
32688 
32596 
32393 
32025 
31987 


No appearance — 
No appearance — 
32598 + 2 1 
No appearance —_ 
No appearance _ 
Obscured by Hg — 


35897 } 
35768 


35741 


35692 
35655 
35563 
35358 


34992 
34954 


36443 
36240 
36104 
36035 


35890 


{35778 
(xray + 8 


35749 
{ 3a} idles 
35692 ++. O 
Obscured by Hg 
35569 + 6 
35376 +18 
(34987) _ 19 
134977 
34948 
34936 } —12 


—10 
— 7 


5th-Order bands. 


34464 


34256 
34127 
34048 
py 
33919 
33790 
33763 
33714 
33677 
33585 
33382 
33014 


32976 


34489 
{ ont +16 
34944. —12 


No appearance 
34059 +11 


sso10 {—"5 


No mehabane 
33766 + 3 
No appearance 
Obscured by Hg 
33604 +19 
No appearance 
32998 —16 

{ 32983 

(32073) + 2 


7th-Order bands. 


32486 
32278 


No appearance 
3228 + 3 
No appearance 


8th-Order bands. 


31497 
31289 


* P.I. = Peak intensity. 


No appearance 
31294 + 5 
No appearance 


38619 38420 (38231) 38083 nea (37882) 37719 37633 36970 
2439 
5 


~ 
ae 


to oo te] ewe «8 


—rwole| |e] aarwloan 


| vo | 





Ingold and Wilson : 


TABLE IV. 
Resonance Emission Spectrum of Hexadeuterobenzene. 
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Structure of Benzene. 


TABLE V. 


Part VI. 


965 


Series Assignment of Band Maxima in Resonance Spectrum of Hexadeuterobenzene. 
(Note.—See note at top of Table ITI.) 


Frequency, » (cm.-1) 
Frequency displacement 
Peak intensity (P.I.) 


A’ +G’ 
B’ + G’ 


2A’ + C’ + E’ 
2A’ + B’ + F’ 
2A’ + 2D’ 

24’ + D’ + E’ 


24’ + B’ + G’ 
2A’ + C’ +G’ 


2nd-Order bands. 
v(calc.). v (obs.). 
37528 
37441 
37345 
37326 
37243 
{ 37154 
37144 
{ 37135 
37132 
37064 
Obscured b 
36965 
36952 
36885 
36852 


++HS4+ + +4+H144+9 


© © OS & WRO 


36443 
36352 
36340 


4th-Order bands. 


35633 35634 
35563 
35548 (= 


35463 {32460 
35438 35436 
— 35355 + : 
5255 - 
35243} 35263 { 719 
35170 No appearance 
35162 No appearance 
35077 35080 + 3 
35060 35064 +4 
34995 Obscured by Hg 
34967 { + 
34910 No appearance 
34877 34895 +18 
34784 34806 +22 


sagas {34677} +25 
34560 Obscured by Hg 
34450 No appearance 


@ 


a 
ob 
ot 


lst-Ovder bands. 
B’. Cc’. 
38380 38270 
1029 1139 
5 15 


a] 
— 
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A'+B'+E’ 
A’ +C'+D’ 
A’ +C'+E’ 
A’+B’+F’ 


| | wo toro] wo | coco] | cococees ce to oo 


D*. 
38087 
1322 


E’. F’. 
37994 37827 
1415 1582 


6 2 2 


3rd-Order bands. 
v(cale.). v(obs.). Diff. 
36582 + 

36503 
{ 33iee} + 
36407 + 


36376 
36289 


} 36912 


36125 

36101 
6026 

aa? + 0 

36004 + 0 
ee, + 
35 

{ cased +3 
No appearance 
35823, + 2 
35745 +17 
35608 +19 
35512 + 8 
35389 — 5 


AKAagqgnao fk oO 


a 
+1 


35394 


5th-Order bands. 


34689 { acres} er 


34670 

34604 34621 +17 
34519 Obscured by Hg 
34494 34500 + 6 

34409 34422 +13 

34311 34317 + 6 

34299 34302 + 3 

34226 No appearance 

34218  Noap ance 

34133 


34140 +0 
34116 


34127 

34106 —10 
34051 
34023 


No appearance 
No appearance 
33966 No appearance 
33933 No appearance 
33840 
33701 


No appearance 
Obscured by Hg 
33616 
33506 


No appearance 
No appearance 


G’. 


37477 


1932 
2 


P.I. 
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the fundamental frequency; alternatively, it may depend on two vibrations, in which 
event it will be sum of their fundamental frequencies. We first try the assumption that 


each frequency depends on only one vibration. 


Provisional fundamental frequencies will 


then be obtained by halving the frequency displacements; they are shown in Table I. 
Three of the pairs of frequencies thus obtained agree with fundamental frequencies which 
are observed either in infra-red spectra or Raman spectra, and since the agreement extends 
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over both benzene and hexadeuterobenzene, we may regard these three pairs of frequencies 
as having been definitely identified. These are BC’, CB’, and ED’. 

The other fundamental frequencies must for the present retain their “‘ provisional ”’ 
character. Of two pairs of these (DE’ and FF’) it can be said that they are of the order 
of magnitude to be expected for certain fundamental frequencies which might be inactive 
both in the infra-red and in the Raman spectrum; for one can very roughly calculate some 
of the inactive frequencies by first using the known frequencies to set up a simplified model 
of the molecular force system and then deducing the unknown frequencies from this. On 
the other hand, the observed frequency spacings might in either of these cases be the sum 
of two different fundamentals, a possibility which cannot be controlled until more know- 
ledge of the inactive frequencies has been accumulated. We can find slightly more support 
for the remaining pair of provisional fundamentals (GG’). These are also of the order of 
magnitude to be expected for a vibration which could be inactive in the infra-red and Raman 
spectra. However, this vibration is one for which we can calculate the proportionate fre- 
quency shift due to isotopic substitution without an exact knowledge, or even any know- 
ledge, of the frequencies themselves, and without reference to the shifts which are undergone 
simultaneously by other vibrations; and the observed and the calculated frequency 
shifts agree. Concerning the low benzene frequency (a), all that can be stated is that benzene 
should possess two fundamental frequencies which could be inactive in the infra-red and 
Raman spectra and are expected to lie below 500 cm.!: the provisional frequency (a) may 
be one ofthem. The observed band spacing cannot be the sum of these two low frequencies 
because they differ profoundly with respect to symmetry, and there is no other frequency 
which would be allowed by symmetry to combine with either and is also small enough thus 
to give the required spacing. Furthermore, the provisional fundamental (a) agrees in 
frequency with a weak line (404 cm.) found in the Raman spectrum, although it is not at 
present established that this line does in fact represent a fundamental frequency. However, 
in spite of these arguments we prefer to treat the suggested fundamentals (a) and (GG’) as 
provisional like (DE’) and (FF’): the evidence concerning them constitutes only a small 
part of the experimental material which will have to be collected before the inactive fre- 
quencies can be fully elucidated. 

We append tables giving the measurements and their analysis into series. 


UNIVERSITY COLLEGE, LonDON. (Received, May 23rd, 1936.] 





217. Structure of Benzene. Part VII. Discussion of Coincidental 
Frequencies in the Infra-red and Raman Spectra of Benzene and 
Hexadeuterobenzene. 


By W. R. Ancus, C. R. Battey, J. B. Hae, C. K. INGoip, A. H. LEckIE, 
C. G. Raisin, J. W. THompson, and C. L. WItson. 


SPECTROSCOPIC evidence has previously been brought to bear on the benzene problem by 
means of the argument referred to in Part I. This we now propose to consider. 

It follows directly from the classical picture of absorption that only those normal 
vibrations can record their fundamental frequencies in the infra-red spectrum which are 
associated with an oscillation of dipole moment : the electric vector of the light wave sets 
up forced vibrations of the distribution of electrons relatively to the distribution of nuclei, 
t.e., to an oscillation of the dipole moment, and these vibrations become resonance vibrations 
when there is a natural vibration involving oscillation of dipole moment and agreeing in 
frequency with the light. Obviously, the molecule has to be considered as a whole in 
this connexion owing to its smallness compared with the wave-length. 

It follows from Placzek’s theory of Raman scattering that only those normal vibrations 
can appear as fundamentals in the Raman spectrum which involve an oscillation of the 
molecular polarisability. Again, it suffices to set up a classical picture in which an oscil- 
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lating molecular polarisability gives rise to a periodically varying amplitude in the secondary 
light radiated by the forced dipole oscillation created by the incident light—this ‘‘ beat ”’ 
splitting up in the usual way into two simple harmonic terms whose frequency separation 
gives the beat frequency, 7.e., the vibration frequency of the molecule. 

A molecule possessing a centre of symmetry can be divided (except for a possible particle 
at the centre itself) into pairs of fully equivalent mass-points. Further, the operation of 
inversion through a centre is one to which all normal vibrations, including degenerate 
vibrations, are either symmetric or antisymmetric (Part VI). In a symmetric vibration 
(illustrated by I) each pair of equivalent charged mass-points will move in such a way as to 
keep its centre of gravity constantly at the centre of symmetry, and hence there can be no 
variation of dipole moment. It follows that vibrations symmetric to a centre of symmetry 
cannot record their fundamental frequencies in the infra-red 
spectrum. In an antisymmetric vibration (II) each member 4 
of a pair of equivalent mass-points will at every moment Fi at 4 bor 
neutralise the other’s effect on the molecular polarisability, 
which will therefore remain invariant. Hence vibrations " f 
antisymmetric to a centre of symmetry do not appear as \ 
fundamentals in the Raman effect. It follows that in the } I 
presence of a centre of symmetry no fundamental vibration (1.) (I1.) 
can appear both in the infra-red and in the Raman spectrum 
—though this does not mean that every fundamental is bound to occur in one spectrum or 
the other, since elements of symmetry besides the centre may be present which can lead to 
further exclusions of the frequencies from either spectrum. In order to generalise this 
principle of mutual exclusion to cover overtones and combination tones, it is necessary to 
take up a more definitely quantum-mechanical view-point, and consider the symmetry not 
of the vibrations but of their wave-functions. These are symmetric or antisymmetric to the 
centre according as the vibration is symmetric or antisymmetric, if the quantum number is 
odd; and they are symmetric whatever the vibration may be if the quantum number is 
even (Part VI). In all cases, however, vibrations with symmetric wave-functions are 
excluded from the infra-red spectrum and those with antisymmetric wave-functions from 
the Raman effect, so that it holds true quite generally that in the presence of a centre of 
symmetry the same frequency cannot occur in both spectra. 

The definite character of this principle was first made clear through the work of Placzek 
(Leipziger Vortrage, 1931, p. 71), who specifically referred to benzene and concluded that it 
could not be in a plane regular hexagon on account of the number of coincident frequencies 
which had been observed in the Raman and the infra-red spectra. Bhagavantam had 
already drawn attention to these coincidences (Indian J. Physics, 1930, 5, 615) and, later, 
Krishnamurti revised the evidence and gave a list of twelve (ibid., 1932, 6, 543). Many 
authors followed Placzek in rejecting the regular hexagonal model, most of them advocating 
a Kekulé structure, which has not a centre of symmetry (e.g., Cabannes and Rousset, Ann. 
Physique, 1933, 18, 229; Weiler, Z. Physik, 1934, 89, 58; Kohlrausch, Naturwiss., 1934, 
22, 161, 181, 196). In the meantime Pauling and Wheland’s calculations appeared (cf. 
Part I), and E. B. Wilson (Physical Rev., 1934, 46, 146) suggested that the coincidences were 
accidental, their large number arising from the considerable error attaching to the older 
measurements of infra-red frequencies. Furthermore, we stated in our preliminary notes 
(Nature, 1935, 135, 1033; 136, 680) that the Raman and infra-red fundamental frequencies 
of benzene could be assigned, and the isotope shifts observed in hexadeuterobenzene 
quantitatively accounted for, on the basis of the regular hexagonalmodel. Theseideasseem 
to have been accepted, since without further examination of the coincidence question, most 
of the old arguments have in the past year been reversed (though with no increase in 
conclusiveness) in favour of the regular model (Kohlrausch, Naturwiss., 1935, 28, 624; 
Z. phystkal. Chem., 1925, 30, B, 305; Physikal. Z., 1936, 37, 58). 

The coincidences, supposed or real, are assembled in Table I. The figures on the left 
are Krishnamurti’s. Those on the right are taken from Parts III and IV, and a line is 
drawn to direct attention to a possible coincidence whenever the frequency difference 
is anywhere within 2—3 times the estimated total experimental error. The tendency is 
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therefore to include unreal coincidences rather than to exclude real ones; nevertheless, 
it must be pointed out that in many cases the agreement of the frequencies is very much 
closer than the allowed toleration. Evidently the newer work does not much affect the 
number of possible coincidences: a few of Krishnamurti’s become excluded by the narrower 
limits of precision, but on the other hand, our more complete knowledge of the spectrum 
reveals several that are additional. 

TABLE I. 


Suggested Coincidences of Raman and Infra-red Frequencies of Benzene (cm.~). 
Parts III and IV. 











Krishnamurti. 


P ica ‘L.-red 
I.-red. 


Raman. (liquid). 
606 m—— 610 f 
685 f 671 s 

{781 ff—— 773s 


I.-red 
(gas). 


671s 





Note. 


F.I.-red 
Beyond error 
F. Raman, F.I.-red 


Raman. Note. 


694 687 Beyond error 


803 
847 
971 


1025 
1183 
1379 
1481 
1587 


_—— A 
SSS WIA moo ee SF 


806 
848 
976 


1029 
1178 
1407 
1477 
1584 


° 793 ff— \ 802 ff poe 


No I.-red band 
Beyond error 


F. Raman 

No I.-red band 
Beyond error 
F. Raman 


962 ff 
1037 s 


1377 f 
1485's 


849 m—— 849 s 

977 ff = 

992 s 985 f 
1030 f ——1033 s 
1178 m——1170 s 
1285 ff ——1298 f 
1404 f 1381 m 
1478 f ——1480 s 
1585 m——1584 s 


F.L-red_ 


F.I.-red 

F. Raman 

F.I.-red 

F. Raman, F.I.-red 
Beyond error 

F. Raman 

F.I.-red 


F.I.-red 

No I.-red band 

F. Raman, F.I.-red 
* 


No I.-red band 
* 1617 f ——1606 m——1604 s 
* 2288 f ——2293 f — 
— 2358 ff ——2356 f 


3047 m — 
3061 s 3070 s * 


1613 


1603 
3040 3046 _— 
3074 3063 3080 s 

Notes.—Band intensities: s, strong; m, medium; f, faint; ff, very faint. 
The comparisons of intensity are internal to each spectrum : there are no comparisons between 
different spectra. 
F. Raman: Forbidden in Raman effect by selection rules for free molecule. 
F.I.-red : Forbidden in infra-red spectrum by selection rules for free molecule. 
* Coincidences noted for special consideration. 


No. L.-red band 
_ 


The most suggestive feature of Table I is that so many more coincidences are obtained 
by comparing the Raman frequencies with the infra-red frequencies of the liquid than with 
those of the vapour. We have seen (Part IV) that the infra-red spectrum of the liquid is 
distinguished from that of the vapour mainly through the circumstance that, although 
the liquid spectrum contains all the chief vapour bands, it exhibits also a considerable 
number of new bands. We now see that most of these extra bands correspond to the strong 
Raman frequencies. 

It would therefore appear that the cohesive forces in the liquid substance deform the 
molecule sufficiently to cause a break-down of those selection rules which depend on the 
strict preservation of the symmetry of the equilibrium configuration of the molecule. 
This deformation leads to only slight frequency shifts, accompanied by a certain broadening 
of the bands, possibly because the distortions are largely random. In the infra-red spectrum, 
however, it leads notably to the rather strong appearance of bands which the selection rules 
forbid, and which are in fact absent from the gaseous spectrum. It seems striking that 
bands forbidden by the symmetry of the undeformed molecule should appear as strongly 
as most of them do, since the average deformation is expected to be slight. However, this 
is not more remarkable than the familiar fact that, in the infra-red spectrum, combination 
frequencies are often comparable in intensity with fundamentals, although the former - 
may depend only on a small anharmonicity in the deformation potential of the molecule. 

The Raman spectrum also is measured for the liquid, so that we may expect a reciprocal 
effect from the break-down of the selection rules, strong infra-red frequencies appearing in 
the Raman spectrum. Some of the strongest do indeed appear, but only very feebly. 
This result may be compared to the well-known greater purity of Raman than of infra-red 
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spectra with respect to fundamental vibrations: overtones and combination tones—in 
fact, all frequencies depending on the anharmonicity of the deformation potential—are 
notoriously weak in the Raman effect. It is because of the weakness with which the fre- 
quencies we assume to be forbidden appear in the Raman spectrum that we have not studied 
this spectrum for the vapour. One knows in advance what would happen : a few weak lines 
would disappear; but as they were already very weak in the liquid spectrum, it would be 
hard to establish their disappearance with certainty in view of the difficulty of getting as 
dense photographs from the vapour as one can from the liquid. 

Independent evidence of the lack of molecular symmetry in the liquid results from an 
inspection of the Raman depolarisation factors. In any vibration which is antisymmetric 
or degenerate to an element of symmetry, the polarisability, if it varies at all, must increase 
in some directions and decrease in others in such a way that the average for all directions is 
constant ; and, as Placzek’s theory shows, the result of this condition is that the frequency, 
if active at all in the Raman spectrum, will be represented by a line with the depolarisation 
factor 6/7 = 0-86. Now although our measurements of the depolarisation factors are not as 
precise as we could wish, they are quite accurate enough to show that most of the depolar- 
ised lines of benzene and hexadeuterobenzene have depolarisation factors which fall defin- 
itely below 6/7 : the values range from this value to 0-70. This shows that the molecular 
symmetry necessary for the balancing of the increases of polarisability against the decreases 
in antisymmetric and degenerate vibrations is not actually realised, and this again may be 
attributed to deformation by cohesion. 

We expect then that, even if the molecule possesses a centre of symmetry in the un- 
deformed state, deformation by cohesive forces in the liquid substance may give rise to the 
following coincidences: (a) Strong Raman frequencies may appear, perhaps strongly, in 
the liquid infra-red spectrum, but should be absent completely from the vapour spectrum. 
(b) Strong infra-red vapour frequencies can appear, though only feebly, in the Raman 
spectrum. (c) Frequencies which, according to the selection rules, are inactive in both the 
infra-red and the Raman spectrum may appear, perhaps strongly, in the liquid infra-red 
spectrum, feebly in the Raman spectrum, and not at all in the infra-red vapour spectrum. 
With these remarks we return to Table I. 

Coincidences 1, 5, 7, 9, 13, and 14 (liquid) belong to class (a). As will be shown later, 
they are Raman fundamentals, and they appear in the liquid infra-red spectrum but not in 
the vapour spectrum. Attention may be directed to the Raman doublet (13, 14) which 
appears as a doublet with the same pair of frequencies in the liquid infra-red spectrum— 
whereas in hexadeuterobenzene the corresponding Raman frequency is single, and also 
single in the liquid infra-red spectrum. (The infra-red vapour band, 1617 cm.-}, is distinct 
from the double band, 1584—1604 cm.~?, which obscures it in the liquid spectrum.) Co- 
incidences Nos. 8 and 12 are of type (6) : they represent infra-red fundamentals appearing 
weakly in the Raman spectrum .of the liquid substance. Coincidences No. 3 (liquid), 
10, and 16 belong to type (c), and represent frequencies which by the selection rules are 
inactive in both spectra. Krishnamurti’s coincidences Nos. 2, 6, and 11 are rejected as 
involving too large an assumed error, and this leaves six coincidences (marked *) for special 
consideration. The two which involve frequencies of the infra-red liquid spectrum may 
be dealt with now. 

No. 17. A coincidence here was suggested by Krishnamurti, and, although our work 
shows that there is no infra-red band of the right frequency in benzene vapour, we cannot 
make a corresponding assertion about the liquid. The fact is that the liquid band at 3070 
cm.-! is broad enough to cover 3047 cm."}, although a distinct frequency could not be 
measured in this neighbourhood. A coincidence is therefore possible, but it would only be 
one of type (a). 

No. 18. The occurrence of the strong Raman frequency 3061 cm. in the liquid infra-red 
spectrum would produce a coincidence of type (a). This may happen, without prejudice to 
the question as to whether the infra-red gas frequency 3080 cm.~ is distinct—in which case 
it would still form the main constituent of the broad band at 3070 cm.*? in the liquid. 

We postpone the last stages of the discussion of Table I, and next set forth the corre- 
sponding observations on hexadeuterobenzene in Table II. There are only four co- 
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incidences with infra-red vapour frequencies, two fewer than in the case of benzene, and 
eleven with infra-red liquid frequencies, one fewer than with benzene. 


TABLE II. 


Suggested Coincidences of Raman and Infra-red Frequencies in Hexadeuterobenzene (cm.-). 
(Data from Parts III and IV.) 


I.-red I.-red 











No. Note. (gas). Raman. __ (liquid). Note. 
1 — oo 577 m—— _ 581 f F.I.-red 
2 —- —_ 661 m—— 662m __ F.I.-red 
3 —_ — 750 ff—— 754m _ __—*‘F.. Raman, F.I.-red 
+ — — 867 m——. 864m iF .I.-red 
5 —_ — 945 s 943 m =F I.-red 
6 _- — 976 ff—— 979 m_—swF. Raman, F.I.-red 
7 bd 1009 ff ——1000 f ——1012 f * 
8 F,. Raman 1333 m——1327 f ——1332 s F. Raman 
9 F. Raman 1450 m——1457 f ——1454 s F. Raman 
10 — — 1559 m——_1552 m F.I.-red 
11 — -- 2264 m -— ° 
12 ° 2294 s 2292 s 2283 s * 


(Notes.—See Table I.) 


Coincidences Nos. 1, 2, 4, 5, and 10 are of type (a); they are Raman fundamentals 
appearing in the infra-red liquid spectrum but not in the gaseous spectrum. Coincidences 
Nos. 8 and 9 belong to type (b); they represent prominent infra-red frequencies appearing 
weakly in the Raman spectrum of the liquid. Coincidences Nos. 3 and 6 are of type (c), 
and represent frequencies which the selection rules would exclude from both the Raman and 
the infra-red spectrum, but which the cohesive forces of the liquid allow to appear. The 
remaining coincidences, those marked with an asterisk, require special consideration, and 
we may deal immediately with the three which relate to the liquid infra-red frequencies. 

Coincidence No. 7 with the liquid infra-red frequency is in the same case as the corre- 
sponding coincidence with the gaseous frequency, and this is to be considered later. No. 
11 is marked in the table because the liquid band at 2283 cm."! overlaps the region 2264 
cm.!: there may be a coincidence here, but if so, it will be of type (a). In No. 12 a co- 
incidence of type (a) may occur between the Ramaa frequency, 2292 cm.-1, and the liquid 
infra-red band, 2283 cm.!. This possibility does not prejudice the question, considered 
below, as to whether the gaseous infra-red frequency, 2294 cm.-1, is distinct ; if it is, it must 
still be the principal source of the liquid infra-red band 2283 cm.-}. 

It is now necessary to return to the four remaining benzene coincidences, all involving 
infra-red vapour frequencies, Nos. 4, 14, 15, and 18 of Table I. No. 4 relates to the weakest 
frequencies in both spectra, and has little importance. No. 15 is also weak in both spectra. 
No. 14 can be seen to be accidental on the internal evidence : the Raman frequency 1606 
cm.~! is one peak of the doublet 1585-1606 cm.“4, and this corresponds to the infra-red 
doublet 1584-1604 cm."!, which can have nothing to do with the single band at 1617 cm.*. 
Confirmation of the accidental character of all three coincidences Nos. 4, 14, and 15 follows 
from the circumstance that there are no coincidences in the hexadeuterobenzene spectra 
which could possibly correspond to them. 

Two hexadeuterobenzene coincidences were reserved for further discussion, Nos. 7 and 
12 of Table II. The approximate coincidence No. 7 need hardly have been counted, since 
each of the frequencies should be accurate to within + 2cm.1. However, the accidental 
character of the agreement is confirmed by the absence of any coincidence in the benzene 
spectra which could possibly correspond. 


Thus we are left with the high-frequency coincidences for—benzene No. 18 of Table I, © 


and for hexadeuterobenzene No. 12 of Table II—as the only coincidences which are not 
demonstrably accidental or due to the use of liquids. These coincidences certainly corre- 
spond, but they furnish no evidence on the question of the presence or absence of a centre of 
symmetry, because the high-frequency extreme of the spectral range of the fundamentals is 
the one position in this range where, whatever may be the symmetry of the molecule, 
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“accidental ” coincidences are ‘‘ bound ”’ to occur. Thus although, in the presence of a 
centre of symmetry, the infra-red and Raman frequencies would have to represent different 
vibrations, they could never be separated by more than a few wave numbers for the following 
reason. These high-frequency vibrations depend substantially on the motion of hydrogen 
(protium or deuterium) atoms along the lines of their linkings. ~The different normal modes 
of vibration for which this is true differ essentially in the phase relations of the individual 
hydrogen motions. We may illustrate by means of the symmetric and antisymmetric 
vibrations of a pair of p-hydrogen atoms: if there is a centre of symmetry one phase 
relation renders the vibration inactive in the infra-red spectrum and hence possibly active 
in the Raman spectrum only, whilst the other makes the vibration inactive in the Raman 
spectrum and therefore possibly active in the infra-red spectrum only : 


<_ > 
H—C.++s+es- Ci ). —. See C—H 
(Not in infra-red spectrum.) (Not in Raman spectrum.) 


The phase relations are, of course, established by the interaction of the individual hydrogen 
motions through the connecting carbon ring. However, the coupling of such rapid vibra- 
tions through a structure whose natural deformation frequencies are all much smaller 
must obviously be weak. It follows that the phase relations cannot much affect the fre- 
quencies, so that in either of the cases illustrated the frequency of the normal mode will 
closely approximate to the hydrogen frequencies which would obtain in each separate 
C—H link in the absence of any coupling. Yet, in spite of the nearly equal frequencies, 
the vibration forms are radically different, and the selection rules exclude their frequencies 
from different spectra. 

This completes our discussion of the Raman and infra-red coincidences of benzene and 
hexadeuterobenzene. The conclusion is that there is none which need convey any 
suggestion of the absence of a centre of symmetry from these molecules. 


We have been much assisted in the development of these arguments by personal discussion 
with Dr. Placzek, and wish to thank him for his valued help. 


UNIVERSITY COLLEGE, LONDON. [Received, May 23rd, 1936.} 
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Frequencies of Benzene and Hexadeuterobenzene. 


By W. R. Ancus, C. R. Battey, J. B. Have, C. K. INGoip, A. H. LEckIE, 
C. G, Raisin, J: W. THompson, and C. L. Witson. 


THE investigation of Part VII into the coincidence argument clears the ground for an un- 
prejudiced attack on the problem of establishing a benzene model from the spectral fre- 
quencies of benzene and its isotopic modifications. We are no longer bound to assume that 
a centre of symmetry is absent, though it will not be overlooked that we have not directly 
proved that it is present. The most expeditious plan will be to consider the requirements 
of the plane, regular, hexagonal model, since this is the most symmetrical of all possible 
models. We shall refer to it as the Dg, model, this being the symbol representing its sym- 
metry classification in the theory of point groups. It is always easy to leave out symmetry, 
as we shall illustrate in taking account also of the requirements of the Kekulé model 
(symmetry D,,) and of the trigonally puckered model (D,,).- 

(1) Vibration Forms of Benzene.—These have been calculated by mathematical methods 
by E. B. Wilson (Physical Rev., 1934, 45, 706) and Bosche and Manneback (Amn. Soc. sci. 
Bruxelles, 1934, 54, 230). Elementary symmetry theory, such as has been given by Placzek 
(Leipziger V ortraége, 1931, p. 71; Marx’s “‘ Handbuch der Radiologie,”’ 6, ii, 209), can how- 
ever be used to derive in a relatively simple fashion all that is determinate concerning the 
vibration forms in the absence of assumptions about the force system. 
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We take Cartesian axes with z parallel to the six-fold axis of symmetry, and x and y 
disposed as shown in the inset. The model Dg, has many elements of symmetry, but its 
complete symmetry can be specified by an appropriately chosen set of 
elements the presence of which implies the presence of all the others. The 
specifying set of elements may be chosen in various ways depending on 
the purpose for which it is wanted, and our first selection will consist of 
the following four elements: (1) the three-fold axis of symmetry in the 
* z-direction [C,]; (2) the two-fold axis in the z-direction [C,]; (3) the 
two-fold axis in the y-direction [C,]; (4) the centre of symmetry (t). 
Each of these elements implies a symmetry operation (rotation or inversion), 
and the reason why all other symmetry elements are included is that their operations can 
be composed out of two or more of these four operations. Thus the six-fold axis C,” is 
covered by C, and C, since rotation by x/3 about z is equivalent to rotation by x 
followed by back-rotation by 2x/3. The two-fold axis C, is given, because rotation by 
m about x is the same as successive rotations by x about y and z. The four two-fold axes 
inclined by + x/3 to C, and C,™ are given by associating C,“ with the other specified 
elements. The plane o, perpendicular to z is covered by the two-fold z-axis and the centre, 
C, and i, since rotation by x round an axis, followed by inversion through a centre, is 
equivalent to reflexion across a plane perpendicular to the axis. The six planes passing 
through the z-axis can in the same way be derived by associating two-fold axes with the 
centre. We may note particularly the operational equations 


Cc, = CY ° OF and So, = Cc,” ° 1 


The vibrations of the model are either non-degenerate or two-fold degenerate. The non- 
degenerate vibrations are all symmetric to C,“, but they may be either symmetric or anti- 
symmetric to C,”, C,™, and i, and hence they can exhibit 2? = 8 distinct types of 
behaviour to the complete set of four symmetry operations. The degenerate vibrations all 
behave alike to C, and C,, but they may be either symmetric or antisymmetric to C,“ 
and 7, and hence they show 2? = 4 types of behaviour to the operations collectively. Alto- 
gether, then, we have twelve symmetry classes. The common result of operation C, 
when applied to a degenerate vibration is most simply represented by so choosing the 
components of the degenerate pair that one (normal co-ordinate &) is symmetric and the 
other (normal co-ordinate y) is antisymmetric to the operation. The common behaviour 
of degenerate vibrations to the operation C,” is best expressed by choosing the components 
in the complex form representing opposing rotations (normal co-ordinates — + “—1» 
and & — ~/—14), which then suffer a simple change of phase (multiplication of the normal 
co-ordinates by e¥2*V=1/s) on application of the operation. 

The specification of the twelve possible symmetry classes is given in cols. 2—5 of Table 
I; it is easy to see that all possible alternatives are included. The labels in col. 1 have the 
following significance : 


y 





‘A = symmetric to C,” = symmetric to C,'” 
|B = a C, [but not to C,) +! = antisymmetric to C, 
E* = degenerate but symmetric,to C,” { = symmetric to 7 
E- = N. and not symmetric to C,“ |, = antisymmetric to 7 


In the succeeding columns symmetry and antisymmetry to the operations listed at the top 
are denoted by + and — according as the normal co-ordinate is multiplied by + 1 or — 1. 
For brevity, <* is written for multiplication of the complex co-ordinate by e*2v-1/, 
Behaviour with respect to two additional operations, the two-fold axis C, and the plane 
o,, is recorded in cols. 6 and 7; these entries are obtained from those in the earlier columns. 
by multiplication in accordance with the operation equations given previously. 

The next step is to obtain the number of vibtations belonging to each symmetry class. 
First, we place the molecule in a potential hollow of its own symmetry so that those degrees 
of freedom which would normally appear as translations and rotations become included 
amongst the vibrations. Next, we divide the molecule into “ point-sets,” such that all 
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TABLE I. 
Symmetry Classification of the Vibrations of the Benzene Model Dy. 
1. et a ae ee ee Ae ae Oe 12. 13. 
Specification Other Contri- 

Sym- elements. elements. butions. 2 Activity. 
metry - 2 ots Ooo) sand r 2 ~ 
class. C,™. C.. CM. «4. CS. a. C. HH. R. Vibs. Infra-red. Raman. 

ee i a a ee 1 att ee. F Gaz = Oy ae = 0 
Aggy) epee ee ig fg se Loe ig F 2 

Beg 22H) i rte ge) Dilowgi tana F F 

tio kt to - = = |] de 1 ™:: b Bee Bn F 

By a a Ue 0 — 0 F F 

, + ~~ ¢°= = + FT =] 8 r F 

By + - —- + + = 1 1 a 2 F F 
Batt m oS oe He ie bods tng F F 

E,* -. > = > = + 2 2 = 4 F Azz = — Ayy, a3 = O 
ae FS FS & Beet) = sg F - Fd 

E> ef —_ + Le + io a 1 1 Rw 1 F ay = Og = 0 
} te fF —- + — + + 2 2 Tm 3 M,=0 F 

#) of — — + +{Non-degen. (4,B) 10 (F = forbidden) 

yf “l\-) + — + |2-Fold degen. (E) 10 Allowed 
ae a i a a 20 | 4 vibs. 7 vibs. 





(7, k = co-ordinate axes %, y, z.) 


the mass-points of a point-set can be generated from one point by the symmetry operations 
of the model. In benzene the six carbon atoms form one point-set and the six hydrogen 
atoms the other. It happens that both have the same symmetry; and, since the gener- 
ating point of each may be taken on the y-axis and is in the xy-plane, we may say that in 
each case the point-set has the proper symmetry C,” and o,. The idea behind this sub- 
division is that, whilst the displacements of the points of a set are interrelated by symmetry, 
the connexion between the two sets arises only through the force-system; and, since the 
number of vibrations must be independent of the forces, that number will be correctly 
obtained if we suppose the sets to be uncoupled, each contributing its vibrations independ- 
ently of the other. To each point-set, therefore, we apply the following general rule, the 
truth of which is most easily seen by considering simple examples : A point-set contributes 
as many vibrations to a symmetry class as there are independent linear combinations of the 
spatial co-ordinates (x, y, z) which show the behaviour of the class to the operations of the 
proper symmetry of the set. The symmetry properties of the co-ordinates are given at 
the bottom of the table; they are obtained by considering how the co-ordinates of a point 
(x, y, 2) would be changed by the symmetry operations. We are concerned in particular 
with behaviour to the operations C, and o,. As an example we may consider the sym- 
metry class A,, (table, top line). The carbon point-set will contribute one vibration to 
this class because there is one co-ordinate, viz., y, which transforms in the required way 
(multiplication by + 1 in each case) to C,” and o,. The hydrogen point-set will also con- 
tribute one vibration. Restoration of the coupling between the point-sets merely results 
in the mixing of these vibrations, so that there are still two vibrations of symmetry A,,, but 
now both involve the motion of both carbon and hydrogen atoms. Proceeding in this way 
through the other eleven symmetry classes we obtain the figures in cols. 8and9. Allowance 
being made for the fact that each degenerate vibration has two degrees of freedom, the 
total number of degrees of freedom comes to 36; but we have now to take away those 6 
degrees of freedom which go over into translations and rotations when our imaginary force- 
field is removed. These degrees of freedom can easily be identified by their symmetry 
properties. Thus a translation parallel to z will have the symmetry properties of the z- 
co-ordinate and will therefore belong to class A»,, so that we must deduct it from the two 
“vibrations ’’ assigned to this class. The identification of the other translations and 
rotations is indicated in col. 10, where T) and T“” signify translations parallel to z and in 
the xy plane, and R® and R®Y denote rotations about the z-axis and about axes in the xy- 
plane. The 20 vibrations proper, corresponding in all to 30 degrees of freedom, are 
enumerated in col. 11. 
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The remaining principle which is available to assist the determination of the vibration 
forms is that they must be “ orthogonal,” or, in other words, must represent independent 
degrees of vibrational freedom. The condition for orthogonality is that, for any two 
vibrations, the sum over all the mass-points in the molecule of the product of the mass of a 
point and the scalar product of its displacements in the two vibrations must vanish. Since 
the scalar product contains the cosine of the angle between the displacements, this con- 
dition will be satisfied by always taking corresponding displacements at right angles. If 
we cannot do this, we must at least make the acute angles or parallel displacements (positive 
cosines) balance the obtuse angles or antiparallel displacements (negative cosines). In 
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Vibration Forms of Benzene (D,n) Model. 
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particular, when the carbon and hydrogen point-sets each contribute only one vibration to a 
symmetry class, the two vibrations formed by combination must involve parallel displace- 
ments for one point-set and antiparallel for the other, since these are the only types of 
combination permitted by the orthogonal relation and the symmetry restrictions of the 
class. In general, the vibration diagrams of all vibrations falling within those symmetry 
classes which do not contain more than two vibrations are completely fixed by orthogon- 
ality and symmetry. 

The vibration forms are shown in relation to their symmetry classes in Fig. 1. The 
hexagonally symmetrical A-series contains 4 vibrations divided between 3 classes. The 
first class, A,,, contains the two totally symmetrical vibrations, which show the normal 
parallel and antiparallel relation between the displacements of the point-sets. We shall 


designate these vibrations A,‘ and A, on the grounds of the following approximate 
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considerations, which are dependent on the fact that the mass of a hydrogen atom is much 
smaller than that of a carbon atom. In parallel coupling the carbon atoms will carry the 
attached hydrogen atoms with them, CH moving practically as a unit; this condition is 
indicated by the superscript (C). In antiparallel coupling, on the other hand, each CH- 
group will vibrate internally about a point near its centre of gravity, and consequently 
most of the motion will be in the hydrogen atoms; this is indicated by the superscript (H). 
The class Ag, contains one vibration, A,™, which involves antiparallel coupling of the dis- 
placements of the point-sets; parallel coupling gives the complementary member of the 
class, which is the rotation R®. The class Ag, also contains one vibration, A,®, with 
antiparallel coupling, its complement with parallel coupling being the translation T. 
The vibrations of the different classes are obviously orthogonal, corresponding vectors 
being mutually perpendicular. 

The trigonally symmetrical B-series contains 6 vibrations divided in pairs between 3 
symmetry classes. There are no translations or rotations belonging to these classes. The 
vibrations are therefore B,, B,, BO, B®, BLO, Bf, and they are orthogonal within 
each class on account of the parallel—antiparallel relation, and as between classes because 
corresponding vectors are always perpendicular. They are orthogonal to the vibrations of 
the A-series because either corresponding vibration vectors are perpendicular, or each 
point-set splits into sub-sets of three mass-points, and the sub-sets contribute equally and 
oppositely to the sum of scalar products. 

The two-fold degenerate E-series contains 10 vibrations shared between 4 classes. 
In Fig. 1 we give only a single representation of each degenerate vibration although, of 
course, each is a mixture, the two independent components of which may be chosen in 
various ways. In the first class E} a single point-set contributes two vibrations, and these 
must be chosen to be orthogonal to each other and to the contributions of the same point- 
set to all the previous vibrations. One way of doing this is indicated in the diagrams in 
which the two contributions of each point-set are made into four complete vibrations by 
. parallel and antiparallel coupling. However, these vibration forms are not uniquely 
determined, and all that can be stated is that the real forms, if not these, must be some 
orthogonal linear combination of them determined by the force system. In spite of this 
theoretical indeterminacy, the isotope shifts show that the four vibrations split up, as our 
diagram illustrates, into two which depend mainly on the movement of CH groups and two 
depending essentially on the motion of hydrogen atoms, so that we may designate them 
Ey, EX, Ej, Et: The next class E{ contains a pair of vibrations with the 
normal parallel and antiparallel coupling, E}© and E;®. The class E> contains a single 
vibration, E>, involving antiparallel coupling, its complement with parallel coupling 
being the ‘‘ degenerate ”’ rotation, R®”. In the final class EZ each point-set contributes 
two vibrations, so that four coupled vibrations could be made by parallel and antiparallel 
combinations, except for the fact that one of the parallel combinations represents the 
“ degenerate ’’ translation, 7“”. The remaining three vibrations must be chosen to satisfy 
the symmetry and orthogonality relations, as has been done in the construction of the 
diagrams. These forms, however, are not uniquely determined, and the real forms must be 
combinations of them dependent on the force-system. The vibrations may be designated 
E7™, E7™, E;™, although the isotope shifts show that there is a certain amount of mixing 
of the characters implied in these symbols. 

A vibration may appear in the infra-red spectrum if any component of the time-variable 
part, AM, of the electric moment does not vanish. This is true for classes Ag, and EZ 
as is indicated in col. 12 of Table I. Thus four fundamental frequencies are allowed in the 
infra-red spectrum. For the one of class Ag, the non-vanishing component of the change of 
moment is M,, so that the band is of “‘ parallel ” type as is obvious from Fig. 1. For the 
three vibrations of class Ey the non-vanishing components are M, or M, or both, so that 
these bands are of ‘‘ perpendicular ”’ type, as can also be seen from Fig. 1. 

A vibration is allowed in the Raman spectrum when any component of the time-variable 
part, Aa, of the polarisability does not vanish. This is true for classes A,,, Ej, and E>. 
Seven fundamental frequencies may thus appear in the Raman spectrum. A Raman line 
is “ depolarised,”’ 7.e., its depolarisation factor is 6/7, if the average value, for all directions, 
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of the change of polarisability vanishes, 1.¢., if }(Aa,, + A«,, + Aa,,) = 0; otherwise the 
line is ‘‘ polarised,” 7.e., its depolarisation factor may lie anywhere between 0 and 6/7. 
Only totally symmetrical vibrations give “‘ polarised” lines. Thus the two vibrations of 
class A,, should give ‘“‘ polarised ”’ lines, whilst the four of class E} and the one of class E> 
should give ‘‘ depolarised ”’ lines. These statements, and the entries in col. 13 of Table I, 
are fully justified in Placzek’s theory (loc. cit.). 

We may consider the requirements of the Kekulé model as an example of the effects to 
be expected from loss of symmetry. The relation of the symmetry of this model to that of 
the D,, model is most simply expressed by first choosing the elements of symmetry which 
specify the latter in a different way from that adopted above. Using operational relations 
similar to those given earlier, we can replace C, by C,' and ¢ by o, in the specification of 
D: this new specification is such that, by merely leaving out the element C,“, we derive 
a complete specification of the Kekulé symmetry Dy, : 


G. Ao) C,® % 
ald Cy” o% 


Owing to the loss of C,“’, the number of symmetry classes of the vibrations of 
D., will be only half the number obtained for those of Dg, since a pair of 
classes which were distinguished from each other only by symmetry or anti- 

_ symmetry with respect to C, will now become a single class. The highest 
symmetry axis is C,'”, and hence vibrations are either symmetric to this or 
are degenerate. The labelling conventions are : 


{7 = symmetric to C, {1 = symmetric to C,'” { ’ = symmetric to oy 
E = degenerate 2 = antisymmetric to C, |’ = antisymmetric to o, 


On examining Table I it is seen that, with respect to the specifying elements of Dy, 
no distinction is to be drawn between the properties of classes A,, and By,; these were 


distinguished in relation to D,, inasmuch as one was symmetric and the other antisymmetric * 


to C,; but now C,” has disappeared [and with it C,” and i]. Therefore the four vibra- 
tions of the two old classes A,, and By, will go into a single new class, A,’ ; they are, in 
fact the totally symmetrical vibrations of the model D,,. Similarly, the other vibration 
classes belonging to the model Dg, can be grouped into pairs the separate members of which 
are distinguished only by symmetry or antisymmetry with respect to C,, so that when 
this element of symmetry is removed each of the pairs of classes gives a single class corre- 
sponding to the model Dy,. The scheme according to which the old symmetry classes 
associate themselves to form the new is given in Table II, together with the numbers of 
vibrations contained in each of the new symmetry classes. 

The selection rules governing the appearance of these vibrations in the infra-red and 
Raman spectra are determined by the following considerations. Any component of the 
change of dipole moment or of the change of polarisability which vanished in both of two 
combining symmetry classes must have done so because of symmetry elements other than 
C,; hence that component will vanish in the combination class. Any component which 
was non-vanishing in one only of the two combining classes must require symmetry or 
antisymmetry with respect to C,“ in order to vanish ; hence that component will not vanish 
in the combination class. Any component which was non-vanishing in both the combining 
classes will obviously be non-vanishing in the combination class. It follows that if the 
vibrations of both of two combining classes were forbidden in the infra-red or in the Raman 
spectrum, the vibrations of the combination class will be forbidden in the infra-red or in 
the Raman spectrum as the case may be; whereas if the vibrations of either of two combin- 
ing classes were allowed in the infra-red or the Raman spectrum, all the vibrations of the 
combination class will be allowed in the infra-red or in the Raman spectrum as the case may 
be. It is easy to see which infra-red bands will be “‘ parallel ” and which ‘‘ perpendicular.” 
As before, the totally symmetrical vibrations (class A ,’) will give “‘ polarised ’’ Raman lines, 
whilst all the other Raman-active fundamentals will give ‘‘ depolarised ’’’ lines. These 
conclusions are summarised in Table II. There should be 8 fundamentals in the infra-red, 
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and 14 in the Raman spectrum (4 polarised) ; 7 fundamental frequencies should be common 
(there is no centre of symmetry now) to the infra-red and Raman spectra. 


TABLE IT. 


Symmetry Classification of the Vibrations of the Benzene Model Dyy. 


No. allowed. 
Symmetry Combining No. of A . 
class. classes. vibrations. Infra-red. Raman, 
A,’ Aw Be F 4 (P) 
ig”? Aw By F F 


A 2” Aw les F F 
AS” Pm, = 1 (//) F 


E’ i, oo 7 (4°) 7 (D) 
Rs, &2 F 3 (D) 


Total 20 8 14 
(F = forbidden; P = polarised; D = depolarised; // and jt = parallel or perpendicular bands.) 





In order to deduce the requirements of the trigonally puckered model, D,4, we specify 
its symmetry, and the relation of this to the symmetry of the Dg, model, in the following 
way : 

Dee 4:8 ot vite pint Aa eee, hea 
Dya . . . . . . Cc, . Cc.“ 1 


Examination of Table I shows that we again obtain six symmetry classes, each compounded 
from two of the D,, classes as noted in Table III. The labelling conventions 
are as follows : 


fA = symmetric to C, {: = symmetric to C,” {e = symmetric to7 ; 
\E = degenerate 2 = antisymmetric to C, |,, = antisymmetric to7 an 


As Table III shows, 8 fundamental frequencies should appear in the infra- 

red spectrum ; these include the 4 infra-red fundamentals of the D,, model, 

and 4 more which in that model would be inactive in both the infra-red and the Raman 
spectrum. There should be 9 fundamentals in the Raman spectrum (4 polarised); and 
these comprise the 7 Raman fundamentals of the D,, model together with 2 more which in 
the D,, model would likewise be inactive in both spectra. The D,, model has a centre of 
symmetry, and hence there can be no frequency common to the infra-red and the Raman 
spectrum. 

TABLE ITI. 


Symmetry Classification of the Vibrations of the Benzene Model, Dag. 
No. allowed. 





Symmetry Combining No. of r s 
class. classes. vibrations. Infra-red. Raman. 
Ay Be F 4 (P) 
P ae oe F F 
Aw By, F F 
Aw By 3 (//) F 
E;» E,~ F 5 (D) 
El, Ey 5 (1") F 
Total 20 8 9 

(For key, see footnote to Table IT.) 
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(2) Isotopic Frequency Shifts : Teller’s Product Theorem.—As was mentioned in Part I, 
the problem of proving that any observed fundamental frequency belongs to a particular 
vibration form of a particular model is greatly facilitated by the fact that it has recently 
become possible to calculate numerical relations between the frequencies which the normal 
vibrations of any assumed model should exhibit in molecules which differ only isotopically 
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with respect to one or more of their atoms. The basis for this calculation is a theorem 
which was discovered by Dr. E. Teller and communicated by him to us in 1934; it was 
cited and applied by us in the preliminary notes on which these papers are based (Nature, 
1935, 135, 1033; 136, 680). A less general form of the same theorem was discovered 
independently by Redlich (Z. physikal. Chem., 1935, 28, B, 371). It is assumed that 
the vibrations are harmonic, and that the force-system remains unchanged by isotopic 
substitution. On the other hand, the theory assumes no knowledge of the force-system, 
nor indeed of any factor except the geometry of the model and the masses involved. 

The theorem relates to the product of the frequencies of vibrations of the same symmetry 
class, and shows how to calculate the ratio of such products for two isotopically related 
molecules. The ratio is expressed as a function of the masses of the atoms and moments of 
inertia of the molecules : 





ty 


rage = [Ge (ir) ‘(7 ) 


Il 


In this formula the dashes distinguish the isotopically related molecules. On the left- 
hand side, each product of the frequencies v is taken over all the vy frequencies of the sym- 
metry class N, degenerate frequencies being counted only once. On the right-hand side, 
in the numerator we have the product, taken over the total number, #, of point-sets which 
contribute to the vibrations, of the ratio of the masses, m, of the generating points of each 
point-set, each ratio being raised to a power my, equal to the number of vibrations contri- 
buted by the point-set to the symmetry class. The contributions must be calculated, as 
has already been explained, in relation to a conception of vibration which is enlarged to 
include the translations and rotations as “‘ null-vibrations,” that is, vibrations whose 
frequencies vanish in the absence of an external field. A degenerate frequency is counted 
as a single contribution. The denominator on the right-hand side represents the allowance 
that must be made for the circumstance that the symmetry class N may contain null- 
vibrations. For each translation so included, the formula provides a factor which is the 
ratio of the molecular masses M ; ty is the number of translations in the symmetry class N. 
For each included rotation there is a factor consisting of the ratio of the molecular moments 
of inertia, J;, belonging to the appropriate axis of inertia 7; ry is the number of rotations in 
the symmetry class N. ‘‘ Degenerate ”’ null-vibrations are counted only once in reckoning 
ty and r ‘Ne 

In our case only the hydrogen point-sets suffer a change of mass as between the isotopic- 


ally related molecules, and hence the numerator it is either 2 or 4 according as my (Table I, 
col. 9) is lor2. Where there is a translational null-frequency (Table I, col. 10) the denomin- 
ator under the square root will contain the factor 14/13. Where there is a rotational null- 
frequency the denominator will have the factor 1-21. This last factor is calculated by 
assuming the D,, model and the following dimensions : distance between adjacent carbon 
nuclei, 1-39 A.; distance between a carbon nucleus and the nearest hydrogen nucleus, 1-08 A. 
As the model is flat, the ratio I’’;/I'; is the same for all axes 7. Thus calculated, the ratios, 
t, for benzene (') and hexadeuterobenzene (’’) of the products of the frequencies falling 
within the different symmetry classes are as shown in Table IV. In order to obtain the 
ratios for the Kekulé model, it is necessary only to multiply these ratios together in pairs 
according to the combination scheme of Table II. A similar method can be applied to 
other models of lower symmetry than Dy,, although in general it will be necessary first 
to make any changes in the tabulated values which may be required by alterations in the 
moments of inertia. 


TABLE IV. 
Product Ratios for the Symmetry Classes of Dg. 


; le a ee ee MY i -e 
No. of vibns. 1 1 2 2 2 4 2 
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As Dr. Teller pointed out to us originally, the observed ratios are expected to be slightly 
smaller than the calculated values on account of anharmonicity. This has the effect of 
reducing the vibration frequency, and the reduction should be greater for the protium than 
for the deuterium compound, since the vibrations of the former have on the average the 
greater amplitude. 

(3) Assignment of Fundamental Frequencies—Our plan from now onward will be to 
make the D,, model our primary working hypothesis, since the evidence about the coinci- 
dences did not exclude it, and indeed rather tended in its favour. 

The first fundamental frequency of benzene to be correctly identified was the Raman 
frequency, 992 cm."1, which Placzek recognised (Liepziger Vortrdge, 1931, p. 100) by its 
intensity to be the totally symmetrical ‘‘ breathing ” frequency of the carbon ring [A,{"]. 
This assignment is confirmed by the fact that the line is highly polarised, and it has been 
clear since 1933 that the only other Raman line which is both strong and polarised, that at 
3062 cm.?, must represent the totally symmetrical hydrogen vibration [A,‘"] : it is known 
empirically that vibrations which are dependent essentially on the stretching of carbon— 
hydrogen bonds always have frequencies in this neighbourhood. These assignments are 
confirmed below by the isotope shifts. A tentative and partly successful attempt to allo- 
cate frequencies to all the eleven vibrations which, if the Dg, model is correct, should be 
active in either the infra-red or the Raman spectrum was made by E. B. Wilson, whose 
suggestions were based on the endeavour to fit frequencies to an assumed force system of 
simple type which had previously been adjusted to suit the two A,, frequencies (Physical 
Rev., 1934, 46, 146). The identification which we shall try to justify agrees with Wilson’s 
in five of the nine extra frequencies he assigned, but differs with respect to the other four. 
This new assignment, together with its basis in Teller’s product theorem, was first advanced 
by us in the preliminary notes already mentioned; it has since been adopted by Kohl- 
rausch {(Naturwiss., 1935, 28, 624; Z. physikal. Chem., 1935, 30, B, 305; Phystkal. Z., 
1936, 37, 58) and by Redlich and Stricks (J. Chem. Physics, 1935, 3, 834; Monatsh., 1936, 67, 
213). 

We may first consider the Raman frequencies. Our provisional model requires seven 
fundamental Raman lines, two polarised and five depolarised. In Raman spectra funda- 
mental frequencies are generally so much stronger than overtones and combination tones 
that they can at once be recognised. In the Raman spectrum of hexadeuterobenzene there 
are seven lines of outstanding intensity; all others are very weak by comparison; also two 
of the seven lines are polarised and the remainder depolarised. In benzene the position is 
more complicated in that one of the seven frequencies is double (1585, 1606 ¢m.~), making 
altogether eight prominent lines. However, E. B. Wilson suggested (loc. cit.) that this 
doubling is due to “‘ resonance splitting.” Fermi first showed in the example of carbon 
dioxide that an accidental agreement of frequency between a fundamental and a combin- 
ation tone (not between two fundamentals, which by definition are in independent degrees 
of freedom) could lead to a mutual disturbance of the vibrations with the result that they 
are replaced by others, one of greater and one of less frequency than the original coincident 
frequency. This type of interaction is subject to certain restrictions of symmetry. 
Wilson’s suggestion was that the observed doubling of the benzene line is due to resonance 
between a fundamental of frequency close to the mean value 1596 cm.“! and a combination 
tone (calculated frequency 1598 cm.~1) from the fundamentals 992 cm. and 606 cm.71. 
This is an interaction which on our assignment would be permitted by symmetry, and the 
effect of it would be that, instead of a weak line nearly coinciding with a strong line, there 
would be two lines of intermediate intensity, one having a greater and the other a smaller 
frequency than the original common frequency. The idea receives confirmation in the 
circumstance that the corresponding frequency in hexadeuterobenzene, 1559 cm.}, is 
single; this is as it should be, since now there is no coincidence with the combination tone 
from the corresponding fundamental frequencies, 945 and 577 cm." (calculated frequency 
1522 cm.-!; the combination tone itself is too weak to be observed). This point accepted, 
the application of the product rule to the isotope shifts indicates the assignment unequivoc- 
ally. There is no difficulty about correlating the lines of the two spectra: for the two 
polarised lines the correlation is clear from the polarisation and intensity, and for all the 
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others it is fixed by the fact that the isotope shifts must be in the right direction and cannot 
exceed the factor 2. 

The model requires four infra-red fundamentals. Benzene vapour gives four outstand- 
ing infra-red bands at 671, 1037, 1485, and 3080 cm.“ respectively, together with a band of 
intermediate intensity at 1808 cm.-! and a somewhat weaker band at 1965 cm.“ which we 
have also considered as possible fundamentals. The frequency 3080 cm." really represents 
two bands, but we shall explain this later. Hexadeuterobenzene vapour gives three out- 
standing bands at 503, 813, and 2294 cm.-!, two bands of intermediate intensity at 1333 
and 1450 cm.-!, and two weaker bands at 1616 and 1154 cm.~}, all of which we have taken 
into account in the selection of fundamentals. It is immediately obvious that for both 
compounds the extreme frequencies correspond and are fundamentals: in each case the 
high frequency is shown by its magnitude to be the C—H stretching fundamental which 
must be present (Part VII), whilst the low frequency must be a fundamental since it is too 
low for a summation tone and too intense for a difference tone.* These frequencies can be 
assigned, and the other fundamentals chosen and assigned in a unique manner, by an 
application of the product theorem to the isotope shifts, together with two supplementary 
considerations. The first of these is that the collective intensity in a symmetry class 
should agrée for the isotopically related molecules after allowance has been made for the 
greater amplitude of the vibrations of the lighter molecule. The second is that the high 
frequency, a C—H stretching vibration, cannot be the single frequency of class Ag, which is 
a C—H bending vibration, in spite of the fact that the former happens to have the right 
frequency shift : it is known empirically that C—H bending frequencies are much smaller. 
These considerations resolve the ambiguities of an unsupported application of the product 
rule, and it is satisfactory that the one legitimate choice of fundamentalsselects the strongest 
bands. We attribute the duplexity of the benzene band at 3080 cm.“ to resonance between 
a fundamental in this neighbourhood and the allowed combination tone from the Raman 
fundamental frequency 1596 cm.-! and the infra-red fundamental 1485 cm.* (calculated 
frequency 3081 cm.~) ; this is an interaction which according to our assignment would be 
permitted by symmetry. The corresponding hexadeuterobenzene band, at 2294 cm.", 


is single, as this explanation would require, since the calculated frequency of the corre- 


sponding combination tone is 2892 cm."}. 

The assignment of the eleven fundamental frequencies which are active in either the 
infra-red or the Raman spectrum, together with the values of the Teller product-ratios are 
given in Table V. It will be noted that the observed product-ratios are always a little 
less than the*corresponding calculated values, in agreement with the effect to be expected 
from the anharmonicity of the vibrations. 


TABLE V. 


Assignment of Raman and Infra-red Fundamental Frequencies. 
Frequencies (cm.~). 
c - . Product-ratios. 
Symmetry C,H,g. C.Dg. QQ —K—«— 
Activity. class. e—o__—_ _—_"—, Found. Calc. 
Cc 992 945 i 
Ax { tH) 3062 2292 } for cintg 
(C) 606, 1596 577, 1559 \ yh. 2-00 





Raman i + 
9 (H) 1178, 3047 867, 2264 Jf 
Ee (H) 849 661 1-28 1-29 
oni 671 503 1:34 1-36 
- (C) 1485 333 ' ; 
\Ey (H) 1037, 3080 813, 2294 } shee Hs 


Infra-red* f 


The two A ,, vibrations, each of which represents a combination of symmetrical contrac- 
tions and expansions of the carbon and hydrogen rings, split up remarkably completely into 


* A difference tone of frequency v4 — vg implies the presence before absorption of thermally excited 
vibrations of frequency vg. The proportion of molecules with these vibrations depends on the Boltz- 
mann factor exp. (— Avg/kT), which is small for the usual values of T and vg. 
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one vibration involving the pulsation of undeformed CH groups and one vibration in which 
nearly all the motion is in the hydrogen atoms, each atom-pair, CH, vibrating about its 
centre of gravity. If this were an absolutely accurate description of the motions, the 
proportional frequency shift, (vo15,/vo,p,) — 1, would be 4% for the carbon vibration and 
36% for the hydrogen vibration, whereas the actual shifts are 5% and 34% respectively. 
These are the frequencies which give the very strong and highly polarised Raman lines, and 
reference to the tables in Part III will show that the intensities and polarisations of 
corresponding lines for benzene and hexadeuterobenzene agree to within the accuracy of 
measurement. 

The four EZ} vibrations likewise split up rather accurately, as is evident from the isotope 
shifts, into two which depend on the relative motion of undeformed CH groups (“‘ carbon 
vibrations ’’), and two which depend on the motion of hydrogen atoms relatively to the 
carbon atoms to which they are attached (“‘ hydrogen vibrations”’). Furthermore, the 
carbon vibrations divide themselves fairly well into one which involves the stretching of 
C—C bonds (“ carbon-stretching vibration’) and one which involves the bending of 


CCC valency angles (‘‘ carbon-bending vibration ’’). This follows because if one assumes 
as an approximation that the restoring force in the A,‘ vibration arises solely from the 
alteration of length of the bonds between adjacent carbon atoms, derives the force-constant, 
and then calculates the frequency of a vibration of symmetry E+ under the assumption 
that this carbon-stretching force-constant is the only one involved, the value obtained is 
close to one of the two which are observed. With the simplifying assumption indicated, 
the carbon-stretching E; vibration should have a frequency */5/2 times that of the totally 
symmetrical carbon vibration, ¢.g., 1582 cm.~4 for benzene (found : 1596 cm."4)._ Evidently 
the higher carbon frequency is a nearly pure stretching frequency, so that the lower, 
which has to be orthogonal, must be mainly a bending frequency. Again, the two hydrogen 
vibrations can be characterised one as depending on the stretching of C—H bonds (hydro- 


gen-stretching vibration), and one as depending on the bending of CCH valency angles 
(hydrogen-bending vibration). This is evident from the fact that the higher of these fre- 
quencies is very close to the A,” frequency which cannot involve hydrogen bending for 
reasons of symmetry. The higher hydrogen frequency is therefore essentially a stretching 
frequency, and the lower must be mainly a bending vibration. Now the E} vibration 
forms given in Fig. 1 have to be made into combinations, but the foregoing approximate 
considerations based on the observed frequencies show that the real vibration forms cannot 
be very different from those given, 7.¢., there cannot be a great deal of mixing. The two 
hydrogen vibrations are separated in the Fig. into a stretching and a bending vibration, 
and the two carbon vibrations into one which is mainly of the stretching type and one 
mainly of the bending type. These last vibrations can, indeed, be combined in an ortho- 
gonal manner to make, ¢.g., a perfectly pure bending vibration and a purer stretching vibra- 
tion: (C), — (1/2/3)(C), (bending) and (2/3*/3)(C), + (C), (stretching); the result of 
this, however, is only a slight modification of the smaller vibration vectors (Fig. 2), and we 
do not know that it represents reality any more accurately than did the original vibration 
forms. As an approximation, therefore, we may identify the frequencies with the vibration 
forms of Fig. 1 in the following way : 


Ej@n Ej@™ Eye Ee 

(C-bending). (H-stretching). (C-stretching). (H-bending). 
@ GE  cocerqedéscuegenapestes 606 3047 1596 1178 
PUREE Sieistictykecsewccncenas 577 : 2264 1559 867 


The vibration E>“ presents an unsolved problem in the matter of intensities. As there 
is only one vibration in the symmetry class, the intensities in the isotopically related spectra 
should correspond ; 1.¢., the benzene intensity should be slightly greater. Actually, the 
integrated intensities are: benzene 0-9, hexadeuterobenzene 1-4; and, in spite of the fact 
that no correction has been applied for the variation of plate-sensitivity with wave-length, 
the difference is probably beyond the experimentalerror. A possible way of escape suggests 
itself as a consequence of the consideration that in the Raman measurements we have 
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experimented with liquids. Theoretically it is necessary only that the collective intensities 
within a symmetry class should bear a simple relation as between the isotopic molecules. 
Now, the second member of the symmetry class E> is theoretically a rotation, but in the 
liquid state this would go over into a rotatory vibration which wouid not normally be 
observed but might yet put right the collective intensities. The clearing up of this point 
is at present our strongest motive for investigating the Raman spectra of gaseous benzene 
and hexadeuterobenzene. 
Fic. 2. 


EZ © E; ® 





‘ BS on Py sca . 
(On — 5 79a g_(Ca + (Ors (H),—(H), (HW), + (H), 


For each 


point-set t+: f=1/V3:1 4: f=1/V7:1 —— 4:f=1/2:1 








Alternative Ej and E, Vibration Forms. 


The vibration A,™, which gives rise to the unique “ parallel ”’ bands in the infra-red 
spectra, is also worth further investigation. As there is only a single vibration in the 
symmetry class, we should expect the bands to have the same form except for the difference 
of breadth depending on the different moments of inertia; and as far as we can judge this is 
so. On the other hand, we should have expected a narrower and stronger Q-branch than is 
found, and can only assume that our slit-breadth has caused a certain averaging of those 
intensities which vary strongly within a small range of wave-length. The A,, band should 
be the simplest of all the infra-red bands, and it would be desirable to investigate it with a 
much larger resolving power. 

The relation between the E> and Ag, frequencies illustrates the inadequacy of the 
‘“‘ valence-force ’’ approximation in its application to benzene. The simplest valence- 
force system is that which was used by Wilson for his assignment. Six force constants are 
assumed, three for the carbon bonds and three for the hydrogen bonds; in each case one 
constant is for stretching, one for bending in the plane of the ring, and one for bending in a 
direction normal to the ring. Each of the vibrations mentioned is the only one in its 
symmetry class. In the vibration E>, the plane of the hydrogen ring rocks with respect to 
the carbon ring about a common diameter, whilst in the vibration A,, the hydrogen ring 
moves co-axially with respect to the carbon ring. Each vibration therefore involves one 
and the same force-constant, viz., that applying to the bending of hydrogen bonds perpen- 
dicularly to the carbon ring, and hence the two frequencies should differ simply on account 
of the different reduced masses. The reciprocal of the reduced mass appropriate to the E; 
vibration is 1/mg + (%q2/r7¢2)(1/mo), where the m’s are the masses and the 7’s the ring-radii of 
the two kinds of atoms. The corresponding factor for the Ag, vibration is 1/m, + 1/meg. 
The frequencies should be in the ratio of the square roots of these factors, and for benzene 
the ratio should be 1-081; the observed ratio is 849/661 = 1-266. The discrepancy 
amounts to more than 100 cm.“ when we try to calculate one frequency from the other by 
using the theoretical ratio. Much greater discrepancies can be found in the other sym- 
metry classes for which simultaneous equations have to be solved in calculation from the 
force-system, and therefore considerable circumspection is necessary in relation to the pub- 
lished calculations of Kohlrausch and others based on this force system. The only force 
“constants ’’ which seem to behave in a reasonably constant manner are the two stretching 
constants. 

We have still to refer to the three vibrations of class Ez which give “ perpendicular ” 
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bands in the infra-red spectrum. Two of the bands show an increased intensity and one a 
rather strongly decreased intensity in hexadeuterobenzene as compared with benzene. 
The high frequency, E;®*, represents an almost pure hydrogen stretching vibration, as is 
evident from the proximity of the figures to those of the totally symmetrical frequency, 
A,®. The other two frequencies divide themselves roughly into a carbon vibration, 
E;, and a hydrogen bending vibration, E7™, but, as is obvious from the isotope shifts, 
there is some mixing of these characters. The vibration forms of Fig. 1 have to be made 
into linear combinations, and we can give a definitely improved representation by combining 
E;®™ with E;®* as orthogonal sum and difference. One of the vibrations thus obtained 
represents pure bending and the other pure stretching of the hydrogen bonds (Fig. 2) ; 
the bending vibration, however, has still to undergo a certain amount of admixture with 
the carbon vibration E7™. 

In order to complete this consideration of the eleven “‘ active ’’ fundamental frequencies 
we refer to Part VI, where three vibrations, A,%, E7™, and E}™, are identified as 2- 
quantum progressions in the resonance spectrum, and to Part VII, where it is shown that 
owing to molecular deformation in the liquid state the Raman fundamentals appear in the 
infra-red spectrum whilst the infra-red fundamentals appear (weakly) in the Raman 
spectrum. 

We cannot go far with the identification of the nine inactive frequencies in advance of 
observations on the partly deuterated benzenes, but a few tentative assignments can be 
made. One source of inactive frequencies consists in the “‘ forbidden ” bands of the liquid 
infra-red spectra. There are two such bands that can be correlated in the benzene and 
hexadeuterobenzene spectra, but are not any of the known Raman fundamentals. One 
at least of these is most unlikely to be a combination tone because of its large intensity and 
low frequency (773 cm.*! in benzene and 754 cm. in hexadeuterobenzene) ; as regards the 
other (1298 cm.“ in benzene and 979 cm.*4 in hexadeuterobenzene) it is impossible to be 
certain on this point. However, both frequencies occur (weakly) in the Raman spectra 
of both benzene and hexadeuterobenzene. The electronic spectra constitute a second 
possible source of inactive frequencies. We may first note the low vibration frequency of 
the fluorescence spectra (161 cm." in benzene, 141 cm. in hexadeuterobenzene). Its 
strength suggests a vibration having the common symmetry of the upper and lower states, 
but if this is true we cannot understand why no signs of the frequency can be found in the 
resonance emission spectra. The frequency is really much lower than any fundamentals 
are expected to be, and altogether it does not seem clear that it should be regarded as a 
fundamental. In the resonance spectra there are three unassigned possible fundamentals 
for which the isotope shift is known, and one which could be found only in the benzene 
spectrum. The complete list of candidates for the status of fundamentals which are for- 
bidden in both the Raman and the infra-red spectrum is given in Table VI. 


TABLE VI. 
Additional Possible Fundamental Frequencies. 


Forbidden infra-red frequencies. Electronic spectra. 
1 2 3 4 5 6 7 
¢ A . ¢ 7 . Fluor- ‘ Y 4 
I.-red. Raman. Mean. I.-red. Raman: Mean. escence. Resonance emission. 
C,H, 773 781 777 1298 1285 1291 141 395 765 888 1219 
C,D, 754 750 752 979 976 978 161 — 707 791 961 


af 

















Assignment a> — AE oP | allege let A® 
The nine inactive vibrations are A,™, By, By®, BP, Bo, BL, Bo, E@, 
Ei®, It is necessary to ascertain as far as possible the order of magnitude of their 
frequencies. If we assume as an approximation that the restoring force in the unknown 
vibration A,®, and likewise in the known Raman vibration Ej (1178 cm.-! in benzene), 
arises solely from the bending of the hydrogen bonds, the unknown and known frequencies 
should differ only on account of the reduced masses ; in fact, the frequencies should stand in 
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the ratio of the square roots of the reciprocals of the reduced masses. In the same approxi- 
mate way we can connect the unknown vibration B,‘? with the Raman vibration Ej 
(606 cm. in benzene) on the assumption that in each case the restoring force arises solely 
from the bending of the carbon-carbon bonds. The vibration B,® is a hydrogen-stretching 
vibration, which we can similarly link with the known Raman vibration A,“”. The vibra- 
tions B, and Ej are expected to be low, but cannot be estimated from any known 
frequency. The frequencies B,™ and E;}™ can be treated as hydrogen-bending frequencies 
and can be linked, ¢.g., with the infra-red frequency A,™. The vibration B,\” is a carbon- 
stretching vibration which can be calculated on similar principles from the Raman vibration 
A,. Finally, the vibration B,® is a hydrogen-bending vibration and may be obtained 
from the Raman vibration E}®*, The ratios of the reduced masses are as follows, and the 
conversion factors required to pass from the known to the unknown frequencies will be 
the square roots of these quantities : 


Ex fA... [(L/my) + (ru2/ro*) me] L(g) + (5(rn2/r0%) — 67/70) + 93/8] 
EXnjpo || | gis 

Ao /B , os ae 

4B, s+ + [CU /mg) + {8 — Arar} Em) + (U/mg) 

Es) BO | EL mg) + (1/rmg)}/E(L mig) + {5(r2/702) — 6(r—4/¥c) + 93/8] 

Ag /ES® | [Ljatig + 3(ru/¥e) — 232/mo}/[(1 rt) + (1/c)} 


It must be remembered that the results (Table VII) of any of these calculations, except that 
concerning the hydrogen-stretching frequency (the third), could be in error by 100 cm.? 
or even twice that amount in some cases. 


TABLE VII. 
Approximate Frequencies of Inactive Fundamentals. 


B 2. Be. B®. a=. Bf. B®. Et (C) E; (H) 
766 3062 low 1000 1720 1145 low 890 
730 2292 low 920 1636 820 low 780 


The forbidden infra-red frequency No. 1 (Table VI) agrees with B,“”, and one may also 
say that it must approximately satisfy the product theorem, because, although the B,” 
frequencies have not been observed, they are certain to be close to the predicted values. 
The resonance frequency No. 7 agrees with A,®, and the isotope frequency ratio, z.c., the 
Teller ratio for a symmetry class of one vibration, corresponds so closely to the expected 
value (Found: + = 1-27. Calc. : + = 1-29) that this assignment is indicated. Owing to 
the large uncertainties attaching to the calculated frequencies, the other possible funda- 
mentals can be distributed in several ways amongst the available vibrations, but there 
would be little value in any attempt to make a definite allocation at the present time. 

(4) Assignment of Overtones and Combination Tones.—As more than half of the funda- 
mental frequencies have now been identified, it seems profitable to see how far they enable 
us to explain as overtones or combination tones the weaker Raman lines and infra-red 
bands. The selection rules place restrictions on the appearance of the various combinations 
in these spectra, and hence a certain check on the assignment of the fundamentals is obtained 
by observing whether the combinations appear in the right spectra. We shall, of course, 
remember that strong combination tones may conceivably appear in the wrong spectra 
when we experiment with the liquid. 

We shall restrict our considerations to first overtones and binary summation tones. 
The number of combinations allowed in the spectra is then comparatively small, and the - 
possibility of obtaining agreement with observation by accident is correspondingly re- 
stricted. Some of the lowest Raman frequencies may be difference tones, which we do not 
take into account, but it is hardly likely that combinations of more than two fundamental 
frequencies would be observed in the Raman spectrum. In the infra-red spectrum combin- 
ation tones are relatively stronger, and it is possible that some of the weakest bands may 
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represent ternary combinations; and also some of those of lowest frequencies may be 
difference tones. 

The selection rules can be derived from Table I. A combination will be allowed to 
appear in a particular spectrum when its wave-function has the symmetry properties of 
one of the allowed symmetry classes, 7.¢., Ag, or Ez for the infra-red spectrum and Ay, 
E;, or E> for the Raman spectrum. The wave-function of an overtone or combination tone 
has the symmetry properties of the product of the wave-functions of the constituent funda- 
mentals. This follows for combination tones because their wave-functions are actually 
the products of those of the constituent fundamental vibrations. It follows for overtones 
from the fact that their wave-functions, being essentially Hermitean functions, are odd or 
even functions of the normal co-ordinate according as the quantum number is odd or 
even, and hence transform under symmetry operations exactly as would the appropriate 
powers of the wave-function of the fundamental. As an example of the method of 
deriving the selection rules we may consider the wave-function of a binary combination 
between a B,,, frequency and a B,, frequency. This must have the symmetry properties 
denoted by + + — — towards the four “ specification elements’’ of Table 1; for the 
symbols + and — are abbreviations for the factors, + 1 and — 1, by which the symmetry 
operations multiply the normal co-ordinate or wave-function, so that we have merely to 
multiply together the factors belonging to the constituents of the combination. The 
symmetry specified by + ++ — — is, however, that of the class Ag,, and hence the combina- 
tion considered will be allowed in the infra-red spectrum; moreover, its band will be of the 
“parallel ’’ type. The activity of other combinations can be deduced in the same way. 
When degenerate vibrations are involved, different symmetry properties can result according 
to the way in which the orthogonal pairs are chosen; thus two multipliers «* can yield + 
or e* (depending on how the signs of the exponents are combined), whilst two + factors may 
give + or — or +. The allowed combinations are in Table VIII. 


TABLE VIII. 
Allowed Binary Combination Tones. 


Infra-red. Raman. 


™ //. M 4". p< 6/7. p = 6/7. 

Ay + As By + E, Ay +A Ag tAgy Ay + Ey, Ay + Ey 
By + Ba, By + E; Aw + Aw ButByw Apt. Ay +E, 
E} + Et By + Ei Ba + Bey But By Ag t+ E,, Aw t+ En 
E, +E, Aw + E; E; + E; By + Ex, By + Ew 
Awt+Es ES +Es B, +E;, By +E; 

Ay + Ex E, +E, By + Ex, Buy + Ew 

ES +E,, Ej + Ey Ey +E, Ej +E,, ES +E 











In Table IX we give a list of all the observed Raman lines of benzene and of hexadeutero- 
benzene which have not been assigned to fundamental vibrations and therefore might 
conceivably be first overtones or binary summation tones (all first overtones are allowed in 
the Raman spectrum). We are able to suggest assignments for many of them, and it is 
satisfactory that in a considerable number of cases the same assignment suits the frequencies 
of both spectra. The one line for which the polarisation has been examined is the benzene 
line at 3185 cm.-!; Cabannes and Rousset found this to be polarised, and it is allowed by 
the selection rules to be polarised according to the assignment given. 

Table X contains all the observed infra-red frequencies of benzene and hexadeutero- 
benzene, both as gas and as liquid, that have not been identified with fundamental vibra- 
tions, and hence might possibly be binary combination tones (first overtones are forbidden 
in the infra-red spectrum). A number of these frequencies are assigned as binary sum- 
mation tones, and again in many instances the same assignment fits both compounds. 
The appearance of the inactive frequency B, in several of the combinations lends support 
to the provisional identification of this frequency as a fundamental. 

3R 
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TABLE IX. 


Assignment of First Overtones and Binary Summation Tones in Raman Spectra of 
Benzene and Hexadeuterobenzene. 


Benzene. Hexadeuterobenzene. 


» (obs.). v (calc.). Combination. "Y (calc.). v (obs.). 


404, 685, 802 _ — — 337, 710 
824, 1285 —_ -- — 790, 976 


1326 671 + 671 = 1342 24, ‘ 503 1000 
1404 nan ~~ -_ i 
1449 606 + 849= 1455 Ef 4 E>™ _ 
{671 + 1037 = 1708 A,° "aD + E-® 
1693 x 
\s49 + 849 — 1698 oE- ( 661 
{ 777 + 1037 = 1814 Bio +50" 
1827 1219 + 606 = 1825 A~? + Eton 
992 + 849= 1841 4,° %o +2 E-® 








1936 
2030 1178 + 849= 2027 Ef + +E™ 


1988 992 + 992= 1984 24, 
2128, 2293 — — — 


2358 1178 + 1178 = 2356 2E;%» _ 


2454 (1506 + 849 = 2445 EF 4 E™ — ~~ 
(1219 + 1219 = 2438 24, 961 + 961 = 1922 1931 


— — Eten + ES 577 + 1559 = 2136 2128 


2543 1037 + 1485 = 2622 ES @™*4 EF 813 + 1333 = 2146 2145 
2618, 2688, 2925 sane aioe 2461, 2571, 2739 


- — Ay + BE 945 + 1559 = 2504) 2510 
_ — Aa + Et On 961 + 1559 = 2520f 
2948 1485 + 1485 = 2970 ~ J “an — 
3164 ah = ie 
3187 1596 + 1596 = 3192 2E;* 1559 + 1559 = 3118) 
-- — E;o + a 813 + 2294 = 3107) 
3467 bem ia = 
3680 3062 + 606 = 3668 4,07 + ES — 
3916 3062 + 849= 3911 4, +4E;™ — 
— — 4,0 +A @ 945 + 603 = 1448 t 
* Forbidden fundamental at 1333 cm.'. + Forbidden combination (strong in infra-red). 


TABLE X. 


Assignment of Binary Combination Tones in Infra-red Spectra of Benzene and 


Hexadeuterobenzene. 
Benzene. Hexadeuterobenzene. 








v (obs.). v (obs.). 
EY 
Gas. Liq. v (calc.). Combination. v (calc.). Gas. Liq. 
793, 962 a -— — a 826,926 840,925 
1143, 1240 1298 — —_— — 1009 979, 1012 
1377 1381 606+ 777= 1383 EX + BO -- -— — 


= 1529 849+ 671= 1520 E-™+ A™ 503 = 1164 1154 1159 
an aah a oe 1212 1218 


1617 —_ (606 + 1037 = 1643) ES+ Ez —(i-s 813 = 1390 1385 1393 
— 1669 922+ 671= 1663 A 14 Ag a) 503 = 1448 1450 1454 
1808,1906 1810 _ _ 1630 _ 
1965 1963 1178+ 777= 1955 3 Ef@+ Bf ad 762= 1619 1616 1619 
_ 2223 1178 + 1037 = 2215 Ess + Ey “CHa 813 = 1680 1692 1690 
2288 —_ = - 1860 1866 
_ 2356 1178 + 1178 = 2358* 2E+@s — 
_ 2629 1596 + 1037 = 2633 Ej On + E7an — 
2857 3655 —_ — 
—_ 3700 606 + 3080 = 3686 = EX 4 ES — hes (577 + 2294 = 2871) 
— 4060 992+ 3080= 4072 A,“ *o + Ez —( ies (945 + 2294 = 3239) 
— 4604, 5984 _ — 
_ _ -- Ea + Eze 2264 + 2204 = 4558 


* Forbidden combination; present in Raman spectrum. 
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(5) Conclusions.—Our investigation, as far as it has yet progressed, supports the Dg, 
model; this is indicated by the success with which it is able to explain the salient features 
of the spectra, and especially the isotope shifts (5 numerical relations). 

On the other hand, the D,, (Kekulé) model uniformly fails to exhibit any of the distinc- 
tive spectroscopic features by which it might have revealed itself; most notable is the non- 
appearance of Ej} frequencies in the infra-red spectra of benzene and hexadeuterobenzene 
vapour. 

We have found nothing especially indicative of the D,; (puckered) model, the reality of 
which must, however, remain an open question pending the identification of certain further 
fundamental frequencies (Ej and B,,). 

We are proceeding with the study of the partly deuterated benzenes according to the 
plan outlined elsewhere (Nature, 1935, 185, 1033; this series, Part I). 
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219. Resolution of an Allene Hydrocarbon into Optical Antipodes 
by Asymmetric Catalysis. 


By PETER MAITLAND and WILLIAM H. MILLs. 


Or the various structural types of carbon compounds to which van ’t Hoff’s tetrahedral 
theory assigns molecular dissymmetry the unsymmetrically substituted allenes have proved 
the least amenable to experimental investigation. The prediction that enantiomorphism 


would be shown by allenes of the general formula pCi was made by van ’t Hoff in 


1875 (‘‘ La Chimie dans l’Espace,” p. 29) and many unsuccessful attempts to verify it have 
been recorded (Dimroth and Feuchter, Ber., 1903, 36, 2238; Lapworth and Wechsler, J., 
1910, 97, 38; Hurd and Webb, J. Amer. Chem. Soc., 1927, 49, 546; Faltis and Pirsch, Ber., 
1927, 60, 1621; Faltis, Pirsch,and Bermann, Ber., 1930, 63, 691; Ziegler and Sauermilch, 
Ber., 1930, 68, 1851). 

While the probability of van ’t Hoff’s view of the configuration of allene was almost 
universally admitted, the linking of the central carbon atom of the allene triad differs so 
considerably from the types of linking for which the tetrahedral theory has been shown to 
hold that its application in this case was necessarily subject to some uncertainty. More- 
over the degree of configurational stability which allenes would exhibit was doubtful. The 
molecular configuration of this class of compounds was therefore a point of special interest 
in the stereochemistry of carbon, and we have been engaged for some time on its 
investigation. 

On account of the difficulty of preparing tetra-arylallenes containing the salt-forming 
groups required for resolution through combination with optically active acids or bases we 
tried other methods, and found in asymmetric catalysis a means of obtaining an allene in 
optically active forms. 

In preliminary experiments on the synthesis of tetra-arylallenes we had discovered that 
ay-diphenyl-ay-di-1-naphthylallene (1) crystallised more readily than most hydrocarbons of 
this class. 


oy bd st 
(1) C,H Cc pe CgH>C(OH) CHC pp 7 ar) 
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We therefore selected this compound for investigation * and studied its production by cata- 
lytic dehydration of «y-diphenyl-ay-dt-1-naphthylallyl alcohol (II). We found that by the 
employment of optically active catalysts the dehydration could be conducted asymmetric- 
ally, and by this means we were able to isolate the two enantiomorphous forms of the allene. 

The required diphenyldinaphthylallyl alcohol (II) was prepared in two ways based on 
methods employed by Vorlander and Siebert (Ber., 1906, 39, 1024) for the synthesis of tetra- 
phenylallene. 

Of these methods, one started with dibenzoylmethane (III) and the other (which was 
less advantageous) with benzylideneacetophenone (IV). Each of these substances could 
be converted through the employment of 1-naphthylmagnesium bromide, as indicated in 
the following schemes, into phenyl 8-phenyl-B-1-naphthylvinyl ketone (V1) : 


(I1I.) Ph-CO-CH,*COPh Ph:CH°:CH-COPh _ (IV.) 
CyH,"MgBr | cutive 


(V.) C,sH,-CPh(OH)-CH,-COPh C gH *CHPh-CH:CPh-O-MgBr 


Bry 


C,9H,*CHPh-CHBr-COPh 


/ 
y & 
C,.H,-MgBr 
(VI.) C,j9H,-CPhiCH-COPh ————> (II) 


Though this ketone should exist in two geometrically isomeric forms, only one modification 
was actually obtained, a bright yellow compound, m. p. 107—108°, which could be trans- 
formed, again with the aid of naphthylmagnesium bromide, into the required diphenyl- 
dinaphthylallyl alcohol (II). The alcohol thus obtained, like the ketone, was homogeneous 
in respect of the possible geometrical isomerism due to the presence of the ethylenic link. 
By the dehydration of the alcohol (II) diphenyldinaphthylallene was obtained as a colourless 
crystalline compound, melting at 242—244°, very sparingly soluble in the common organic 
solvents. 

The dehydration of the alcohol is easily effected. It can be brought about, for example; 
by heating with acetic anhydride, and also, catalytically, by heating in benzene solution 
with a small proportion of ~-toluenesulphonic acid, a method of dehydrating tertiary 
alcohols described by Wuyts (Bull. Soc. chim. Belg., 1912, 26, 304). To examine the possi- 
bility of asymmetric catalysis d-camphorsulphonic acid was used as the catalyst (compare 
Wuyts, ibid., 1921, 30, 30). The alcohol (II) was heated in benzene solution with 1%, of 
its weight of the sulphonic acid. Under these conditions the dehydration is complete in 
about 15 minutes. At the high dilution employed, the rotation due to the added d-camphor- 
sulphonic acid was too small to be measurable, but during the reaction the optical activity 
increased in a remarkable manner, and the final rotations, «;4,,, observed (on the solution 
diluted to half its original concentration) were usually from + 1-25° to + 1-75°. After 
removal of the acid the strongly dextrorotatory solution contains, in addition to a 
minute amount of an unidentified yellow compound, two substances readily separable 
by fractional crystallisation. These are: (i) the inactive allene, m. p. 242—244°, and (ii) a 
smaller amount of a much more soluble compound separating in large well-formed crystals, 
m. p. 158—159°, having the same percentage composition as the allene, and showing in 
benzene solution the high specific rotation [a] 54g, -+ 437°. 

The catalytic dehydration of the alcohol (II) was then repeated, /-camphorsulphonic 
acid being used. The resulting phenomena were the counterpart of those observed with the 
d-acid. The solution became strongly levorotatory and the products consisted of the 
inactive form of the allene, m. p. 242—244°, together with the levo-antimer of the dextro- 
rotatory compound of m. p. 158—159°. This levorotatory compound melted at 158—159°, 


a 
* It has long been recognised that the dissymmetry of the molecular type Nere:cg” should 
b d 


persist when a becomes identical with c and } with d. 
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was found to have the percentage composition of the allene, and showed the specific rotation 
[«]54g1 — 438° in benzene solution. 

When saturated ethereal solutions of the d- and the /-antimer of m. p. 158—159° were 
mixed, the inactive allene of m. p. 242—-244° was at once deposited. It was identified by 
its crystallographic characters as well as by its other properties. The inactive allene is 
therefore a racemic compound and the antimeric substances of m. p. 158—159° are its 
enantiomorphous components. Van ’t Hoff’s prediction of the enantiomorphism of un- 
symmetrically substituted allenes is thus verified. 

The successful application of asymmetric catalysis in this case was made possible by a 
combination of various favourable circumstances : (i) the almost complete absence of by- 
products in the reaction, (ii) the crystallising power of the active and the inactive allene, 
combined with their great difference in solubility, and (iii) the high specific rotation of the 
active allenes, which greatly facilitated their detection. 

Consideration of the catalytic dehydration of the alcohol allows certain conclusions to 
be drawn concerning the manner in which the active forms of the allene arise. 

The alcohol (II), containing an asymmetric carbon atom, consists of an equimolecular 
mixture of d- and /-forms. If the removal of the water molecule took place exclusively, 
let us say, by cis-elimination,* the d-alcohol would be converted by dehydration into one 
only of the optically active forms of the allene, and the /-alcohol into the antimeric form. 
Complete dehydration of the inactive alcohol would then necessarily yield equal quantities 
of d- or /-allene, and the same would be true if the removal of water took place entirely by 
trans-elimination. 

The possibility of obtaining an active product by complete dehydration therefore proves 
that the removal of water must take place partly by cis- and partly by érans-elimination. 

When the catalytic dehydration of the dl-alcohol is carried out with an inactive catalyst, 
such as f-toluenesulphonic acid, the proportion of cis- to ¢rans-elimination must be the same 
for the d-alcohol as for the /-alcohol. But when an optically active catalyst like camphor- 
sulphonic acid is employed, the relative proportions of cis- and ¢rans-elimination of water are 
different for the d- and the /-alcohol and unequal quantities of the enantiomorphous forms 
of the allene are produced. The optical rotation of the benzene solution of the products 
indicated that, with d-camphorsulphonic acid under the conditions employed, the antimeric 
forms were produced in the proportion of approximately 52-5% of d-allene to 47-5% of 
lallene, the excess of d-allene amounting usually to 4—5% of the total allene formed. 

d-Bromocamphorsulphonic acid was also tried as catalyst. Like the Reychler acid, it 
acted differently on the two antimeric components of the d/-alcohol, but to a less extent, the 
proportion of active allene resulting (in this case the /-antimer) being only 1-7% of the total. 

When benzene solutions of the tertiary alcohol (II) are heated with camphorsulphonic 
acid, a purple coloration appears. This is probably due to the presence of a small quantity 
of the coloured (carbonium) form of the camphorsulphonate of the alcohol (II), since 
tetra-arylallyl alcohols, as has been shown by Ziegler (Annalen, 1923, 434, 34), resemble 
triarylcarbinols in their behaviour, and form coloured derivatives with acids. 

The intermediate formation of the alcohol camphorsulphonate would suggest that the 
mechanism of the catalytic dehydration consists of the following stages : (1) Esterification 


O+SO4°C 19H 50 


H 


10H 150 


+ - 
CygH7°CPh:C:CPh’C,)H, + H + SO,°C,9H,,0 
of the tertiary alcohol by the camphorsulphonic acid, (2) dissociation of the resulting ester 
(VII) into the camphorsulphonic ion and the coloured carbonium ion (VIII), (3) immediate 


* In applying the terms cis- and frans-elimination to saturated compounds the converse of cis- and 
trans-addition to the resulting ethylenic compounds is understood. 
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decomposition of the latter into a hydrogen ion (thereby regenerating the sulphonic acid) 
and the allene. 

If this view of the mechanism of the dehydration is correct, it gives an indication of the 
reason why the reaction should proceed asymmetrically. 

When the molecule of this camphorsulphonic ester is in the configuration necessary for 
the ¢rans-elimination of camphorsulphonic acid, the general arrangement of the groups will 
be that represented in Fig. la. (It is not known which of the two possible geometrical 
isomers is represented by the only form of diphenyldinaphthylallyl alcohol obtained, but 
this scarcely affects the following considerations and the compound may be regarded pro- 
visonally as that in which the naphthyl group is in the érans-relationship to the asymmetric 
carbon atom as shown in the figure.) 


Fic. la. Fic. lb. 


Ph 


CH, 
97502 Coltw0 


In this configuration of the molecule the camphorsulphonic group is very closely sur- 
rounded by three rigid, widely extending aromatic groups. Asis clearly seen from a model, 
these groups are in such proximity as to interfere greatly with one another’s freedom of 
movement. Their most probable relative positions—and particularly the orientation of 
the camphorsulphonic group—will therefore be closely defined. 

Under such conditions the dissymmetry of the camphorsulphonic group must cause its 
relationship to its immediate environment in the molecule to be considerably affected by an 
interchange of the phenyl and the naphthyl group on the asymmetric carbon atom. This 
implies that the rate of ¢rans-elimination of water by the process suggested should be greater 
in one of the two antimeric forms of the alcohol than in the other. 

In the configuration necessary for cis-elimination (Fig. 1b), however, the camphor- 
sulphonic group is much less closely enveloped by aromatic groups, since it has only two 
of them as immediate neighbours, the space filled in the other configuration by a phenyl 
group now containing only a hydrogen atom. In this configuration, therefore, an inter- 
change of the phenyl and the naphthyl group would be much less likely to cause an 
appreciable difference in the rate of elimination of the camphorsulphonic ion. Since the 
experimental results show that a considerable proportion of the water must be removed 
by ¢rans-elimination, these considerations indicate in a general way how the difference in 
the relative amounts of cis- and trans-elimination from the d- and the /-form of the alcohol 
could be accounted for. 

As has been stated, the optically active allenes show great configurational stability, and 
it is difficult to convert them by heating into the racemic modification. When the d-allene 
is heated to 190° in presence of air, it gradually loses its optical activity, but this is due to 
some chemical change other than simple racemisation, since very little of the racemic form 
can be isolated from the product. The d-allene, dissolved in decalin and heated to 190° 
in an indifferent atmosphere, could be recovered almost unchanged after 9 hours. By 48 
hours’ heating, however, under these conditions it was possible to effect the transformation 
of a considerable amount of the d- into the racemic form. 

In the foregoing account of the hydrocarbon of m. p. 242—244° and its enantiomorphous 
components it has been assumed that the method by which it was synthesised sufficiently 
fixed its constitution. In order, however, to remove any doubt there might be as to its 
structure we have studied its reactions and these—particularly the transformation which it 
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undergoes when treated with acids, and its behaviour on oxidation and reduction—show 
conclusively that it must be the diphenyldinaphthylallene (I). 

Vorlander and Siebert showed (oc. cit.) that tetraphenylallene on treatment with acids 
was converted into an isomeric hydrocarbon which they regarded as 1 : 1 : 3-triphenyl- 
indene (IX) and the correctness of this formulation was afterwards established by Kohler 


CPhiC:CPh, oe PhC==CH 
CY e~ i a? CH, 
Ph, 


(IX.) (X.) 


(Amer. Chem. J., 1908, 40, 217). Almost the only doubt there might have been about 
the structure of our hydrocarbon arose from the possibility that, since acidic reagents were 
used in its preparation, the allene primarily formed by dehydration of the alcohol (II) 
might have undergone a transformation analogous to the triphenylindene transformation of 
tetraphenylallene, and the product isolated—the hydrocarbon of m. p. 242—244°—might 
therefore conceivably have been the indene derivative (X). 

This possibility is excluded by the fact that our hydrocarbon, when subjected to con- 
ditions corresponding with those which cause the transformation of the tetraphenylallene 
intotriphenylindene, undergoes an evidently analogous transformation, yielding an isomeride 
of m. p. 233—234° to which we provisionally assign the structure (X) of a diphenylnaphthyl- 
benzindene (although the alternative structure of a phenyldinaphthylindene, or even of a 
diphenylnaphthylferinaphthindene, is not definitely excluded). Since the hydrocarbon of 
m. p. 242—244° is thus capable of undergoing the indene transformation, it cannot already 
have been subjected to it. It must therefore, from its method of synthesis, be the tetra- 
arylallene (I). 

The optically active allenes of m. p. 158—159° can of course also be similarly transformed, 
but even under the mildest conditions of transformation optical activity could not be 
detected in the resulting indene. 

This isomerisation of aryl allenes seems at first sight a somewhat surprising reaction, 
involving the apparent addition of the carbon and hydrogen of an aromatic CH group 
across a distantly situated pair of doubly linked carbon atoms. Consideration of the 
circumstances of the transformation gives an indication, however, of the manner in which 
it may take place. It is most readily effected by heating the allene with hydrogen chloride 
in acetic acid solution and a strong purple coloration then appears and persists until the 
conversion is complete. This coloration probably indicates, as in the catalytic dehydr- 
ation of the tetra-arylallyl alcohol, the intermediate formation of the carbonium ion (XI) 
through the addition of a hydrogen ion to the central atom of the allene carbon triad. The 
three-carbon chain would thus be caused to assume an angular configuration, as is indicated 
in formula (XI), bringing the reactive carbonium carbon atom into a favourable position for 


combining with a $-carbon atom of the naphthyl group. The hydrogen atom thus dis- 
placed from the naphthyl group would be eliminated as a hydrogen ion, replacing that which 
had been absorbed from the solution and leaving a neutral benzindene molecule. More- 
over the breaking of the double bond through the addition of the hydrogen ion would give 


the Ci9H,*CPh- complex freedom to rotate and cause the observed disappearance of the 
optical activity. 
The allene structure of the hydrocarbon of m. p. 242—244° finds additional confirmation 
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in its behaviour on oxidation and reduction. The allene is remarkably stable towards 
oxidising agents and, like tetraphenylallene (Vorlander and Siebert, Joc. cit.), is resistant 
to potassium permanganate in acetone solution. In moist pyridine solution, however, 
potassium permanganate attacks it, giving, as would be expected, phenyl naphthyl] ketone 
as the principal product, but a mixture of acids, somewhat greater in weight than the ketone, 
is also formed. This mixture contains phthalic and benzoic acids as its chief constituents 
and evidently comes from further oxidation of the ketone, since the latter is itself attacked 
by permanganate under the conditions employed and is oxidised to a similar mixture having 
phthalic and benzoic acids as chief components. 

Hence, although the quantity of ketone that could actually be isolated was only 40%, 
of that required by the equation 


CyoH,CPhiC:CPh:C,9H, + 40 = 2Ph-CO-C,9H, + CO,, 


a considerable part of the initial yield of this compound must have been destroyed by its 
subsequent oxidation—which under the conditions used would necessarily occur—and the 
amount actually produced must have been much greater than that isolated. 

Reduction of the hydrocarbon yielded conclusive evidence of its structure. Of the 
various reducing agents used, hydriodic acid in presence of red phosphorus was the only 
one which gave a crystalline product. The reduction proceeds according to the equation 


Cob >ciciccpiot + ont = Cobb cucHicc pelt (xI1,) 


yielding a hydrocarbon which was proved to be the diphenyldi-a-naphthylpropylene (XII). 
[The corresponding tetraphenylpropylene was obtained by Vorlander and. Weinstein 
(Ber., 1923, 56, 1122) by the action of the same reagent on tetraphenylallene, but in that 
case the reduction took place very much more rapidly and was readily carried further to 
tetraphenylpropane. | 


The constitution of the reduction product (XII) was established by its synthesis through , 


the following reactions, starting from benzylideneacetophenone. This unsaturated ketone 
gave with «a-naphthylmagnesium bromide the saturated ketone (XIII), the reaction pro- 
ceeding in the manner shown by Kohler to be the normal mode of interaction for «f-un- 


C,,H,-MgBr * 1H 


Ph-CH:CH-COPh PRoOCH: CH,COPh (XIII) 


H er 
Cully MeBr Cy9 pi >CH-CHyC—Ph (XIv.) SSS" (XII) 
OH 


saturated ketones. The ketone (XIII) with naphthylmagnesium bromide yielded the 
tertiary alcohol (XIV), which was not obtained crystalline, but was dehydrated by acetic 
anhydride, yielding a hydrocarbon C3,Hy,. A hydrocarbon of this composition thus formed 
must necessarily have the constitution (XII), and it was found to be identical with the reduc- 
tion product of the hydrocarbon of m. p. 242—244° which we have regarded as the allene. 
The latter compound, being converted by the addition of two atoms of hydrogen into di- 
phenyldinaphthylpropylene (XII), can only have the allene structure (I) which we have 
assigned to it. 

The existence of diphenyldinaphthylallene in enantiomorphous forms indicates clearly 
the correctness,of van ’t Hoff’s view of the configuration of allene—the essential features of 
which are the linear arrangement of the three carbon atoms and the disposition of the 


external valencies of the terminal carbon atoms in planes at right angles to one another. © 


This view was based on the representation of a pair of doubly linked carbon atoms by two 
tetrahedra in contact along anedge. According to the wave-mechanical view of the carbon 
valencies the formation of the ethylene molecule involves the trigonal wave-functions of 
carbon. These give three co-planar bonds of the Heitler—London type, involving three of 
the four valency electrons of the carbon atom, while the fourth, a 2px electron, forms an 
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rds electron cloud symmetrical about an axis perpendicular to the plane of the three single 
ant bonds. 

ver, In the ethylene molecule (Fig. 2a) one of the two bonds which make up the double link 
one is thus a Heitler-London single bond. The other is of a different nature and arises through 
ne, resonance between the two 2x electrons. Maximum resonance, giving maximum binding 
nts energy, occurs when the axes aa’ are parallel (thus the wave-mechanical view of the ethylene 


ced configuration corresponds closely with van ’t Hoff’s model). By applying this conception 
ing of the ethylenic link to allene and combining it with the knowledge of the configuration of 

this hydrocarbon (Fig. 2b) an indication is obtained of the structure of its characteristic 
% central carbon atom. It would appear that two of the four valency electrons of this atom 


Fic. 2a. Fic. 2b. 





mo 
ba 





he 
( 
he | a 
ily ” H 
on : ' ‘ ‘ " 
are concerned in the formation of two collinear (s,s) bonds directed towards the two outer 
atoms, while the other two are 2/x electrons with their axes aa, a’a’ fixed at right angles to 
one another and to the (s,s) bonds. Resonance between these and the respective 2px 
) electrons of the outer carbon atoms brings about the configuration foreseen by van ’t Hoff. 
in Since our first publication of the preparation of optically active forms of diphenyl- 


at dinaphthylallene (Nature, 1935, 185, 994) the resolution of another unsymmetrically substi- 
- tuted allene—a glycollic acid derivative of the formula C,ygH,-CPh:C:CPh-CO-O-CH,*CO,H— 

has been described by Kohler, Walker, and Tishler (J. Amer. Chem. Soc., 1935, 57, 1743). 
The resolution was effected by means of brucine. The enantiomorphism of the substituted 
allene type is therefore now well established. 


” EXPERIMENTAL. 


6-Hydroxy-B-phenyl-B-1-naphthylpropiophenone (V).—This compound could not be obtained 
in the manner described by Vorlander, Osterburg, and Meye (Berv., 1923, 56, 1136) for the pro- 
duction of the corresponding diphenyl compound (hydroxydiphenypropiophenone). It is 
conveniently prepared by the following modification of their method, consisting in the use of a 
considerable excess of the Grignard reagent and the addition of sufficient benzene to prevent 
the formation of a precipitate during the reaction. To a solution of «-naphthylmagnesium 
bromide, prepared from magnesium (19-2 g.), «-bromonaphthalene (110-4 c.c.), and ether (480 
c.c.), benzene (480 c.c.) was added and then dibenzoylmethane (40 g.), dissolved in benzene 
(200 c.c.), was dropped in with mechanical stirring during } hour, the temperature being kept 
at 5—10°. (In this, as in the other applications of Grignard reagents in this investigation, the 
solution of the reagent was poured off from undissolved magnesium before use.) After standing 
over-night at the ordinary temperature, the solution was poured on ice and dilute sulphuric 
acid, and the benzene—ether layer was separated, washed quickly with water (before crystallis- 
ation started), and steam-distilled. After removal of the solvents and naphthalene the water 
was poured away and the gummy product was dissolved in the minimum quantity of hot ethyl 
acetate (650—700 c.c.) and allowed to crystallise. Yield, 30-5—35-7 g., m. p. 166—167°. 
After recrystallisation from ethyl acetate the compound was obtained pure, m. p. 167—169° 
(Found: C, 85-0; H, 5-9. C,5H, O, requires C, 85-2; H, 5-7%).* In one experiment, in which 
dibenzoylmethane was added to the boiling solution of the Grignard reagent, instead of the 
hydroxy-compound, a 20% yield of the unsaturated yellow ketone (VI) was obtained. 
Phenyl 8-Phenyl-B-1-naphthylvinyl Ketone (V1).—The crude hydroxy-compound (V), m. p. 
166—167° (60 g.), was wetted by shaking with water (300 c.c.); concentrated hydrochloric acid 
! (300 c.c.) was then added and the mixture was boiled for 34 hours on a sand-bath with occasional 
| shaking. After cooling to 50° the hydrochloric acid was poured off, and the light brown gum 


co = C2 


\y 


* This, like the other analyses recorded in this paper, was a micro-analysis, carried out in this 
laboratory by Mr. G. Purdie. 
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washed with water. The gum hardened quickly in ice and the water was then poured off as 
completely as possible. The moist gum was dissolved in acetic anhydride (60 c.c.), and the solu- 
tion carefully warmed to decompose the residual water. On standing over-night, the ketone was 
deposited in bright yellow clusters (38—44 g.), m. p. 106—108°. Recrystallisation from alcohol 
gave the pure compound, m. p. 107—108° (Found: C, 89-6; H, 5-4. C,;H,,O requires C, 
89-8; H, 5-4%). 

ay-Diphenyl-ay-di-1-naphthylallyl Alcohol (I1).—To a solution of «-naphthylmagnesium brom- 
ide, prepared from magnesium (7-2 g.), «-bromonaphthalene (41-4 c.c.), and ether (180 c.c.), 
benzene (180 c.c.) was added and then, the temperature being kept below 0°, a solution of the 
ketone (VI, 25 g.) in benzene (180 c.c.) was run in gradually during 1 hour. After remaining 
over-night at the ordinary temperature, the solution was decomposed by pouring on ice and 
ammonium chloride. The benzene-ether layer was washed with water, dried with sodium 
sulphate, and concentrated to about 100 c.c. Ether (200 c.c.) was added and the solution was 
left for 2 days to crystallise. The solid deposited (24-7 g.) had m. p. 185—187° (softening at 
180°). Recrystallised from benzene (100 c.c.), this gave the pure compound (16-3 g.) as a colour- 
less microcrystalline powder, m. p. 187—189°. A second crop recrystallised gave a further 4 g. 
of pure product (Found : C, 90-7; H, 5-7. C,,;H,,O requires C, 90-9; H, 5-6%). 


ay-Diphenyl-ay-di-1-naphthylallene (1). 


1. Racemic Form.—(a) With acetic anhydride. Diphenyldinaphthylallyl alcohol (II) (0-5 g.) 
was boiled for 3 hours in acetic anhydride (3c.c.)._ After 1} hours the allene began to crystallise ; 
m. p. 242—244° (softening at 240°). Yield, 0-35 g. 

(b) With p-toluenesulphonic acid. To the alcohol (0-5 g.) in boiling ethyl acetate (12-5 c.c.) 
a trace of p-toluenesulphonic acid was added and the mixture was heated on the water-bath. 
A purple colour developed immediately, disappeared on shaking, and reappeared occasionally 
at the edge of the boiling solution. After 15 minutes a nucleus of the allene appeared and 
continued to increase as the heating proceeded. After } hour the purple colour at the edge 
of the solution was replaced by brown. The heating was then stopped, and the allene (0-4 g.) 
collected after standing over-night. It was already pure; colourless tufts of feathery crystals, 
m. p. 242—244° (Found : C, 94-5; H, 5-3; M,445. C,,H,, requires C, 94-6; H, 5-4%; M, 444). 

Crystallographic characters of the racemic form of dl-diphenyldinaphthylallene. We are in- 
debted to Mr. J. D. Bernal and Miss F. O. Bell for the following report. This modification 
grows in short monoclinic prisms, with much tendency to parallel growths. The forms developed 
are (001), (101), (101), and (210). The approximate axial lengths are a = 29-4, b = 7-7, ¢ = 
20-6 A., 8 = 96°. The space group is C,8 — C2/c with eight asymmetric molecules in the cell. 
The birefringence is strong. No optic axial figure can be seen, but the bd plane is the optical 
axial plane and y liés ~ 10° from c in the obtuse angle. The sign is probably negative. Owing 
to the large number of molecules per cell and the absence of any point symmetry it is difficult 
to form any definite conclusion as to the arrangement of the molecules. 

2. The d-Form.—A solution of diphenyldinaphthylallyl alcohol (32 g.) in hot anhydrous 
benzene (400 c.c.) was added quickly to a hot solution of d-camphor-$-sulphonic acid (0-32 g.) 
in the same solvent (400 c.c.) and the mixture was kept at the boiling point for 4 hour. A 
yellow colour appeared in the body of the solution and was sometimes preceded by a violet 
colour, but the edge of the solution always showed a violet colour until the reaction was complete. 
After cooling to about. 40°, the benzene solution was poured off from the separated water (which 
contained most of the camphorsulphonic acid) and was left over-night to allow the racemic form 
of the allene to crystallise. The weight of this first crop of allene was 22-4 g. It was feebly 
dextrorotatory, but had m. p. 242—244° and was thus nearly pure racemate. 

At the end of the heating a small portion of the solution (12-5 c.c.) was diluted to 25 c.c. and 
examined as quickly as possible in a 4 dcm. tube. In different experiments the observed 
rotations, a54.;, ranged from + 1-25° to + 1-75°, but in one the reading was as high as + 2-5°. 
In another experiment readings were taken at intervals during 1 hour. These showed that the 
dehydration proceeded rapidly. The activity reached a maximum in 15 minutes and then 
remained constant. By the end of the first 5 minutes two-thirds of the maximum activity had 
already been attained. 

After removal of the first crop of racemic allene the benzene mother-liquor and the flask 
containing the separated water were washed with two portions (60 c.c.) of saturated sodium 
carbonate solution, each of which was then examined polarimetrically in a 4 dcm. tube. The 
readings, &54¢,, were + 0-47° and + 0-05°. Since the quantity of camphorsulphonic acid em- 
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ployed as catalyst (0-32 g.) gave under the same conditions a reading a54g, of 0-51°, these 
observations show that the whole of the camphorsulphonic acid had been recovered; yet the 
benzene mother-liquor remained strongly dextrorotatory. 

This mother-liquor was dried with potassium carbonate and evaporated to dryness, the 
residue was triturated with cold benzene, and the undissolved solid was collected and washed 
with more benzene (total 100 c.c.). The material so obtained (crop II, 5-8 g.) melted and be- 
haved like the first crop and was thus again nearly pure racemic allene. 

The benzene filtrate was evaporated, the residue, which solidified when scratched, was tritur- 
ated with cold light petroleum (b. p. 60—80°) (60 c.c.), and the undissolved solid collected.* 
This solid (crop III) was a mixture of racemic and d-allene. It weighed 1-4 g. and melted at 
157° (with slight softening at 110°) to a cloudy liquid clearing at 220°. It was heated with light 
petroleum (b. p. 100—120°) (60 c.c.), which left some racemate (m. p. 235—-242°) and on standing 
over-night deposited more racemate (0:4 g.). The filtrate, concentrated to half its volume, 
deposited a slightly coloured solid, m. p. 158—159°, and this, recrystallised from light petroleum 
(b. p. 100—120°) (3 c.c.), yielded the pure d-allene (0-42 g.) in colourless aggregates of beautiful 
prisms, m. p. 158—159°. Further recrystallisation from light petroleum produced no change in 
the melting point or the specific rotation (Found: C, 94-6; H, 5-3. C;;H., requires C, 94-6; 
H, 5-4%). 0-04415 G. in 30 c.c. of benzene solution showed a}j,, + 2-57° (1 = 4); whence 
[a]éia. = + 437°; [M]oie = + 1940°. 

Rotatory dispersion. The exceptionally high value of the molecular rotation of the allene 
suggested that the absorption band with which the circular double refraction was associated 
was not very far removed from the visible region of the spectrum. Dr. C. B. Allsopp kindly 
measured the rotatory dispersion of the d-allene in cyclohexane at 20° over the range 16708 to 
43400. 

Preliminary readings gave the following results : 


100 C.c. of solution contain 0°0356 g.; length of column = 6 dm. 
Visual readings. Photographic readings. 

A. Gobs.- [a]?, A. Gobs.- [a]®. 
6708 0°47° 220° 4310 2-00° 936° 
6438 0°52 243 4190 2°20 1030 
6104 0°66 309 4070 2°40 1120 
5893 0°75 351 4020 2°50 1170 
5780 0°81 379 3940 1260 
5461 0°94 440 3880 1410 
5219 1-07 501 3840 1550 
5086 1:16 543 3800 1690 
4800 1-30 609 3730 1870 
4678 1°44 674 3640 2110 
4603 1-64 768 3590 2340 
4358 2°01 941 3400 2810 


I 
—) 


STR oe Oo 
SSSSsss 


On account of the low solubility of the material in cyclohexane solution the observed rotations 
are very small, even with a 6 dm. column, and the experimental error is therefore proportionately 
large. 

The high value 2-14 for the ratio o435,/%54¢, indicates the marked influence of an absorption 
band. The specific rotations in the visible region can nevertheless be represented with fair 
accuracy by the simple equation 


[a] — 83/[A — (0-316)%] 


and this points to the presence of a band concerned with the origin of the activity in the 
neighbourhood of 43160. 

Dr. Allsopp then examined the absorption spectrum of the hydrocarbon. This examination 
presented experimental difficulties, since the substance was extraordinarily rapidly decomposed 
by ultra-violet light. The active radiations were, however, of shorter wave-length than ) = 
2300 and the extinction coefficient of the allene could be measured up to this limit in cyclo- 


* The filtrate from crop III was evaporated and the residue was crystallised from ethyl acetate. 
A substance was thus isolated which crystallised in bright yellow, lustrous platelets, m. p. 242—244°, 
mixed m. p. with the racemic allene ca. 225°, and gave a violet solution in concentrated sulphuric acid 
(the allene gives a red solution). This is evidently the substance which gives rise to the yellow colour 
that always appears when the alcohol (II) is dehydrated. The quantity obtained was not sufficient for 
further investigation. 
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hexane when 0-1—0-2% of carbon disulphide was added to absorb the light of shorter wave- 
length. The absorption spectrum showed an extraordinarily intense band beginning about 
13500 and rising to a maximum (¢ = 320,000) at 4 = 2600. There is a shallow minimum at 
2 = 2550, followed by a rise in the extinction coefficient to nearly complete opacity. 

We are indebted to Mr. Bernal and Miss Bell for the following account of the crystallographic 
characters of d-diphenyldinaphthylallene. This compound grows in well-developed brilliant 
crystals. The habit is that of a short prism terminated by dome faces, the forms being (110), 
(100), and (101). The axial lengths are approximately a = 25-6, b = 11:3, c = 8-46 A. The 
probable space group is D* — P2, 2, 2, with four asymmetric molecules in the cell. The bire- 
fringence is strong. «, 8, y lie alongc,a,and brespectively. The optic axial angle is large and the 
sign probably positive. It is difficult to deduce the molecular positions. The molecules may be 
bent towards a plane and piled in two layers in the ab planes. 

3. The 1-Form.—Diphenyldinaphthylallyl alcohol (8 g.) in benzene-(100 c.c.) was added to a 
solution of /-camphorsulphonic acid (0-08 g.) in benzene (100 c.c.), and the mixture kept at the 
boiling point for 4 hour. The l-allene (0-08 g.), m. p. 158—159°, was isolated from the product 
in the same way as had been used for the d-allene (Found: C, 94-5; H, 5-4%). 0-01182G. in 


30 c.c. of benzene solution showed a}%,, — 0-69° (/ = 4), whence [a]}%,, = — 438°; [M]#,, = 
1944°. 

Production of |-allene with d-bromocamphorsulphonic acid. A solution of diphenyldinaphthyl- 
allyl alcohol (0-5 g.) and d-bromocamphorsulphonic acid (0-005 g.) in benzene (12-5 c.c.) was 
kept at its boiling point for 1 hour. The intense violet coloration which was immediately pro- 
duced disappeared when the reaction was complete, leaving a yellow solution. This was 
washed with aqueous sodium carbonate, dried with potassium carbonate, made up to 25 c.c. 
with benzene, and examined ina 4dcm.tube. A rotation «;,,, — 0-58° was observed. Assum- 
ing that the /-allene was the only optically active substance in the solution, this indicates the 
presence of 0-0083 g. of the levo-form, implying the production of an excess of 1-74% of this 
modification. 

Combination of the d- and the 1-Modification to form the Racemate.—The d-allene (0-01040 g.), 
m. p. 158—159°, dissolved in cold absolute ether (3 c.c.), was added to /-allene (0-01041 g.), 
m. p. 158—159°, also in ether (3 c.c.), and the mixture was left at room temperature. Crystallis- 
ation began in 2 minutes and was soon complete. The ether was gently removed by heating. 
The product was the pure racemic allene. It melted at 242—244° alone or admixed with 
authentic racemate. Mixed with the indene of m. p. 233—234°, it melted at 212—222°. 
Comparison by Mr. Bernal and Miss Bell of the crystallographic measurements made on the race- 
mate prepared directly and that produced by combination of the d and the /-modification showed 
the identity of the two products. The X-ray diffraction diagrams of the two products were also 
identical. 

Racemisation of the d-Allene by Heating.—The d-allene (0-025 g.) in decalin (0-5c.c.) was heated 
to 190° in a small sealed tube from which the air had been displaced by carbon dioxide. After 
9 hours’ heating, the optically active compound was recovered almost unchanged. 

The experiment was repeated, but the heating was extended to 48 hours. On cooling, crude 
racemic allene (0-01 g.), m. p. 242° with preliminary softening at 210°, crystallised. Recrystal- 
lised from ethyl acetate, it gave pure racemic allene, m. p. 242—-244° alone or admixed with 
authentic racemate. 

Heated in boiling decalin solution without exclusion of air, the d-allene retained its optical 
activity unchanged for 1} hours, but the activity then began to diminish and had practically 
disappeared after 9} hours. However, only a minute amount of crude racemate could be 
obtained from the solution. 

1 : 3-Diphenyl-1-a-naphthyl-4 : 5-benzindene (X).—The indene transformation of diphenyl- 
dinaphthylallene is less readily effected than that of tetraphenylallene (cf. Vorlander and Siebert, 
loc. cit.). It is not brought about by boiling with concentrated hydrochloric acid and takes 
place exceedingly slowly in boiling glacial acetic acid. It is, however, easily carried out by the 
two following methods. 

(a) With acetic acid and hydrogen chloride. Dry hydrogen chloride was led into a boiling 
solution of the racemic allene (0-2 g.) in the minimum quantity of boiling acetic acid (200 c.c.). 
A pale purple colour appeared immediately, deepened, and then disappeared after 4 minutes 
(cf. Kohler, Joc. cit.). The solution was heated 1 minute longer and poured into excess of sodium 
carbonate solution, and the product extracted with ether. The crude substance obtained on 
evaporation of the ether had m. p. 232—-233° and gave the pure indene derivative, m. p. 233— 
234°, on recrystallisation from ethyl acetate (mixed m. p. with the racemic allene 212—222°) 
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(Found: C, 94:8; H, 5:4. C,,H,, requires C, 94-6; H, 5-4%). The compound is phototropic, 
becoming yellow on exposure to light and colourless again when kept in the dark. 

(b) With iodine. The racemic. allene (0-5 g.), iodine (0-05 g.), and benzene (7-5 c.c.) were 
heated for 1 hour on the water-bath (cf. Vorlander and Siebert, /oc. cit., p. 1030). The product 
obtained, after removal of the iodine with sodium thiosulphate solution and evaporation of the 
benzene, gave on crystallisation from ethyl acetate the pure indene derivative, m. p. 233—234° 
alone or mixed with the product obtained by the foregoing method. 

Experiments (a) and (b) repeated with the d-allene in place of the racemic modification gave 
an optically inactive product. ; 

Oxidation of Diphenyldinaphthylallene.—To a hot solution of the racemic allene (1-0 g.) in 
pyridine (120 c.c.) and water (20 c.c.), finely powdered potassium permanganate (5 g.) was added. 
The permanganate colour disappeared after 20—30 minutes’ boiling. Sulphurous acid was 
then added to dissolve the precipitated manganese dioxide, the solution was poured into excess 
of dilute sulphuric acid, and the mixture exhaustively extracted with ether in a continuous 
extraction apparatus. After being washed with sodium carbonate solution and then with sodium 
hydroxide solution, the ether was dried (potassium carbonate) and evaporated. The residue 
(0-42 g.) rapidly crystallised and was nearly pure phenyl a-naphthyl ketone (m. p. 72—74°, 
softening at 70°). Recrystallised from methyl alcohol, it gave the pure ketone, m. p. 73—75° 
alone or mixed with a specimen prepared by the method of Acree (Ber., 1904, 37, 628) (Found : 
C, 87°9; H, 5-3. Calc. for Cy,H,,0: C, 87-9; H, 5-2%). 

The sodium carbonate extract yielded on acidification and ether-extraction a mixture of 
acids (0-50 g.), from which light petroleum (b. p. 60—80°) extracted crude benzoic acid (0-19 g.), 
leaving a residue of crude phthalic acid. Both fractions sublimed completely except for slight 
gummy residues when heated gradually at 0-1 mm. The benzoic acid was identified by m. p. 
and mixed m. p. (120°), and the phthalic acid by m. p. and mixed m. p. of the anhydride (128— 
131°) as well as by the fluorescein reaction. 

When phenyl «-naphthyl ketone (0-5 g.) was treated with potassium permanganate (5 g.) 
under conditions similar to those employed for oxidation of the allene, only 0-25 g. of the ketone 
could be recovered unchanged and 0-20 g. of an acidic product was obtained consisting mainly 
of a mixture of benzoic and phthalic acids. 

Reduction of Diphenyldinaphthylallene. ay-Diphenyl-wy-di-1-naphthyl-A*-propylene (XII).— 
The allene (racemic form, 12 g.), acetic acid (240 c.c.), hydriodic acid (d 1-7, 18 c.c.), and red 
phosphorus (6 g.) were boiled together for 6 hours, and the filtered solution was poured into 
excess of sodium carbonate solution and extracted with chloroform. After drying over 
potassium carbonate, the chloroform was evaporated, and the residue dissolved in ether; the 
solution, allowed to evaporate slowly in air for several days, deposited 8 g. of colourless prisms, 
m. p. 165—167°, which after recrystallisation from ethyl acetate melted at 167—169° (Found : 
C, 93-8; H, 6-1. C,,Hg, requires C, 94-2; H, 58%). The analytical data do not distinguish 
between the formula C,,H,, and that of diphenyldinaphthylpropane, C,,H,., but the identity 
of the hydrocarbon with the product of dehydration of diphenyldinaphthylpropy] alcohol (XIV) 
shows that it must be the propylene derivative (XII). 

Synthesis of  «ay-Diphenyl-wy-di-1-naphthyl-A*-propylene.—B-Phenyl-f-1-naphthylpropio- 
phenone (XIII) was prepared by the following modification of the method described by Kohler 
and Johnstin (Amer. Chem. J., 1905, 38, 44). Into the boiling Grignard solution prepared from 
magnesium (4:8 g.), «-bromonaphthalene (27-6 c.c.), ether (120 c.c.), and benzene (120 c.c., 
added when the magnesium had ceased reacting) was dropped during } hour a solution of benzyl- 
ideneacetophenone (18 g.) in ether (100 c.c.) and benzene (50 c.c.). After pouring into ice and 
dilute sulphuric acid, the benzene—ether layer was separated, washed with water, dried over 
potassium carbonate, and concentrated to very small bulk. Hot alcohol (500 c.c.) was added, 
and, when cold, acetone (100 c.c.) to prevent the precipitation of an oil. After 4 hours the 
solid (14-7 g., m. p. 118—120°) was collected. Recrystallised from ethyl acetate (50 c.c. ; 
charcoal), it gave 9-1 g., m. p. 120—121° (Found: C, 88-7; H, 6-0. Calc. for C,,H,O: C, 
89-3; H, 6-0%). 

To the above ketone (16-8 g.), suspended in ether (100 c.c.), was added the Grignard solution 
prepared from magnesium (4-8 g.), «-bromonaphthalene (27:6 c.c.), and ether (200 c.c.). The 
ketone dissolved quickly and the whole was boiled for 4 hours and poured into ice and dilute 
sulphuric acid; the ether layer was separated, washed with water, and steam-distilled to 
remove naphthalene. The residue was redissolved in ether and dried over calcium chloride, 
and the ether removed. The gum, which was probably the alcohol (XIV), could not be obtained 
crystalline. It was therefore heated with acetic anhydride (200 c.c.) for 8 hours. To the 
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cooled solution, water (40 c.c.) was added and the mixture was carefully warmed to convert 
the acetic anhydride into acetic acid. More acetic acid (100 c.c.) was then added and the solution 
was scratched and left for several days. A solid (5-2 g.), m. p. 130—160°, was deposited which, 
recrystallised thrice from ethyl acetate, gave beautiful colourless prisms (1-2 g.), m. p. 167—169° 
(Found: C, 93-9; H, 5-8. Calc. for C,;H,,: C, 94-2; H, 5-8%). This hydrocarbon appeared 
to be identical with that obtained by reduction of the allene, the mixed m. p. (167—169°) showing 
no depression. 

Since we felt that the method of mixed melting points might not distinguish with certainty 
between two compounds so closely related as diphenyldinaphthylpropylene and the correspond- 
ing propane, we asked Mr. Bernal and Miss Bell to make a crystallographic comparison of the 
synthetical propylene (A) with the hydrocarbon (B) obtained by reduction of the allene. They 
reported: The optics and facial angles were the same in crystals of A and B. The X-ray 
oscillation photographs were identical; they showed the same layer line spacing and the same 
spots appeared with the same relative intensities on both photographs. The crystals of A and B 
are therefore identical, or at any rate, more alike than those of any known compounds of different 
chemical constitution. 

The same hydrocarbon was obtained when the gummy alcohol was boiled with hydriodic acid, 
acetic acid, and red phosphorus under the conditions employed for the reduction of the allene. 

Alternative Method of Preparation of Phenyl 8-Phenyl-B-1-naphthylvinyl Ketone (V1).—«- 
Bromo-8-phenyl-B-1-naphthylpropiophenone (cf. Kohler, Amer. Chem. J., 1904, 31, 652). Into 
the boiling Grignard solution prepared from magnesium (4-8 g.), «-bromonaphthalene (27-6 c.c.), 
and ether (200 c.c. + 500 c.c. added after 1 hour), a solution of benzylideneacetophenone (18 g.) 
in ether (480 c.c.) was dropped during 1 hour. To the hot solution bromine (11 c.c.) was then 
added in 2 minutes with vigorous stirring. After 15 minutes the bluish solution was added to 
ice and dilute sulphuric acid. Crystallisation in the ethereal layer commenced and the whole 
was left for 2 days for the ether to evaporate. The sticky mass was triturated with ether (100 
c.c.), and the purple solid filtered off (11 g., m. p. 190—195°). It was recrystallised from acetic 
acid (250 c.c.; charcoal); or dissolved in chloroform (200 c.c.), boiled gently until the violet 
coloration disappeared, and then alcohol (200 c.c.) added. Colourless stout needles (8-8 g.), 
m. p. 196—198° (darkening) were obtained (Found: C, 72-2; H, 4:5. C,;H,,OBr requires 
C, 72-3; H, 4-6%). When the bromo-derivative (1 g.) was reduced with a mixture of acetic 
acid (10 c.c.), hydriodic acid (d 1-7; 2 c.c.), and red phosphorus (0-5 g.), it gave B-phenyl-f-1- 
naphthylpropiophenone. 

Phenyl 8-phenyl-8-1-naphthylvinyl ketone (V1). The above bromo-ketone (15 g.) was heated 
in pyridine (150 c.c.) for 48 hours. The mixture was then poured into excess of dilute hydro- 
chloric acid and extracted with ether. The yellow ethereal solution, filtered from much colourless 
undissolved material, dried over potassium carbonate, and evaporated, left a yellow oil (7 g.), 
which was dissolved in acetic acid (60 c.c.). Over-night 2-3 g. of crystals, m. p. 106—108°, 
were deposited, and after concentration of the filtrate a further 1-3 g., m. p. 105—108°. Re- 
crystallisation from acetic acid or alcohol gave the pure compound, m. p. 107—108° alone or 
mixed with a sample prepared by the method described on p. 993, which is much the better way 
of obtaining this compound. 


We wish to thank the Ramsay Memorial Trustees for a Fellowship held by one of us (P. M.) 
during 1928—1930, when this work was started. 
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220. ‘T'he Constituents of Natural Phenolic Resins. Part VII. 
Arctigenin. 


By Rospert D. HAwortH and WILLIAM KELLY. 


TuE seeds of the burdock (Arctium Lappa, L.) contain the glucoside arctiin, which was 
isolated by Shinoda and Kawagoe (J. Pharm. Soc. Japan, 1929, 49, 565, 1165). Hydrolysis 
with 30% sulphuric acid yielded glucose and a levorotatory lactone, arctigenin, CogH 0g, 
containing three methoxyl groups, and the formation of 3-methoxy-4-ethoxybenzoic acid 
and veratric acid by the oxidation of /-arctigenin ethyl ether indicated the presence of both 
guaiacol and veratrole residues. Omaki (ibid., 1935, 55, 159 and private communication) 
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modified the molecular formula to C,,H,O, and limited the structural formula to (I; 
R = H) or (II; R =H)’ by identifying /-arctigenin methyl ether with /-matairesinol 
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dimethylether. The present communication describes experiments which enable a decision 


to be made between those two alternative formule. The Japanese chemists were unable 


to obtain /-arctigenin ethyl ether in the crystal- 
line form. We have been equally unsuccessful 
in this respect, but crystalline dimitro- and 
dibromo-derivatives have been prepared. By 
reactions similar to those described in Part V 
(this vol., p. 725), racemic forms of the lactones 
(I; R= Et) and (Il; R= Et) have been 
synthesised. These lactones are crystalline 
and yield crystalline dinitro- and dibromo- 
derivatives. The ultra-violet absorption 
spectra of /-arctigenin ethyl ether and the 
synthetic lactone (I; R = Et) were identical 
(Fig.); the lactone (II; R = Et) exhibited a 
maximum at the same wave-length, but the 
intensity of absorption was appreciably greater 
than in the case of /-arctigenin ethyl ether. 
Conclusive evidence in favour of (I; R = H) 
has been obtained by studying the cyclo- 
dehydrogenation of /-atctigenin ethyl ether 
under conditions similar to those employed 
previously in the case of /-matairesinol dimethyl 
ether (J., 1935, 633). When /-arctigenin ethyl 
ether was treated with lead tetra-acetate, it was 
converted into a mixture of two isomeric 
lactones, Cyg3H,.O,, melting at 224° and 248°, 
which have been identified as (III) and (IV) 
respectively, by comparison with synthetic 
specimens obtained by methods described in 
the experimental section. 


R = H) accounts for its conversion into the lactones (III) and (IV). 
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Of the two alternative formule for /-arctigenin, only (I; 
The lactones 


(V) and (VI), which are the anticipated cyclo-dehydrogenation products of (II; R = Et), 
have also been synthesised, and the difference between (V) and (VI) and the products 
obtained from /-arctigenin ethyl ether exclude formula (II; R = H) for arctigenin. 
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EXPERIMENTAL. 


1-Arctigenin Ethyl Ether (1; R = Et).—/-Arctigenin (0-5 g. kindly supplied by Dr. T. Omaki) 
was dissolved in alcohol (5 c.c.) containing potassium hydroxide (0-2 g.). Ethyl sulphate (0-5 g.) 
was added and after 12 hours the solution was heated for 1 hour on the water-bath. Most of the 
alcohol was removed by distillation and the residue was acidified and lactonised by heating at 

100° for } hour. The product was extracted with ether, washed with dilute sodium hydroxide 
solution, and dried, and the solvent removed. The residual oil (0-5 g.) did not crystallise. The 
dibromo-derivative, prepared by the addition of bromine (2 mols.) to a solution of the ether in 
acetic acid (10 parts), crystallised from methyl alcohol in colourless slender prisms, m. p. 128— 
129° (Found: C, 49-4; H, 46. C,,H,,O,Br, requires C, 49-5; H, 4:7%). The dinitro-com- 
pound, prepared by the action of nitric acid in cold acetic acid solution, crystallised from chloro- 
form—methyl alcohol in pale yellow needles, m. p. 166—167° (Found: C, 56-5; H, 5:5. 
C.3H,,0,,N, requires C, 56-3; H, 5-3%). 

Cyclo-dehydrogenation of 1-Arctigenin Ethyl Ether.—l-Arctigenin ethyl ether (0-25 g.) and 
lead tetra-acetate (0-75 g.) were heated in acetic acid (3 c.c.) for } hour at 80°. After addition 
of water, the mixture was extracted with chloroform and the extract was washed with aqueous 
sodium bicarbonate, the solvent removed, and the residue dissolved in a little methyl alcohol. 
The solid (25 mg., m. p. 190—220°), which gradually separated, was collected after 3 hours and 
fractionally crystallised from chloroform—methyl alcohol. The sparingly soluble fractions 
eventually yielded cream-coloured stout prisms, m. p. 247—248° (Found: C, 70-0; H, 5-7. 
Cy3H,,0, requires C, 70-1; H, 56%). The tail fractions yielded colourless slender needles, 
m. p. 223—224° (Found: C, 69-9; H, 5-7%). The lower-melting compound dissolves more 
rapidly than the isomer in chloroform—methy] alcohol and this fact is of considerable use in 
effecting the separation. 

3-Methoxy-4-ethoxybenzoic Acid.—3-Methoxy-4-ethoxybenzaldehyde (10 g.) was suspended 
in a boiling solution of sodium bicarbonate (5 g.) in water (50 c.c.), and a solution of potassium 
permanganate (9 g.) in water (200 c.c.) gradually added. The manganese dioxide was removed 
and washed with hot water, the combined washings and filtrate were acidified and cooled, and the 
3-methoxy-4-ethoxybenzoic acid (10 g.), m. p. 195°, collected. The acid chloride, prepared in 
90% yield by the action of thionyl chloride, boiled at 158—160°/0-2 mm. and crystallised from 
light petroleum (b. p. 60—80°) in colourless prisms, m. p. 73° (Vanzetti and Dreyfuss, Gazzetta, 
1934, 66, 381, give m. p. 73°). 

O-Ethyleugenol Oxide.—O-Ethyleugenol (25 g.) was shaken for 24 hours with a suspension of 
iodine (40 g.) and mercuric oxide (18 g.) in moist ether (100 c.c., containing 6 c.c. of water). 
The dried filtrate was shaken with powdered potassium hydroxide (56 g.) for 48 hours, filtered, 
washed with water, and dried, the solvent removed, and the residue distilled. O-Ethyleugenol 
oxide (14 g.), b. p. 137—138°/0-2 mm., was obtained as a colourless liquid which rapidly solidified 
and crystallised from ether-light petroleum (b. p. 40—60°) in colourless prisms, m. p. 37—38° 
(Found : C, 68-9; H, 7-5. C,,H,,O, requires C, 69-2; H, 7-7%). 

a-Cyano-8-3-methoxy-4-ethoxyphenylacrylic Acid.—3-Methoxy-4-ethoxybenzaldehyde (10 g.) 
in alcohol (15 c.c.) was mixed with a 25% solution of sodium cyanoacetate (30 c.c.): 10% 
sodium hydroxide solution (5 c.c.) was added, the solution shaken and kept for 1 hour, and neutral 
impurities removed in ether. Acidification of the filtrate precipitated the acid, which separated 
from methylated spirits in lemon-yellow needles (9-2 g.), m. p. 212—213° (Found : equiv., 247. 
C,3H,,;0,N requires equiv., 247). 

a-Cyano-8-3-methoxy-4-ethoxyphenylpropionic acid was prepared by adding, with rapid 
stirring, an ice-cold suspension of the above acid (10 g.) in water (250 c.c.) to 2% sodium amalgam 
(350 g.). The temperature was kept at 0° and a continuous stream of carbon dioxide was passed 
until the amalgam was exhausted. Acidification yielded the acid (9 g.), which crystallised from 
benzene in colourless prisms, m. p. 152—153° (Found: equiv., 261. C,s;H,,0,N requires 
equiv., 249). The methyl ester, prepared by boiling the acid (8 g.) with 4% methyl-alcoholic 
hydrogen chloride (90 c.c.), crystallised from methyl alcohol in colourless plates (7 g.), m. p. 
61—62° (Found : C, 63-6; H, 6-4. C,,H,,O,N requires C, 63-9; H, 6-5%). 


Ethyl 3-Methoxy-4-ethoxybenzoylacetate.—Solutions of sodium (4-6 g.) in alcohol (75 c.c.) . 


and 3-methoxy-4-ethoxybenzoy] chloride (10-7 g.) in ether (75 c.c.) were added to ethyl aceto- 
acetate (13-5 g.) in ether (75 c.c.), the additions being made in three portions as described by 
Perkin and Weizmann (J., 1906, 89, 1659) for a similar case. After 60 hours, the precipitate 
(X) was collected, suspended in water, and acidified, and the solid product was collected, dissolved 
in a solution of ammonium chloride (9 g.) in 15% aqueous ammonia (50 c.c.) and water (200 c.c.), 
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and shaken for } hour. The precipitate was collected and crystallised from methyl alcohol; 
jagged prisms (4-2 g.), m. p. 79—80°, were obtained, giving a brown ferric test (Found : C, 63-2; 












































ki) H, 68. C,,H,,0, requires C, 63-2; H, 6-8%). A further yield (1-8 g.) was obtained from the 
8.) filtrate from (X). Water was added, neutral impurities removed in benzene, and the alkaline 
he liquor acidified and extracted with ether. Removal of the ether left an oil, which was shaken 
at with ammonia and ammonium chloride as described above. 
ide B-3-Methoxy-4-ethoxybenzoylpropionic Acid.—The above benzoylacetate (5-8 g.) and ethyl 
he bromoacetate (4-1 g.) were added to a solution of sodium (0-56 g.) in alcohol (50 c.c.). After 
in boiling for 16 hours, the solution was diluted, acidified, and extracted with ether. Removal 
_ of the ether‘gave an oil, which was hydrolysed by boiling first for 48 hours with 20% sulphuric 
ad acid (80 c.c.) and then for 2 hours with a small excess of 5% methyl-alcoholic potassium 
rO- hydroxide. The alcohol was removed, water added, and neutral products removed in ether; 
5. acidification yielded the acid, which crystallised from benzene in colourless needles (4-0 g.), 
m. p. 136—137° (Found : equiv., 248. C,,;H,,O, requires equiv., 252). 
nd B-3 : 4-Dimethoxybenzyl-a-3-methoxy-4-ethoxybenzylbutyrolactone (dl-Arctigenin Ethyl Ether) (1; 
- R = Et).—Methyl sodio-«-cyano-8-3-methoxy-4-ethoxyphenylpropionate [prepared from the 
i methyl ester (2 g.) and sodium (0-2 g.)] in alcohol (20 c.c.) and O-methyleugenol oxide (1-6 g.) 
ol. were allowed to react at room temperature for 4 days. The solution was diluted with water, 
nd and neutral impurities removed in ether; the alkaline liquor was acidified with dilute hydro- 
ns chloric acid and heated on the water-bath for 15 minutes. The oil, isolated with ether, was 
“7. boiled for 3 hours with concentrated hydrochloric acid (10.c.c.). The product was extracted with 
oS, chloroform and washed with dilute sodium hydroxide solution, and the solvent removed; the 
-_ residue crystallised from methyl alcohol in colourless hexagonal plates (0-7 g.), m. p. 105—106° 
am (Found: C, 68-8; H, 6-9. C,,;H,,O, requires C, 69-0; H, 7:°0%). The dibromo-derivative, 
prepared in cold acetic acid solution, separated from methyl] alcohol in slender needles, m. p. 
ed 88—89° (Found: C, 49-3; H, 4:9. C,;H,,O,Br, requires C, 49-5; H, 4:7%). The dinitro- 
_ compound, prepared by the action of concentrated nitric acid (2-2 mols.) in acetic acid solution, 
ed crystallised from chloroform-ethyl alcohol in pale yellow, felted needles, m. p. 159° (Found : 
he C, 56-2; H, 5-6. C,s3H,,O,,N, requires C, 56-3; H, 53%). 
- a-3 : 4-Dimethoxybenzyl-B-3-methoxy-4-ethoxybenzylbutyrolactone (II; R= Et), prepared 
- from methyl sodio-«-cyano-8-3 : 4-dimethoxyphenylpropionate (from 2 g. of ester) (this vol., 
a, p. 728) and O-ethyleugenol oxide (1-6 g.) as described above in the preparation of the isomer (I; 
R = Et), crystallised from methyl] alcohol in hexagonal prisms (0-7 g.), m. p. 95—96° (Found : 
of C, 69-1; H, 7-1. C,3;H,,O, requires C, 69-0; H, 70%). The dibromo-derivative separated from 
r). methyl alcohol in slender needles, m. p, 99—100° (Found : C, 49-3; H, 4-6. C,;H,,O,Br, requires 
d, C, 49-5; H, 4-7%). The dinitro-compound was obtained in pale yellow, felted needles, m. p. 172— 
“ 173°, from chloroform-ethyl alcohol (Found: C, 56-1; H, 5-2. C,3H,,0,)N, requires C, 56-3; 
ve H, 5-3%). 
8 Synthesis of cyclo-Dehydro-lactones with CO in Position 2.—a-Acetyl-B-3-methoxy-4-ethoxy- 
benzylbutyrolactone. A mixture of O-ethyleugenol oxide (10 g.) and ethyl sodioacetoacetate 
-) (prepared from the ester, 10 g.) in alcohol (25 c.c.) was kept for 7 days at room temperature. 
/0 Water was added, neutral impurities removed in ether, and the alkaline liquor acidified. The 
al butyrolactone, isolated with benzene, crystallised from benzene—ether in colourless slender needles 
od (7-6 g.), m. p. 87—88°, which gave a purple ferric test (Found: C, 66-0; H, 6-9. CygH,.O, - 
7. requires C, 65-8; H, 6-9%). 
a-3 : 4-Dimethoxybenzoyl-B-3-methoxy-4-ethoxybenzylbutyrolactone (a i). 3: 4-Dimethoxy- 
id benzoyl chloride (5-3 g.) was added to the sodio-derivative of the above lactone (prepared from 
= the lactone, 7-5 g., and sodium, 0-6 g.) in benzene (70 c.c.). After 12 hours the mixture was 
od boiled for 1 hour and washed with 1% sodium hydroxide solution, and most of the benzene re- 
= moved. The residue was mixed with ether (100 c.c.) and shaken with 5% sodium hydroxide 
oad solution (80 c.c.) for 7 hours. The alkaline layer was acidified, and the /actone (a i) isolated with 
- chloroform and washed with sodium bicarbonate solution; it crystallised from methyl] alcohol 
p- in colourless lustrous plates (4-2 g.), m. p. 129—130°, which gave a green ferric test (Found : 
C, 66-8; H, 6-3. C,,H,,O, requires C, 66-7; H, 6-3%). 
-) a-3-Methoxy-4-ethoxybenzoyl-B-3 : 4-dimethoxybenzylbutyrolactone (bi), prepared from «-acetyl- 
» 6-3 : 4-dimethoxybenzylbutyrolactone (10 g.) (this vol., p. 727) and 3-methoxy-4-ethoxybenzoyl 
y chloride (8 g.) as described above in the preparation of (a i), crystallised from methyl alcohol in 
te colourless plates (7 g.), m. p. 123—124°, which gave a green ferric test (Found : C, 66-9; H, 6-3. 


-d CaaHHa0; requires C, 66-7; H, 6-3%). 
8 
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Lactone of 6-methoxy-7-ethoxy-1-3' : 4'-dimethoxyphenyl-3-hydroxymethyl-3 : 4-dihydronaphth- 
alene-2-carboxylic acid (aii). The lactone (a i) (1 g.) was warmed for 20 minutes with methy!- 
alcoholic hydrogen chloride; the product, isolated with ether and washed with dilute sodium 
hydroxide solution, was dehydrated with potassium hydrogen sulphate (2 g.) at 180° for ? hour. 
The /actone (a ii), isolated with chloroform, crystallised from chloroform—methy] alcohol in small 
cubic crystals (0-6 g.), m. p. 189—190° (Found: C, 69-7; H, 63. C,;H,,O, requires C, 69-7; 
H, 6-1%). 

The lactone of 6: 7-dimethoxy-1-3'-methoxy-4'-ethoxyphenyl-3-hydroxymethyl-3 : 4-dihydro- 
naphthalene-2-carboxylic acid (b ii), prepared similarly from (b i), crystallised from chloroform- 
methyl alcohol in colourless prisms, m. p. 192—193° (Found: C, 69-5; H, 60. C,,H,,0, 
requires C, 69-7; H, 61%). 

Lactone of 6-methoxy-7-ethoxy-1-3' : 4'-dimethoxyphenyl-3-hydroxymethylnaphthalene-2-carb- 
oxylic acid (V1). The dihydronaphthalene (a ii) (0-1 g.) was heated for } hour at 80° with lead 
tetra-acetate (0-2 g.) in acetic acid (2c.c.). After dilution with water the product was extracted 
with chloroform and washed with sodium bicarbonate solution, the solvent removed, and the 
residue crystallised from chloroform—methyl alcohol, forming colourless rectangular prisms 
(0-08 g.), m. p. 243—244° (Found: C, 69-9; H, 5-8. C,;H,,O, requires C, 70-1; H, 56%). 
A depression in m. p. of about 20° was observed when this Jactone (VI) was mixed with the 
lactone, m. p. 247—-248°, obtained by the action of lead tetra-acetate-on /-arctigenin ethy] ether. 

The lactone of 6: 7-dimethoxy-1-3'-methoxy-4'-ethoxyphenyl-3-hydroxymethylnaphthalene-2- 
carboxylic acid (IV), prepared similarly from (b ii), erystallised from chloroform-—methy] alcohol 
in cream-coloured prisms, m. p. 247—248° (Found: C, 70-0; H, 5-7. C,,;H,,O, requires C, 
70-1; H, 56%), which gave no depression on admixture with the lactone, m. p. 247—248°, 
obtained from /-arctigenin ethyl ether. 

Synthesis of cyclo-Dehydro-lactones with CO in Position 83.—8-3 : 4-Dimethoxybenzoyl-a-3- 
methoxy-4-ethoxybenzylideneproptonic acid (c i). Dry powdered sodium 8-3 : 4-dimethoxybenz- 
oylpropionate (4 g.), 3-methoxy-4-ethoxybenzaldehyde (4 g.), and acetic anhydride (4 c.c.) 
were heated on the water-bath for 2 hours. Water was added, and the product collected, washed 
successively with water, methyl alcohol, and ether, and crystallised from chloroform—methy] 
alcohol. The y-/actone separated in golden-yellow needles (4-6 g.), m. p. 180° (Found : C, 69-2; 
H, 5:7. C,,H,.O, requires C, 69-1; H, 5-8%). The lactone (2-2 g.) was warmed for } hour 
with a solution of sodium methoxide (prepared from sodium, 0-16 g.) in methy] alcohol (10 c.c.). 
After the addition of water and boiling for } hour, the alcohol was removed; the acid, liberated 
by acidification of the filtered solution, crystallised from chloroform—methy] alcohol in colourless 
felted needles (1-8 g.), m. p. 188—189° (Found : equiv., 397. C,,H,,O, requires equiv., 400). 

§-3-Methoxy-4-ethoxybenzoyl-a-3 : 4-dimethoxybenzylidenepropionic acid (d i). The y-lactone 
prepared similarly from {-3-methoxy-4-ethoxybenzoylpropionic acid and veratraldehyde, 
separated from benzene in yellow needles, m. p. 162—163° (Found : C, 69-1; H, 6-0.- C,,H,,0, 
requires C, 69-1; H, 58%). The acid (di) crystallised from chloroform-—methy] alcohol in colour- 
less prisms, m. p. 189—190° (Found : equiv., 399. C,,H,,O,Trequires-equiv., 400). 

8-3 : 4-Dimethoxybenzoyl-a-3-methoxy-4-ethoxybenzylidene-B-methylenepropionic acid (c ii). 
The ‘keto-acid (c i) (2-8 g.) m 10% sodium hydroxide solution (14 c.c.) was kept for 22 
hours with 20% formalin (7 c.c.). The diluted solution was acidified, and the product collected 
and crystallised from benzene; colourless prisms (2-5 g.), m. p. 180°, were obtained (Found : 
equiv., 408. C,,;H,,O, requires equiv., 412). 

6-3-Methoxy-4-ethoxybenzoyl-a-3 : 4-dimethoxybenzylidene-B-methylenepropionic acid ({d_ ii), 
prepared similarly by the action of formalin on (d i), crystallised from chloroform—benzene in 
colourless prisms, m. p. 176—177° (Found : equiv., 409. C,;H,,O, requires equiv., 412). 

Lactone of 6-methoxy-7-ethoxy-1-3' : 4'-dimethoxyphenyl-2-hydroxymethylnaphthalene-3-carb- 
oxylic acid (III). The methylene acid (c ii) (2-2 g.), glacial acetic acid (14 c.c.), and concentrated 
hydrochloric ‘acid (30 c.c.) were allowed to react for 24 hours. After dilution with water, the 
solid was collected and warmed on the water-bath with 10% sodium hydroxide solution (10 c.c.) 
for l hour. The filtered solution was acidified, heated at 100° for 1 hour, and treated with sodium 


bicarbonate solution. The /actone (III) was collected; it crystallised from chloroform-methy] . 


alcohol in colourless slender needles (1-9 g.), m. p. 223—224° (Found : C, 69-9; H,5-7. C,3H,,0, 
requires C, 70-1; H, 5-6%), which gave no depression in m. p. when mixed with the lactone, 
m. p. 223—224°, obtained by the action-of lead tetra-acetate on /-arctigenin ethyl ether. 

The Jactone of 6: 7-dimethoxy-1-3'-methoxy-4'-ethoxyphenyl-2-hydroxymethylnaphthalene-3- 
carboxylic acid (V), prepared similarly from the methylene acid (d ii), crystallised from chloro- 
form—methy] alcohol in colourless needles, m. p. 214—215° (Found : C, 69-9; H, 5-7. “C,,H,,0, 
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requires C, 70-1; H, 56%). A mixture of the lactone (V) and the lactone, m. p. 223—224°, 
from /-arctigenin ethyl ether melted at 200—205°. 


Spectroscopic Data.—The measurements were made in approx. M/12,000-alcoholic solutions. 
Auax. (A.). €max. x lo. 


l-Arctigenin ethyl ether.............csceceseeeeeee 2,800 1°45 
Synthetic lactone (I; R = Et)  ...........000e 2,800 1°45 
Synthetic lactone (II; R = Et). ............066 2,800 1°95 
UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, May 29th, 1936.] 





221. The Viscosity of Butyric Acid—Water Mixtures. 
By C. R. Bury and J. GRINDLEY. 


Tuts is one of a series of papers on the physicochemical properties of butyric acid—water 
mixtures (Jones and Bury, Phil. Mag., 1927, 4, 841; Bury, tbid., p, 980; Grindley and Bury, 
J., 1929, 679; 1930, 1665; Davies and Bury, J., 1932, 2413). Viscosities have been 
thoroughly investigated at five temperatures in the range — 3° to 35°. No abrupt change 
of slope of the viscosity—concentration curve at the critical concentration for micelles has 
been detected, but the usual anomaly in the neighbourhood of the critical solution point 
has been found. 
EXPERIMENTAL. 


The purification of butyric acid, the preparation of the solutions, and the determination of 
their densities have been described in previous communications. All measurements recorded 
in this paper have been made with an Ostwald viscometer, the characteristics and calibration of 
which have been already described (Bury, J., 1934, 1380), but in a number of cases these have 
been checked by measurements with two other viscometers of the same type, in one of which 
the rate of flow was slightly faster and in the other considerably slower. 

The procedure adopted was to place in the viscometer a suitable volume of solution, measured 
at room temperature, and to measure the flow-times at a number of temperatures. A small 
correction is necessary to compensate for the change in volume of the solution between room 
temperature and that of the experiment. It can easily be shown that this correction can be 
made by using a corrected flow-time (T,) instead of the observed flow-time (T,), these being con- 
nected by the equation T, = T,[1 + h(a’ — d’’)], where d’ and d@” are the densities of the solution 
at the temperature of the experiment and at that of the room respectively. Preliminary experi- 
ments showed that the numerical value of the constant (k) was 0-143, and that the formula was 
valid for far larger changes in volume than were ever encountered. Allowance for the kinetic 
correction was made in calculating viscosities, though the effect of this correction is often in- 
appreciable, and even in extreme cases does not affect the result by 1%. Values of the absolute 
viscosity of water were taken from the International Critical Tables (1929, 5, 10). The results 
are probably accurate to within 0-2%. 

In the first series, the results of which are given in Table I (n = viscosity, in poises), measure- 








TABLE I. 
7 X 10°. 7 X 10°. 

Acid, %. 0°. 12°. 25°. 35°. Acid, %. 0°. 12°. 25°. 35°. 
0 17°94 12°39 8°95 721 50°1 65°3 40°70 26°99 20°49 
3-002 20°20 13°69 9°73 7°77 55°0 67°1 42°45 28°23 21-50 
6024 22-71 15°12 10°65 8°44 60°3 69-0 43°94 29°41 22°43 
9-07 25°37 16°65 11°52 9°11 65°2 70°3 45°28 30°39 23-22 

12°12 28°15 18°18 12°48 9°79 69°8 — 46°23 31-21 23°92 
14:97 30°69 19°66 13°44 10°48 73°3 71-0 46°27 31-29 24°15 
17°49 33°17 21-12 14°40 11-20 773 70°4 46°12 31:36 24°15 
20°12 35°69 22-84 15°50 12-01 81-4 68°3 45°23 30°95 23°98 
23°73 39°87 25°21 16°95 13-08 84°6 65°4 — 30°32 23°58 
27-93 45°20 28-15 18°81 14°45 85°8 63°8 42°95 oe oun 
31-78 49°66 30°77 20°38 15°63 88°8 60-1 40°79 28°61 22°48 
36°33 55-0 33°61 22-22 16°95 90°8 55°2 38°13. 27-02 21-42 
39°81 58°6 35°72 23°65 17°96 95°6 42°80 30°60 22°49 18°19 
42°87 60°9 37°30 24°63 18°73 100 25°27 19°46 15°29 12-95 
45°14 62° 38°44 25°38 19°32 
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ments were made at four temperatures, 0°, 12°, 25°, and 35°. Flow times were always deter- 
mined in duplicate; no significant differences were ever observed between the first and second 
observations except that inconsistent results were obtained for that solution the viscosity of 
which might be expected to be the highest of the whole series (i.e., 69-8% acid at 0°)—the 
apparent viscosity varied from one determination to another and was always higher than might 
be expected. This must have been due to dust in the viscometer, for it was impossible to reproduce 
the effect with other solutions of similar concentration, but this observation led to a second series 
of measurements at 0° and at — 3°, covering the range of concentrations where the viscosity is 
greatest. The measurements at — 3° were extended to a concentration of 33% acid in order to 
cover the region of the critical solution point. The results of the second series are given in Table 
II, and both series are plotted in the figure. 





TABLE II. 
7 X 10°. 7 X 10°. 
—3°. 0°. 





Viscosity. 
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DISCUSSION. 


The anomalous viscosity in the neighbourhood of the critical solution point (40% acid, 
— 3-8°; Faucon, Compt. rend., 1909, 148, 1189; see also Timmermans, Z. physikal. Chem., 
1907, 58, 129) can be clearly seen in the curve for — 3°, and can also be detected on a large- 
scale graph in the curve for 0°. These anomalies are similar to those found for other systems 
in the neighbourhood of the critical solution point (Friedlander, ibid., 1901, 38, 385). 

No abrupt change of slope at about 12% acid can be detected, similar to those found in 
the density-concentration and the specific heat-concentration curve, which have been 
attributed to micelle formation. This was not entirely unexpected: the viscosity—con- 
centration curves of the soaps are smooth curves and exhibit no sudden change of slope at 
the concentration at which micelles begin to be formed. The high viscosity characteristic 
of many solutions of reversible colloids is generally attributed, not to the existence of 
colloidal particles, but to a secondary aggregation of these—incipient gel formation (see, 
e.g., McBain, J. Physical Chem., 1926, 30, 239). 

The most noticeable feature of the curves is the pronounced maxima. Although such 
maxima are often attributed to the formation of compounds, such an explanation is improb- 
able in this case. There are no other grounds for belief in a compound between butyric 
acid and water, and the positions of the maxima vary with the temperature, the maxima at 
0° and at 35° being at 71 and 76% acid respectively. 


EpWARD Davies CHEMICAL LABORATORIES, 
UNIVERSITY COLLEGE OF WALES, ABERYSTWYTH. (Received, April 22nd, 1936.] 
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222. The Action of Nitrosyl Chloride on n-Hexane in Presence of 
Lnght. 


By STOTHERD MITCHELL and SAMUEL C. CARSON. 


LYNN (J. Amer. Chem. Soc., 1919, 41, 368) found that when a solution of nitrosyl chloride 
in n-heptane was exposed to sunlight it developed a transient blue colour, evolved hydrogen 
chloride, and deposited a brown oil which on steam distillation gave di-n-propyl ketone and 
smaller quantities of isomeric ketones. Later, Lynn and Hilton (ibid., 1922, 44, 645) 
showed that the oil contained oximes. The solution from which the oil had separated was 
not examined, but it was concluded that the blue colour was due to the formation of second- 
ary nitrosoparaffins, which in presence of light were transformed into the corresponding 


oximes : 
—HCl 


C,H,, + NOC] —“, C,H,,:NO (blue) —> C,H,,/N-OH (oil) 


We became interested in the latter reaction, as it appeared to be promising for asym- 
metric photochemical work (cf. Mitchell, J., 1930, 1829). By using n-hexane instead of 
n-heptane, we expected to obtain secondary nitrosoparaffins with asymmetric carbon 
atoms whose asymmetry would be destroyed by the oxime transformation, and we hoped 
that it might be possible to isolate them from the blue solution. Michael and Turner (Ber., 
1906, 39, 2153) have shown that n-hexane is readily chlorinated in sunlight, giving products 
which boil over a considerable temperature range, so it was desirable to use pure nitrosyl 
chloride in our experiments. Lynn had been content with the mixture of gases obtained 
by heating aqua regia. Owing to photochemical decomposition of the nitrosyl chloride 
(cf. Kistiakowsky, J. Amer. Chem. Soc., 1930, 52, 102), however, a certain amount of 
chlorination was to be expected even with pure nitrosyl chloride. 


We prepared our nitrosyl chloride by heating a mixture of dry sodium chloride and pure 
nitrosylsulphuric acid, the latter having been obtained by the action of sulphur dioxide on cold 
fuming nitric acid. The gaseous nitrosyl chloride was passed into n-hexane (b. p. 67—69°) until 
it was saturated. Our first experiments with this solution were carried out in open boiling-tubes, 
and with bright sunlight the reaction proceeded exactly as described by Lynn for n-heptane. 
During a period when the available sunlight was not very bright, we were surprised to find that, 
although the blue colour developed slowly and then gradually disappeared, scarcely any oil was 
obtained. Photo-oxidation of the nitroso-compounds had evidently been taking place, for when 
air was excluded a brown oil separated as before, and a quantity was collected. 

Examination of the Brown Oil.—Some of the oil was dissolved in water, neutralised with 
barium carbonate, and steam distilled. A colourless liquid was obtained, b. p. 79—82°/10 mm., 
nx” 1-4494 (Found : C, 62-3; H, 11-0. Calc. for CgH,,ON: C, 62-6; H, 11-3%). Trapesonz- 
janz (Ber., 1893, 26, 1433) gave nz” 1-4464 for methyl n-butyl ketoxime. 

A second portion of the oil was submitted to steam distillation without being neutralised, and 
yielded a colourless liquid, b. p. 120—130°, n}% 1-4055. Some of the latter was treated with 
chromic acid in the cold (cf. Michael and Turner, loc. cit.), but no hexoic acid resulted, so no 
aldehyde had been present. Another quantity of the liquid was allowed to react with semi- 
carbazide hydrochloride, and the semicarbazone which separated was crystallised from alcohol 
(Found: C, 53-3; H, 9-5; N, 27-1. Calc. for C,H,,ON,: C, 53-5; H, 9-55; N, 26-8%). 
Following the procedure of Michael (Ber., 1906, 39, 2146), we found that the liquid consisted of 
about equal amounts of methyl n-butyl ketone and ethyl »-propy] ketone, and we concluded that 
the brown oil contained the oxime hydrochlorides of these ketones. 

Absorption Spectra.—The absorption spectrum of a solution of ote chloride in n-hexane 
was next examined. The violet and ultra-violet rays were strongly absorbed and bands were 
located in the orange and blue with their heads at about 6000 and 4780 A., respectively. Using 
a carbon arc lamp in conjunction with suitable filters, we showed that the absorbed light in each 
of these regions was capable of turning the nitrosyl chloride solution blue, but the violet and 
ultra-violet rays were much more effective than the others. 

We removed the hydrogen chloride and unchanged nitrosyl chloride from one of the blue 
solutions by blowing nitrogen through it, and examined its absorption spectrum. We found a 
band in the red with its head at about 6600 A. 
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Examination of the Blue Solution.—For preparing a quantity of the blue solution the red 
rays were filtered off from sunlight * by means of a solution of copper sulphate, and air was 
excluded from the nitrosyl chloride solution. The latter was contained in long tubes which were 
immersed in cylinders containing the copper sulphate solution. Under these conditions the 
reaction was arrested at the blue stage and only a little oil separated. When the evolution of 
hydrogen chloride ceased, the solutions were resaturated with nitrosyl chloride and again exposed 
to light. The process was then repeated so that in all each solution had three saturations. 
The resulting blue solutions were thoroughly washed with dilute sodium bicarbonate solution, 
dried, and fractionated under reduced pressure. A blue liquid, b. p. 39—42°/13 mm., was 
collected. From 1 1. of hexane, only a few c.c. of this liquid were obtained, so its preparation 
was somewhat tedious. The blue liquid could be kept in the dark for several weeks without any 
apparent decomposition (Found : N, 5-8; Cl, 25-0%; M, in benzene, 136). 

We were at first surprised that the molecular weight and the chlorine content were so high. 
From the boiling point it was expected that monochlorohexanes would be present, but as these 
could account for only part of the chlorine it was evident that the compounds containing the 
nitroso-group must also contain chlorine. Further, the stability of the blue liquid led us to 
believe that the nitroso-groups were attached to tertiary carbon atoms (cf. Ipatieff, J. Russ. 
Phys. Chem. Soc., 1899, 31, 426). The conditions are satisfied by §8- and yy-chloronitroso- 
hexanes, and it seemed likely that the blue liquid was a mixture of these compounds together 
with some monochlorohexanes. Rheinboldt and Dewald (Annalen, 1927, 455, 300) prepared 
both @8- and yy-chloronitrosohexanes by the action of nitrosyl chloride on the corresponding 
oximes and showed that they were readily oxidised by nitric acid to chloronitro-compounds. 
We therefore oxidised some of our blue liquid by this method and on fractionating the product 
obtained a lower fraction, b. p. 45—55°/15 mm., which did not contain nitrogen, and a higher 
one, b. p. 79—80°/17 mm., which did. The former gave Cl, 29-7 (Calc. for C,H,,Cl: Cl, 29-4%) 
and the latter Cl, 21-7 (Calc. for C,H,,0,NCI: Cl, 21-4%), so our conclusions are confirmed. 

Rheinboldt and Dewald (loc. cit.) also showed that chloronitroso-compounds are oxidised by 
light and air in the same way as by nitric acid, but they did not carry out any photochemical 
experiments in the absence of oxygen. We felt, therefore, that it was desirable to submit our 
blue liquid to the action of red light in absence of oxygen. When this was done in hexane 


solution,t oxime hydrochlorides separated along with a quantity of tar as in our earlier experi- 
ments. We can conclude therefore that the oxime hydrochlorides which we obtained previously 
were produced (in part at least) from the blue chloronitroso-compounds, Further, since the 
ketone mixture obtained from the original brown oil consisted of about equal amounts of 
methyl n-butyl ketone and ethyl n-propyl] ketone, it seems likely that the 6§- and yy-chloro- 
nitrosohexanes are present in much the same proportion. 


CONCLUSIONS. 


When a solution of nitrosyl chloride in n-hexane is exposed to light from the violet end 
of the spectrum it rapidly turns blue. We have shown that the blue colour is due to the 
formation of ®8- and yy-chloronitrosohexanes and not to secondary nitrosohexanes as the 
work of Lynn had led us to suppose. Probably secondary nitroso-compounds are first 
formed, but pass over immediately to the corresponding oximes, which (without the help 
of light) are converted into the chloronitroso-compounds by more nitrosyl chloride. Oxime 
hydrochlorides are produced from the chloronitroso-compounds with red light in absence of 
oxygen, but photo-oxidation takes place in presence of oxygen. 


We thank the Carnegie Trust for the Universities of Scotland for a scholarship which enabled 
one of us (S. C. C.) to take part in this work. 


UNIVERSITY OF GLASGOW. (Received, January 10th, 1936.) 


* In some experiments a mercury vapour lamp was used instead of sunlight. 

t+ When methyl alcohol was used as solvent, the solution remained homogeneous and became only 
faintly brown. After the methyl alcohol had been distilled off, the remaining acid oil was extracted 
with hexane and the residue was dissolved in water. The solution was neutralised and the precipitated 
oil was extracted with chloroform and distilled. A liquid, b. p. 80—83°/11 mm., was obtained with 
nw* 1:4494 (Found: C, 62:1; H, 110%). These values are in agreement with those recorded for our 


original oxime mixture. 
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223. The Influence of Solvents and of Other Factors on the Rotation of 
Optically Active Compounds. Part XXXIII.* The Behaviour of 
B-Octyl Alcohol and of B-Octyl Acetate. 


By T. S. PatTerson and Giapys M. HoLMEs. 


IN previous papers of this series it has been suggested, from the experimental evidence 
adduced, that the variation in rotation of a considerable number of active compounds may 
be regarded from a single point of view, on the supposition that different solvents at varying 
concentrations reveal what may be regarded as different parts of a general temperature— 
rotation curve; and that the only datum in regard to optically active compounds, of a 
really fixed character, is the point at which any two temperature-rotation or concentration 
curves intersect. It remains a moot question whether such temperature-rotation curves 
can intersect at more than one temperature, and at more than one rotation, or not. 

To extend this kind of examination to substances of a slightly different character, we 
have recently examined §-octyl alcohol and 6-octy] acetate, chiefly because these substances 
are fairly easily obtained, and because the work of Pickard and Kenyon suggested directions 
in which investigation might be prosecuted. These authors (J., 1914, 105, 837, 844) showed 
that the rotation of d-f-octyl acetate can be made to vary through a moderate range of 
rotation by solution in benzene, carbon disulphide, and pyridine. They examined a large 
number of esters of 6-octyl alcohol in various solvents, but only at laboratory temperature. 
We have now investigated a number of solutions over as wide a range of temperature as 
possible, and for six colours of light, to ascertain whether the general behaviour of these 
compounds corresponded to that observed in the tartrates, malates, lactates, etc. The 
experimental results are given at the end of the paper, and the corresponding graphs are 
shown in the diagrams, where, in some cases, to avoid too much confusion, all six curves are 
not reproduced. 

To compare our material with that of Pickard and Kenyon, we first examined the rota 
tion, over a range of temperature, of d-B-octyl alcohol itself, and on the whole our results 
[Fig. 1 (a)] agree very closely. The rotation, for all the colours of light examined, gradually 
diminishes as the temperature rises, and in such a way as, apparently, to tend towards a 
minimum value, or to intersect. 

The solvents used by Pickard and Kenyon, and by Rule (J., 1933, 376) do not much 
alter the rotation of the alcohol. To them we added only one not previously examined, 
viz., paraldehyde, which we found to raise the rotation slightly. With rise of temperature 
the rotation diminishes, much in the same way as does that of the homogeneous alcohol. 
- Since the rotation of the alcohol itself, however, did not seem to be sufficiently variable for 
our purpose, we prepared £-octyl acetate, whose rotation is more variable, and examined 
its rotation at a number of different temperatures in the homogeneous condition, in benzene, 
and in carbon disulphide. Fig. 1 (6) shows the behaviour of the homogeneous acetate. The 
rotation values decrease gradually as the temperature increases, and in such a way as to be 
convex to the point of origin of the diagram, #.¢., as if they were tending to a minimum value. 
The curves are not unlike those for d-$-octyl alcohol, but the fall of rotation, with rise of 
temperature, is rather more rapid. Our results agree closely with those of Pickard and 
Kenyon whose data (loc. cit., p. 861), when plotted, give graphs for v, g, and y, which inter- 
sect as follows : v/g at + 1-9° and 140°; g/y at + 1° and 167°; and v/y at + 1-5° and 145°. 

In benzene solution of p = 49 [Fig. 1 (c)], the various curves for .d-f-octyl acetate are 
depressed to some extent, whilst, with rise of temperature, the rotation further diminishes, 
all in such a way that intersection of the T7—R curves takes place, and a region of visibly 
anomalous dispersion is brought into view. The curve for violet light cuts through all 
the others, intersection with green taking place at a rotation of 1-45° (¢ = 34°). Inap = 25 
solution [Fig. 1 (d)] this behaviour is more marked. The curves are further depressed, and 
the region of intersection lies almost out of the diagram to the left. There is some inter- 
section for the curves for the longer wave-lengths, and those for blue and violet lie completely 


* Part XXXII, J., 1934, 100. 
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helow the others. In a # = 12 solution [Fig. 1 (e)] this process has obviously proceeded 
further; the sequence of the curves is the opposite to that of the homogeneous ester, and 
they do not intersect at all within the range of the diagram. Hence, it would seem that 
benzene tends to move the 7-R curves of the homogeneous ester towards the left of the 
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diagram, and thus make apparent, at ordinary temperatures, the region of anomalous 
dispersion, which, in the homogeneous ester, exists at a temperature of about 140—170° 
Carbon disulphide appears to exert a different and more powerful influence, which, on 
account of the low boiling point of the solvent, could only be examined through a short 
range of temperature. The 7—R curves for a p = 72-5 solution [Fig. 2 (f)] of d-B-octyl 
acetate are somewhat depressed as compared with the homogeneous ester, but they are 
practically straight lines, whereas those for the homogeneous ester are convex to the point 
of origin of the diagram. Ina solution of p = 57-9 [Fig. 2 (g)] the values are again lowered, 
and the curvature has become concave to the point of origin of the diagram. Inthe p = 47 
solution [Fig. 2 (h)], with further depression of rotation, the dispersion has become visibly 
anomalous, the sequence of colours at 0° being v, 7, 79, ¥, g, 5, and at 40° v, 7,, 79, y, 5, g. 
The curve for blue cuts that for green at a temperature of about 28° and a rotation of about 
+ 1-7°. It is evident that the curves are all close to a maximum value, which, as the 
dilution increases, and the rotation falls, moves from the left of the diagram towards the 
right. 
The rotation diminishes so rapidly with dilution, in carbon disulphide, that there is 
again quite a distinct difference in a = 45 solution [Fig. 2 (R)], the violet curve being more 
depressed, and a maximum value more distinct. In the » = 37 solution [Fig. 2 (m)], 
with further depression of the rotation the maximum has passed to the right, so that the 
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curves for violet and blue rise, with increase of temperature, and this is much more marked 
for the = 14 solution [Fig. 2 ()]. 

Although a little puzzling at first sight, it seems probable from these results that, whilst 
benzene and carbon disulphide both depress the rotation of d-B-octyl acetate, the former 
moves the T-R curve to the left and brings into view a region of anomalous dispersion 
lying towards the right, whereas the latter has exactly the opposite effect. 

On comparing the curves in Figs. 1 (d) (where, we may take it, there is definite inter- 
section) and 2 (m), it is clear that the latter set could not pass into the former by a single 
intersection, since this would bring the resulting curves out in the wrong order. If, how- 
ever, there were two intersections, the results actually found might be expected. 

This will be seen also from Fig. 3 («), which indicates what we consider to be the nature 
of the general temperature-rotation curves for d-B-octyl acetate, if the substance could be 
examined over a sufficient range, particularly in the low-temperature direction. The 
influence of benzene tends to move the whole curve towards the left, and thus bring into 
view the anomalous region at A, whereas carbon disulphide tends to move the whole curve 
to the right and bring into view the region of anomalous dispersion at B. Regions corre- 
sponding roughly to the sets of curves in Figs. 1 and 2 are marked on the diagram, and it 
will be seen that only by ¢@o intersections—at A and B—could the proper sequence be 
arrived at, in passing from the curves of Fig. 2 (m) to those of Fig. 1 (e). 

Unfortunately, it is difficult to investigate this second region of anomalous dispersion, 
partly owing to the low boiling point of carbon disylphide, and partly because the inter- 
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section of the different curves takes place at a rotation value very near zero, which makes 
measurement rather difficult. It seems possible, however, that the characteristic diagram 
given by Pickard and Kenyon (J., 1914, 105, 847) may really be made up of two separate 
characteristic diagrams, relating severally to the region of intersection to the right and to 
the left of the diagram. Such a possibility has already been discussed by one of us with 
Buchanan (J., 1928, 3006), and referred to, or implied in, other papers with Todd (J., 
1929, 2885, Fig. 3), with Loudon (J., 1932, 1728, Fig. 2), and with McCreath (J., 1933, 763, 
Fig. 44; 1934, 100). 

After the foregoing experiments were completed, we happened also to try ethyl cinnam- 
ate as a solvent, and found it to be of distinct and novel interest, and to corroborate and 
amplify our conclusions. It had, in the first place, an even greater depressing effect than 











Ss 
S 
5 
e 
& 
€ 
v 
3 








0" 10° 20° 30° 50° 60° 70° 80° 90° 100 
emperature. 


carbon disulphide. The T—R curves for a = 33-3 solution are shown in Fig. 4 (g)._ For all 
colours the rotations are considerably depressed, and although, with rise of temperature, 
they increase again, it seems highly improbable that they would intersect at any ordinary 
temperature, since it is clear that even below 100° they have in all cases practically reached 
their maximum values. Ay mah aan 
The T-R curves for a solution of = 50-47 are shown in Fig. 4 (0), from which it is 
evident that in this more concentrated solution the maximum rotation occurs at a lower | 
temperature, lower by about 100°. These T—R curves also do not appear to intersect.* 
Neither of these two sets of curves exhibits an actual maximum value, but in a solution of 
p = 46-12 [Fig. 4 (p)] this maximum is realised, and is foufid to move towards a lower 
temperature in passing from violet to red. It is clear that there is no intersection of these 


* In a solution of p = 66°02, which was examined later intersection is very definite, the curves 
for v and 6 cutting right across those for the other colours, 
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curves. It is of some special interest that the curve for 7, in this figure just cuts the zero 
axis twice, a behaviour which, as far as we are aware, has not previously been observed. 
A similar behaviour would doubtless be observed for the g, y, 72, and 7, curves of Fig. 4 (0) 
were it convenient to carry the cooling to a sufficiently low temperature. The experiments 
just described suggest an extension of our ideas regarding the general character of the 7—R 
curves in this case. Those for benzene and carbon disulphide led us to the suggestion of 
the general T—R curves shown in Fig. 3 (a). The later ones with ethyl cinnamate suggest 
that depressing solvents of this character may alter the curves in such a way that, as the 
rotation value is lowered and the maximum moved towards the right, the more arched 
violet curve is, as it were, thrust downwards through the red curve, the progressive stages 
being as shown in Fig. 3 (8) and (y)*. The experimental curves shown in Fig. 4 would then 
correspond to the general curves of Figs. 3 (8) and (y). Only at higher concentrations would 
intersection begin to take place, and then the maximum would have moved so much to the 
left that it would be difficult or impossible to make the experimental observations. 

It may be mentioned that dispersion curves, corresponding to the T—R curves of Fig. 
4 (p), would alter slightly in shape, with rise of temperature, until a maximum in the temper- 
ature—rotation curves was passed, when they would gradually return at higher temperatures 
to something closely approaching their shape at zero, some of the curves, however, cutting 
one another. This behaviour seems quite different from that exhibited by such substances 
as the tartrates examined by Winther (Z. physikal. Chem., 1902, 41, 117, 338, 360, etc.) 
and from the kind of behaviour discussed by Lowry (J., 1915, 107, 1200), but they would 
be analogous to the dispersion curves corresponding to the regions k and m of the inset 
diagram in Fig. 2 of Patterson and Todd (J., 1929, 2885). 

In view of the markedly different behaviour of benzene and carbon disulphide as 
solvents, we thought it worth while to calculate the apparent molecular solution volume of 
8-octyl acetate in each of them, since the apparent M.S.V. of ethyl tartrate in different 
solvents sometimes shows a variation corresponding to change in rotation (J., 1901, 79, 
214, 484; 1902, 81, 1131). 


Apparent molecular solution volumes (M.S.V.) (in c.c.) of B-octyl acetate at 20°. 
(M.V. of homogeneous ester at 20° = 199°4 c.c.) 
In benzene. In carbon disulphide. Ethyl cinnamate. 


a 


M.S.V. ~. M.S.V. > MSV. p. MSV. > MSV. »p. MS.V. 
00°3 12 2015 725 2019 37:1 209-7 50° 1984 333 1978 
. 0 2023 58 203°6—S—iéd‘' Ls 214-7 479 1984 191 1963 

47-1 205°6 0 219-0 45°3 198-0 0 193-0 
45°2 207°5 








It appears, in fact, that although, in benzene, the apparent M.S.V. of B-octyl acetate 
only increases slightly, from 199-4 c.c. to approximately 202-3 c.c. at infinite dilution, 
in carbon disulphide, on the other hand, it increases much more rapidly, being already 
214-7 c.c. at = 14, and at infinite dilution it would presumably be about 219 c.c. There 
is thus a very considerable difference in this respect between benzene and carbon disulphide 
as solvents. It must, however, be remembered that the formula used in calculating these 
values attributes the whole change in volume to the $-octyl acetate, and this, almost cer- 
tainly, is not the case. But even then the difference is worthy of note. Unfortunately, 
however, the behaviour of ethyl cinnamate in this respect does not agree with that of 
carbon disulphide. Instead of the increase of volume which, from,analogy, was to be 
expected, there is a decrease, to approximately 193 c.c. at infinite dilution. 


EXPERIMENTAL. 
The colours of light used were as follows : 


71. Yo. y. g. b. v. 
By Baa voccvenddbvetbtdoncscens 6716 6234 5790 546 4916 4358 
* One of us and McCreath (J., 1933, 764, note) predicted, in connection with certain of the T-R 
curves for the tartrates, the possibility of this behaviour. 
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In our experiments the d-form was used in the case of the homogeneous alcohol, for the alcohol 


in paraldehyde, and for homogeneous octyl] acetate. 
disulphide, however, the /-form (prepared from /-octyl alcohol) was used. 


For octyl acetate in benzene and carbon 
In ethyl cinnamate 


both forms were used. The experimental data quoted are those actually observed, but where 
the /-compound was used, the values have been inverted in the graphs to make the results com- 
parable with those for the d-alcohol and the corresponding acetate. 


d. 


0°8341 
0°8216 
0°8107 
0°7997 
0°7902 
0°7803 
0°7739 


0°9960 
0°9751 
0°9562 
0°9418 
0°9235 
0°9073 
0°8866 


0°8800 
0°86224 
0°8500 
0°8383 
0°8244 
0°8115 


0°8873 
0°8682 
0°8528 
0°8416 


0°8918 
0°8745 
0°8562 
0°8446 


0°8938 
0°8759 
0°8559 
0°8451 


Homogeneous d--octyl alcohol. 


[a],,- [a],,- [a],- 
7°695° 9-08° 10°66° 
7°45 8°72 10°27 
7°29 8°50 9°98 
7°15 8-21 9°75 
7:07 8°19 9°66 
6°92 8-09 9°47 
6°88 8°04 9°40 


d-B-Octyl alcohol in paraldehyde (p = 9°9584). 


8°85 10°42 12°04 14°08 
8°794 10°00 11-80 13°75 
8°41 9°79 11°35 13°28 
8°42 9°27 11-25 13°02 
8°18 9°17 11-00 ; 

8°20 9°22 10°87 12-28 
7°97 9°10 10°57 12°27 


[a],. 
12°12° 
11°63 
11°34 
1l-1l 
10°91 
10°77 
10°70 


Homogeneous d-B-octyl acetate. 
7°40 8°40 
6°25 7°24 
5°44 6°35 
4°88 5°59 
4°22 4:79 
3°59 4°03 


6°51 
5°48 
4°81 
4°34 
3°74 
3°19 


1-B-Octyl acetate in benzene (p = 49°2744). 
— 1-736 —1°941 — 2°284 —2°510 
—1°58 —1°715 —1°934 — 2°04 

—1-154 —1-273 — 1-332 — 1-392 
—0°437 —0°464 #—0°467 —0°524 


1-B-Octyl acetate in benzene (p = 25-315). 
—0'786 —0842 -—0903 —0°864 
—0463 —0344 —0344 —0°169 
+0092 +0124 +0338 +0°531 
+0°392 +0°544 +0696 +0°895 


1-B-Octyl acetate in benzene (p = 11°9943). 
—0268 -—0443 -—0408 -—0'163 
+0°131 +0262 +0583 +0°797 
+0°731 +0°828 +1°145 +1°558 
+0°913 +1:06 +153 +1°74 


[a],. 
15°24° 
14°61 
14°28 
13°946 
13°73 
13°58 
13°45 


17°64 
17°26 
16°73 


"16°41 


16°03 
15°72 
15°07 


— 2-882 
—2°212 
— 1-428 
—0°467 


—0°687 
+0°141 
+0°983 
+1°526 


+0°371 
+1°429 
+2°254 
+2°799 


[a],- 
19-96° 
19°22 
18°70 
18°36 
18°09 
17°84 
17°76 


22°79 
22°49 
22°03 
21-80 
21-10 
20°70 
20°24 


14°45 
12°15 
10°60 
9°20 
7°80 
6°38 


—3-°148 
—2°148 
— 1-184 
—0°054 


—0°083 
+0°975 
+1-978 
+2°77 


+1°364 
+2°63 
+3°82 
+4°698 


d-B-Octyl acetate in carbon disulphide (p = 72°5). 


0°9420 
0°9237 
0°9124 
0°9050 


+47 
411 
3°67 
3°57 


+5°4 


4°61 
4°20 
3°89 


+6°09 
5°22 
4°81 
4°43 


+6°93 
5°84 
5°27 
4°92 


+821 
7°02 
6°31 
5°85 


1-B-Octyl acetate in carbon disulphide (p = 57°9564). 


1-012 

0°9816 
0-9679 
0°9609 


— 2°88 
—2°72 
— 2°20 
—2-01 


—3°26 
—3°06 
—2°51 
— 2°38 


126° 


0°9885 


[a],, = 
—3-128° 


—3°72 
—3°47 
— 2°85 
—2°76 


11-8° 
0°9894 


[a], = 
—3°50° 


—4:07 
—3°74 
—3:14 
— 2°93 


11°3° 
0-9899 


[a], = 
— 3-806 


—4°74 
—4°30 
— 3°63 
—3-°39 


12°5° 


0°9886 


[a], = 
— 4°396° 


+10°13 
8°43 
7°53 
6°80 


— 5°24 
—4°74 
—3°97 
— 3°69 


11-9° 
0:9893 


[a], = 
—4°91° 





0 
18 
37 
53°2 
7271 
91-7 
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d. 


1-0295 
1-0250 
10119 
10076 


[a],,- 
+1°53° 


1°42 
1:28 
1-04 


[a}y,- 
+1°73° 
1°67 
1°42 
1-23 


[a],. 
+1°81° 
1°77 
1°61 
1°33 
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d-B-Octyl acetate in carbon disulphide (p = 47-0747). 


[a], 
+1°95° 
1°85 
1°64 
1-39 


[a]s. 
+2°04° 
1-90 
1-69 
1:37 


1-B-Octyl acetate in carbon disulphide (p = 45°229). 


10372 
1-0228 
10117 
1-0038 


10678 
1-0518 
10426 
1-0355 


— 1-287 
— 1-246 
—0°992 
—0°986 
1-B-Octyl acetate in carbon disulphide (p = 37:1). 
—0°372 
—0°388 
—0°382 
—0°358 


—1'346 
— 1-259 
— 1-090 
— 1-054 


—0°297 
—0°359 
—0°339 
—0°309 


— 1°33 

— 1-302 
—1-104 
— 1-052 


—0°05 

—0°192 
—0°188 
—0°179 


— 1364 
—1°332 
—1°145 
—1-071 


+0°098 
—0°019 
—0°061 
—0°036 


—1-138 
—1:119 


—1-010 


1-B-Octyl acetate in carbon disulphide (p = 14:1451). 


11945 
1-1692 
11515 
11355 


1-8-Octyl acetate in ethyl cinnamate (p = 66°021). 


0°9369 
0°9208 
0°9069 
0°8934 
0°8750 
0°8578 


0°9657 
0°9503 
0°93524 
0°9210 
0°90599 
0°8864 


d-B-Octyl acetate in ethyl cinnamate (p = 46°12). 
—0°005 
+0°014 
—0°034 


0°9830 
0°9740 
0°9613 
0°9450 
0°9274 
0:9099 
0°8900 


1-B-Octyl acetate in ethyl cinnamate (p = 33°2876). 


0°9998 
0°98435 
0°9682 
0°9537 
0°9361 


10280 
1-0121 
0°99559 
0°98147 
0°96455 
0°94738 


+5°74 
+4°52 
+3°84 
+311 


—2°72 
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1-B-Octyl acetate in ethyl cinnamate (p = 19°08). 
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SUMMARY. 


An examination of the rotation of B-octyl acetate in benzene, in carbon disulphide, and 
in ethyl cinnamate leads to the conclusions that the 7—R curves, could they be examined 
over a sufficient range of temperature, would usually show two regions of visibly anomalous 
dispersion; and that solution in benzene, whilst lowering the maximum rotation, tends to. 
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displace the family of 7—R curves towards the left, bringing the high-temperature region of 
anomalous rotation dispersion into view; whereas carbon disulphide and ethyl cinnamate, 
although also depressing the rotation, appear to displace the 7—R curves to the right, but 
in such a way that, with increasing dilution, these regions of intersection disappear, leaving 
the graphs for the various colours of light entirely free of each other. 

Although carbon disulphide and ethyl cinnamate have very similar effects on $-octyl 
acetate as regards rotation, they have opposite effects on its apparent molecular solution 


volume. 
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224. A Kinetic Study of the Hydrolysis and Alcoholysis of Phenyl 
Acetate. 
By WILttAM A. WATERS. 


SEVERAL recent communications in the Journal have dealt with the kinetics of esterification 
and hydrolysis catalysed by acids, but in none of them has any experimental attempt been 
made to distinguish between the réle of the solvent and that of the catalyst. For instance, 
Hinshelwood and Legard (J., 1935, 587) have made a statistical investigation based upon the 
conception that the esterification process involved collision between molecules of a carb- 
oxylic acid and solvent molecules with which are associated the catalyst, in the form of 
complexes such as CH,-OH,*. On the other hand, Lowry (J., 1925, 127, 1380) had, from 
analogy with the mechanism of mutarotation, previously suggested that the processes of 
hydrolysis and esterification involved, in acid media, the initial union of proton with the 
ester molecule : 
+ 
R—CO—-0—-R’ + Ht = ios tas 

followed by reaction of the carbon atom of the carbonyl group in this complex kation with a 
solvent molecule (cf. Lowry and Smith, J., 1927, 2530). Thus, in a case of alcoholysis 


there might occur : 
OH c H 
aa Jom | 
R—C—O-R’ —> R ia Re — R—-C—O + O-R’ 


EtO—H EtO + Ht OEt 
The same conclusion as to the réle of proton as catalyst has also been reached independently 
by Berger and Olivier (Rec. trav. chim., 1927, 46, 861) from a prolonged study of the polar 
effects of substituents upon the rates of hydrolysis of esters, acid anhydrides, and acid 


chlorides. 
In order to test the detailed mechanism of esterification and hydrolysis suggested by 


Lowry, the decomposition of phenyl acetate by ethyl alcohol-water mixtures of known 
composition, containing hydrogen chloride, was studied. It was found by preliminary 
experiments that the reactions 

CH,*CO,Ph + EtOH —+> CH,CO,Et+ PhOH. ... . . (1) 
and CH,°CO,Ph + H,O —> CH,CO,H+ PhOH ..... . (2) 
proceeded simultaneously at comparable rates (k, and k,), which could easily be followed 


by measuring the rates of liberation of (a) phenol and (6) acetic acid, by means of titration 
with bromine and alkali respectively. Unfortunately, the alkali titration yields data 
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which are complicated by the fact that, consecutive with reactions (1) and (2), the inter- 
conversion (3) sets in : 


CH,‘CO,Et + H,O == CH»CO,H+ EtOH . . . . . . (3) 


Hence the rate of hydrolysis (kg) could only be estimated from titrations made at the initial 
stages of the decomposition of the phenyl acetate, or by extrapolation processes, and so may 
be subject to an error of up to 10% in the data recorded below. In contrast, the rate of 
liberation of phenol followed very closely the usual unimolecular equation in all experiments, 
the average deviation of any one observation from the mean being rarely more than 2% 
over the whole range from 10% to 90% conversion of phenyl acetate into other products. 
There was no evidence of any reverse reaction to either (1) or (2). 
The quantitative irreversible formation of phenol, and of no other aromatic product such 
as phenetole, provides the strongest support for Lapworth’s conclusions (J., 1912, 101, 
273; compare Ingold and Ingold, J., 1932, 756) that carboxylic esters undergo acid hydro- 
lysis and alcoholysis by the fission of an alkoxy-group (A) and not an alkyl group (B). 
R-CO—!—0:R’ (A.) R-CO:0—>—R’ (B.) 
aoe ae | H——OH 
Fic. 1. Fie. 2. 


Ld 


X——X-= for phenol liberation. 
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The decomposition of esters by acids in alcohol or water is therefore quite different from 
the reaction in glacial acetic acid solution (Tronov and Ssibgatullin, Ber., 1929, 62, 2850), 
in which phenyl acetate is not decomposed by an acid catalyst. 

Ethyl alcohol-water mixtures containing 50, 60, 70, 80, 90, and 95% of ethyl alcohol by 
weight were prepared and used as solvents. Hydrogen chloride was added in the form of 
the dried gas, and the rate of reaction was followed for each solvent, a series of acid con- 
centrations between 0-01 and 0:4N and at least two different temperatures being employed 
in each case. 

It was found that, in general, the rates of both reactions (1) and (2) were proportional 
to the concentrations of the acid catalyst. With the 95% alcohol, however, the rate 
increased with hydrogen chloride concentration in more than linear proportion, and a similar 
slight deviation from proportionality was found in all other solvent mixtures, decreasing 
in extent with increase in the water content of the solvent. Since one must regard the 
relationship between the rate of hydrolysis of an ester and the acidity of the solution as 
being, in full, represented by a catenary curve, this upward trend is not unexpected. The 
fact that it is the more pronounced in the alcohol mixture containing the least water indi- 
cates, however, that there is a decided change in the activity of.hydrogen ion in passing 
from water ‘to alcohol.as a solvent. 

The results of the reaction velocity measurements at 25° are shown in. Fig. 1, in which 
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(Rate of reaction) /(HC1 normality) is plotted against the molar composition of the solvent. 
It will be seen that the rate of liberation of phenol is practically unchanged in passing from 
the 50% to the 70% alcohol and increases at higher concentrations of alcohol, whilst the 
rate of liberation of acetic acid falls off progressively. 

By applying the Arrhenius equation k = A . e~/®? to all the experimental results it was 
‘found that : 

(i) The critical increment, E, for phenol liberation is constant at 16,320 + 200 cals. 
‘between 50% and 90% alcohol, though it seems to fall to about half in the 95% alcohol, for 
‘which, however, the rate of reaction is not proportional to the acidity. 

(ii) The critical increment, E’, for the acetic acid liberation is almost identical, being 
‘evaluated as 16,600 + 1000 cals. over the same range of solvents. The complications 
-arising from the occurrence of reaction (3) made it impossible to achieve greater accuracy. 

(iii) The variations of reaction velocity with solvent composition can practically all be 
‘expressed as changes in the reaction constant A. In particular, the constant for the 
acetic acid liberation decreases as the percentage of water is diminished in a manner closely 
‘corresponding to the decrease in the molar fraction of water in the solvent (Fig. 2). More- 
over, the ratio 

Rate of reaction of phenyl acetate withwater hk, 
Total rate of reaction of phenyl acetate =§ k, + hk, 





does not noticeably vary with temperature. 


TABLE I. 


HOAc liberation. 


Solvent, EtOH, : Ratio of rates 
A , Phenol liberation. A’ x 10" in aint 

as asmol.- , A . ee from 

wt. %. fractn. E,cals. A x10". E’, cals. fromE’. fromE. A’*/A. 


50 0°2787 16,320 5°25 16,800 , 2 0°70 
60 0°3689 16,360 5°02 16,300 , . 0°65 
70 0°4772 16,320 4°95 16,600 5 P 0°62 
30 0°6103 16,330 5°6 17,700 4 4 0°48 
90 0°7612 16,100 73 15,600 . 0°35 
95 0°8839 6,500 











Tr 





Before suggesting any theoretical implications of these results, it is necessary to point 
out that the accuracy of the figures given above varies greatly. The reaction velocity 
measurements for the phenol liberation have been evaluated with a computed error of the 
mean of less than 0-5%, but, in consequence of the deviation from linear relationship of the 
function k = k,[HCl], the values of ky used in calculating E and A may be 3% in error. 
For the liberation of acetic acid the error is about ten times as large, with corresponding 
errors in the values of A’ (for which the range of possibilities is given). 

The last column of Table I gives, to an accuracy of 5%, the mean value of the ratio 
between the rates of liberation of acetic acid and of phenol, calculated directly from the 
reaction velocity measurements at all temperatures, whilst the preceding column gives the 
same ratio calculated from the reaction constants A and A’. 

The general order of accuracy attained is admittedly low, but reference to the experi- 
mental section will show that the experimental measurements themselves are quite com- 
parable in accuracy with the great majority of those used previously for theoretical 
calculation by other workers in this field. 


DISCUSSION. 


Although the results reported in the previous section relate to only a small temperature 
range, they indicate without doubt that the functions of the ester and of the reacting solvent 
are quite separable. A very small change in the polar character of an acid molecule under- 
going esterification, or of an ester molecule undergoing hydrolysis, results in a relatively 
large change (ca. 2000 cals.) in the energy of activation of the chemical change (compare 
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inter alia Hinshelwood and Legard, J., 1935, 587), but, as shown by the present experiments, 
a change in the nature of the reacting alcohol molecule results, in an acid solution, in a 
change of E which, if not actually zero, must be less than the experimental error (ca. 300 
cals.) involved in the calculations made from the measurements of the rate of liberation of 
phenol (Table I, col. 3). This conclusion is supported, not merely by the approximate 
measurement of E’ for the acetic acid liberation, which is identical with E to well within the 
experimental error, but also by the evaluation of the ratio k,/(k, + ), 1.e., of the ratio 
between the rates of liberation of acetic acid and of phenol. This ratio has been calculated 
from the reaction velocity measurements to an accuracy of 5%, and does not appear to 
change with temperature over the range 20—40°. Since a difference of energy between 
E and E’ of 2000 cals. would produce about a 10% alteration in this ratio for a 10° change 
of temperature, one must again conclude that E and E’ cannot differ appreciably, and that 
the ratio found is probably that of the two reaction constants A and A’. 

Hence it is possible that the activated entities in the chemical changes (1) and (2) may 
be identical, not involving either the alcohol or the water molecules. This is acceptable 
in Lowry’s scheme for esterification, in which one assumes that there occur : 

(a) Reversible formation of an ester—proton complex 


R-CO-OR’ + H,O* = R:CO-O(H)-R’ + H,O 
(6) activation of this complex; followed by 


(c) collision with a normal solvent molecule, which may react either so as to produce a 
molecular interchange 


R’-O(H)-CO-R + EtOH —» Et-O(H)-CO-R + ROH 
or by anion donation, with simultaneous liberation of proton : 


R’—0—H R “On R’—O—H 


r aa yo —_—> 9 Pp 
H + H+ O 


The same conclusion may be expressed perhaps more concisely in the terminology of 
Hughes and Ingold (J., 1935, 244) by stating that ester hydrolysis or alcoholysis in acid 
solution appears to be unimolecular, belonging to the category Sx(1). 

Thus acid hydrolysis may be regarded asa nucleophilic reaction of the type R—X —_- 


R + X, in which R = CH,°CO and Klas O(H):Ph, the rate-determining stage (b) being the 


+ 
decomposition of the complex kation = CH,°CO-O(H):Ph. 

Other possible implications of this experimental work, however, are revealed by applying 
the kinetic theories of Moelwyn-Hughes (‘‘ Kinetics of Reactions in Solution,” Oxford 
Univ. Press, 1933; Phil. Mag., 1932, 14, 112) and evaluating the data of Table I, not in 
the form k = Ae*/*?, but in the form k = PZe*/"? in which Z is a collision frequency 
and E’ is the activation energy corrected by allowing for the change of viscosity of the solu- 
tion with temperature, as indicated by Jowett (Phil. Mag., 1929, 8, 1059). The experi- 
mental figures recalculated in this manner are given in Table II, in which n represents the 
viscosity at 25°.* 


TABLE II. 

EtOH, PZ x 1071}, PZ x 10%. 
wt. %. 10°». E, cals.f E’, cals. (Phenol liberation.) (Acid liberation.) 

50 23°6 5926 22,250 11°5 79 

60 22°3 5679 22,140 9-1 59 

70 20°2 5306 21,630 3°8 2°5 

80 17°4 4800 21,130 1-9 0-9 

90 14:2 4100 20,200 0°65 0-2 


* From the International Critical Tables. 
$ + Energy correction calculated from viscosities at 20° and 40°. 
T 
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Two alternative methods are available for calculating the collision number Z. 
(i) For the otal number of collisions between a solute molecule and solvent molecules, 
Moelwyn-Hughes (J., 1932, 96) deduced the formula 


Z = 8Nxno(M, + Ms)/M,Mg = 5-1 x 10%y0(M, + Mg)/M\M5 


where M, and M, = molecular weight of the solute and the solvent molecules respectively, 
and o= diameter of the solute = 1:33 x 10°°(V,,)"* (Moelwyn-Hughes’s alternative 
formula does not take into account the molecular dimensions of the solvent molecules). 

(ii) For an aqueous solution in which all the hydrogen ions are assumed to be present as 
H,O*, the formula Z’ = 3xNon/2M,[H,O}], in which [H,O] is the number of g.-mols. of 
water per litre, gives the number of collisions between ester molecules and H,O* kations 
(Moelwyn-Hughes, Phil. Mag., loc. cit.). 

The equations of (i) and (ii) above may be adapted to the case of the alcohol—water 
mixtures by substituting for M, the mean molecular weight of the mixture, and for [H,O] 
the number of solvent molecules present per litre of pure solvent [S]. 

We then find the theoretical figures given in Table III. Both Z and Z’ are nearly 


TABLE III. 
EtOH, wt. %. Msg. [S]. Zotar X 107%. 2’ with ut X 10°. 
50 26°32 34°57 . 9°6 
60 28°38 31°36 y 10°0 
70 31°36 27°53 . 10°3 
80 35°09 23°92 : 10°2 
90 39°82 20°43 . 9°7 


constant, whereas PZ (Table IT) decreases progressively as the alcohol content of the solvent 
rises. 

Values of P have been calculated from Tables II and III by using Z;,:.; for each 
solvent, and are given in Table IV. Since any theoretical errors in the computation of Z 


TABLE IV. 


EtOH, wt. % 
P xX 10° (phenol liberation) 
P x 10 (acetic acid liberation) 


by this method will be practically identical for all the solvent mixtures, one would be forced 
to conclude that, as the alcohol content of the solvent increases, a progressively smaller 
fraction of the activated collisions between ester and solvent molecules results in chemical 
change. , 

If the mechanism of ester hydrolysis is treated from the theoretical viewpoint of Moel- 
wyn-Hughes, according to which reaction occurs on activated collision between molecules 
of ester and of proton-solvent complexes (i.¢., between Ac-OPh and EtOH,*), then, since Z’ 
of Table III should give the frequency of this type of collision, one would have to conclude 
that the percentage of suitably oriented solvent-proton complexes falls as the alcohol 
content of the solution increases, being 100% in the case of 50% alcohol, and 10% in the 
case of 90% alcohol. This change, however, cannot be accomplished by any shift of the 
equilibrium H,O* + EtOH = H,O + EtOH,’, since this would alter the ratios of rates of 
formation of acetic acid and phenol in a way not corresponding to that found. The change 
of ratio is, it must be stressed, quite close to that of the molar composition of the mixed 
solvent (Fig. 2). . 

On the other hand, if changes in P are considered from Lowry’s theory, according to 
which k, = k/{HCI] (as used in all the above calculations) measures the rate at which, in 
N-acid the activated complex (Ester, H*) collides with a normal solvent molecule, then P 
becomes a measure of the basicity of the ester relative to that of the solvent. 

Since Ester + H,O* == (Ester,H*)-+H,O, we have  ([Ester,H*]/[Ester] = 
C[H,O*]/[H,O]; hence, as P is calculated from the reaction velocity in N-acid, P = 





the Hydrolysis and Alcoholysis of Phenyl Acetate. 1019 


C/({S] — 1), where [S) has values as in Table III. The values thus calculated for the 
equilibrium constant C are : 
50 60 70 80 90 
0°106 0:086 0°039 0:020 0:007 
indicating that the order of affinity for proton is HOEt>HOH> ROAcyl>(HOAcyl)— 
exactly ' what one would anticipate from inspection of the polar effects that must be operating 
in oxonium kation formation. 

It is of theoretical significance that the particular conclusions reached by the above 
analysis, and given in Tables II—IV, all result from the introduction of the viscosity of the 
solvent, and its change with temperature. The viscosity correction of the E term, in fact, 
converts steady values of both E and A (= PZ) into progressively, changing ones. 

The experimental determinations of A need not, however, be interpreted solely by the 
one theoretical concept that has been employed by Moelwyn-Hughes. In contrast, Bradley 
(J., 1934, 1910), with others, has pointed out that it is not necessary to believe that viscosity 
enters explicitly into the theory, since “‘ it would seem incorrect to apply the diffusion 
theory of colloidal particles, in so far as it embodies Stokes’s law, to molecular diffusion.” 
An entirely different approach to the calculation of theoretical rates of reaction in solutions 
is possible. The alternative formula proposed by Bradley for a unimolecular reaction, 
viz., k = (v/a)(n)*(E/RT)e*/27, where v? is the mean square velocity and a the mean 
double amplitude of oscillation of a molecule, is one in which the collision frequency is 
independent of the viscosity, and varies much more slightly with temperature than it 
does in Moelwyn-Hughes’s formula. It would therefore lead to an entirely different inter- 
pretation of the experimental figures given in Table I. In particular, the correction to be 
applied to E (t.e., RT) is the same constant for each solvent mixture (890 cals. at 25°), 
with the result that the calculated PZ term would have a much more steady value, and, 
consequently, the deductions made above upon the hypothesis of a varying P factor would 
no longer be valid. Unfortunately, the selection of the term a is in any case somewhat 
arbitrary, and hence any attempt to compute its magnitude in a complicated mixed solvent 
would be very speculative. 

Although the author, therefore, does not wish to attach any vital significance to measure- 
ments of the “ collision rate ” and of the “ probability factor ” for the unimolecular reaction 
which he has studied, he considers that his experimental results have served to emphasise 
the contrasting features of the theories of Bradley and of Moelwyn-Hughes. 

The general conclusion, that ester hydrolysis in acid solution is a unimolecular reaction 
occurring between activated ester-proton complexes and normal solvent molecules, is 
based upon energy considerations, and is not dependent upon any abstruse physical con- 
cepts. The conclusion, however, cannot be considered other than as provisional, since the 
reactions of several esters in a wide range of solvent mixtures need to be studied before the 
speculations can be adequately confirmed or disproved. 


EXPERIMENTAL. 


Materials.—The phenyl acetate was purified by shaking for some time with iodine in presence 
of sodium bicarbonate, and, after removal of the excess iodine with sodium thiosulphate, was 
dried and fractionally distilled three times in a vacuum, large head and tail fractions being 
rejected. 

The alcohol was boiled with silver nitrate and a large excess of caustic.potash, in order to 
remove aldehydes, carefully fractionated through a 3’ column, and diluted with freshly distilled 
conductivity water until of the correct density for the required solvent mixture. All densities 
were measured at 20° by means of a Westphal balance, and the resulting error in the composition 
of the solvent was not more than 0-05%. 

Analytical Procedure.—10 C.c. portions of the reacting solutions were removed in standard 
pipettes, kept at the temperature of the thermostat, and added to an equal volume of cold 
alcohol. For estimation of the acetic acid, sodium hydroxide (0-02—0-05N) and phenolphthalein 
were employed. 

For estimation of the phenol, the portions were treated with a known volume of a standard 
(ca. N/3) solution of bromine in acetic acid containing an excess of sodium acetate, stoppered, 
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shaken, and after 4 minute treated with an excess of a potassium iodide solution. The liberated 
iodine was titrated by thiosulphate, with starch, a few c.c. of chloroform being added when 
necessary in order to dissolve any tribromophenol. Preliminary tests of this procedure showed 
that phenyl acetate reacted at a negligible rate with bromine solutions if buffered to py 3 or more 
(compare Gibby and Waters, J., 1932, 2643), whereas phenol instantly gave tribromophenol. 
By using sodium acetate as a buffer salt, the continued decomposition of the phenyl acetate was 
instantly checked and constant phenol titres were obtained. Tests with pure phenol showed 
that the reaction was quantitative, and that, during the time occupied in a titration, the alcohol 
used as solvent had no appreciable reaction with bromine. A typical bromine reagent contained 
10 c.c. of bromine, 100 c.c. of glacial acetic acid, and 50 g. of sodium acetate per litre; it was 
prepared at least a day before use, and was restandardised every few hours. 

Preparation of Reaction Mixtures.—Phenyl acetate was weighed into a standard flask, dis- 
solved in the required solvent, and diluted to the required volume whilst immersed in the thermo- 
stat. Another portion of the solvent was treated with dry hydrogen chloride, prepared from 
A.R. reagents, and also brought to the reaction temperature. Known volumes of both solutions, 
together with more solvent if required, were then pipetted into dry flasks having standard 
ground-glass stoppers: N.P.L. standard flasks and pipettes were used throughout. Various 
ester concentrations between 0-1 and 0-2N were employed, and the acid concentrations were 
chosen so that even with the most rapid reactions a series of titrations could be made at half- 
hour intervals. To minimise unconscious prediction of titre results, no attempt was made to 
adjust the concentrations of any solutions to predetermined values. It was found that the 
values obtained for (Rate of reaction) /(HCl normality) were not noticeably influenced by the 
initial concentration of the ester. 

Calculation of Results —All reaction velocities were calculated as g.-mol./l./second. The 
usual unimolecular equation was used for the phenol liberation. For the liberation of acetic 
acid, no unimolecular constant can be calculated (see p. 1015). Following the procedure of 
Dawson and Lowson (J., 1927, 2107; 1928, 2146), however, an approximate constant k, = 
y/t(a — x) (where y = acid liberated and x = phenol liberated) can be calculated from the initial 
readings. In alcohol-water mixtures of 60—80% EtOH content, this equation gave fairly 
steady values until *> 0-342. Approximations were made in other cases by graphical extra- 
polation of observations. 

The following data, obtained in a typical experiment, illustrate the procedure. 


Experiment No. 54. 70%, EtOH by weight. Temp. = 35°. 
Initial concns. : ester = 0°1815N; HCl = 0°1186N. 
PhOH HOAc PhOH HOAc 
Time, liberated, liberated, k& x 105 Time, liberated, liberated, k x 105 
mins. 4 (mols.). y (mols.). (phenol). k, x 10°. mins. ~¥# {mols.). y (mols.). (phenol). k, x 10°. 
175 0°0261 0-0160 1°48 , 360 0°0493 0°0275 1°47 
210 0°0308 0°0187 1°48 P 420 0°0560 0°0312 1°47 
240 0°0351 0°0202 1-49 ; 480 0°0620 0°0351 1°46 
270 0°0386 0°0219 1°48 , 500 0°0644 0°0348 1°46 
300 0°0418 0°0236 1°48 ° 520 0°0644 0°0348 1°45 
330 0°0458 0°0260 1°47 9°7 535 0°0683 0°0365 1-48 


k x 108 = 1470 + 0°01 (12 values); &, = 9°8 x 10°. 


Summarised Experimental Results. 
A. Liberation of phenol. 
I. 50% EtOH by weight. Mol.-fraction of EtOH = 0-2787. 


(a) Temp. = 20°. 
Expt. HCl, ; No. of Expt. HCl, No. of 
No. N. kX 10%. values. 105%/(HCI). No. N. kx 10%. values. 105/[HCI]. 
23 00234 0°786 4 3°34 + 0°8 25 0°219 8°23 10 3°76 + 0°04 
21 0°0372 = 1°27 10 3°43 8=60°02 24 0°284 10°54 11 3°72 0°03 
22 0°0747 2°52 10 339 «= 001 26 0419 16°65 8 3°98 0°02 
Weighted mean: k/[HCl] = 3°645 x 10-5 (49 values). 
(b) Temp. = 25°. 
30 0°0129 7°32 14 5°68 + 0°04 32 0°387 23°5 13 6°08 + 0°03 
31 0°258 14°7 9 5-70 §=60°01 
Weighted mean : k/[HCl] = 5829 x 10-5 (36 values). 
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(c) Temp. = 30°. 
Expt. HCl, No. of Expt. HCl, No. of 
No. N. k x 10%. values. 105/[HCI]. No. N. kx 10*. values. 105k/[HC). 
38 0°148 11°7 10 7°89 + 0°05 39 0°296 14:97 10 8°45 + 0°10 
Weighted mean: k/[HCI] = 8°17 x 10-5. 
(d) Temp. = 35°. 
0°0717 “92 15 12°44 + 0°03 61 0°157 18°6 11°87 + 0°03 
0:0784 “44 14 12°03 0°02 65 0°175 20:9 11:93 0°09 
071434 17: 12 11°98 0-06 62 0-235 27-5 11-7 
Weighted mean : k/[HCI] = 12-02 x 10-* (78 values). 
Temp. = 40°. 
0 0145 3-1 13. 216 + 0-10 75 0-2861 64-2 22°13 + 0:07 
0°0218 4°5 13. 21:07) = 005 76 0°429 99°8 23°24 0:03 
07143 311 16 22°26 80°05 
Weighted mean : k/[HCI] = 21-78 x 10-° (51 values). 


II. 60% EtOH by weight. Mol.-fraction of ELCOH = 0-3689. 


Temp. = 25°. 
35 0°133 7°22 12 5°42 + 0°05 33 0°320 182 5°69 + 0°03 
34 0°267 13:1 10 5°66 0°03 

Weighted mean : &/[HCI] = 5°583 x 10-® (34 values). 
Temp. = 40°. 
77 0°0628 12°98 1l 20°66 + 0°04 79 0°154 32°4 21-08 + 0°08 
78 01356 26°4 ll 21:06 0°06 

Weighted mean : k/[HCl] = 20°94 x 10-5 (35 values). 


III. 70% EtOH by weight. Mol.-fraction of ELCOH = 0-4772. 


Temp. = 20°. 

14 070319 = 1°12 13 3°53 + 0°01 15 0°366 13°5 3°69 + 0°01 
10 00870 3°09 5 3°55 11 0°529 20°4 3°87 0°02 
0°173 5°91 % 3°41 13 0°639 27-0 4°23 
12 0°265 9°95 10 3°75 0°07 16 1°225 52°5 4:29 0°02 

Weighted mean: #/[HCl] = 3-689 x 10-® (50 values). 
== 25°. 
0°0445 2°32 5 . 28 0°275 16-05 
00808 4°58 7 . , 18 0°2975 16°44 
071375 7°44 12 . . 29 0°550 36°4 
0°149 8°18 9 

Weighted mean : k/[HCI] = 5°534 x 10° (51 values). 
= 30°. 
0°0130 1°10 11 8°47 + 0°01 45 0°265 24°5 
0°0392 3°30 ll 841 0°03 43 0°397 35°4 
01986 17:2 9 865 015 

Weighted mean : k/[HCl] = 8°481 x 10-5 (42 values). 
== 35°. 
0°0756 9-08 15 12°0 + 0°02 59 01513 180 
071134 §=13°5 15 119 0°03 55 0°2373 30°0 
O°1186 =14°7 11 12-4 0:02 56 0°356 46°4 

Weighted mean : &/[HCI] = 12°25 x 10-5 (79 values). 
= 40°. 
0°0364 7°63(—) 7 20°9 68 071093 = 223 
0°0729 15:0 14 20°6 + 0°06 70 01681 36:2 
00841 17:8 12 211 0:09 71 0°2103 45:2 

Weighted mean : k/[HCI] = 21-03 x 10-5 (62 values). 


IV. 80% EtOH by weight. Mol.-fraction of ELOH = 0-6103. 


(a) Temp. = 25°. 
86 0°0677 4:06 12 5°99 + 0°01 84 0°1806 11-2 13 6°22 + 0°01 
83 0°0903 5°45 14 6°04 O01 88 0°2030 12°9 11 6°35 0°02 
87 0°1354 8°40 11 619 O01 85 0°2710 18-0 12 663 0-01 


Weighted mean : k/[HCl] = 6°190 x 10-5 (73 values); by zero extrapolation, 6°074 x 10-5. 
























V. 90% EtOH by weight. 
(a) Temp. = 25°. 







Weighted mean : 






(b) Temp. = 35°. 







Weighted mean : k/[HCI] = 19°03 x 10-5 (60 values) ; 








VI. 95% EtOH by weight. 
(a) Temp. = 24°35°. 






















Weighted mean: k/[HCI] = 15°70 x 10-5 (57 values); by zero extrapolation, 14°65 x 10-*. 


k/{HCI] = 8:155 x 10-5 (83 values) ; 
graphical zero, 7:26 x 10-5. 


graphical zero, 17°5 x 10°5. 
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(b) Temp. = 35°. 
Expt. HCl, No. of Expt. HCl, No. of 
No. N. k x 10%. values. 105k/[HC1). No. N. k x 10%, values. 105%/[HCI}. 
80 01201 18-2 ll 1514001 0:2402 393 12 163 + 0-06 
89 01547 23-4 10 1510-03 90 02707 43°7 12 162 0-02 
81 01802 281 12 156 0-06 


Mol.-fraction of ECOH = 0-7612. 


94 0°0431 3°27 13 7°58 + 0°04 92 0°1103 8°92 12 8°09 + 0°61 
91 0°0551 4°38 13 7°94 0°02 93 071654 13°9 16 843 0°02 
95 0°0861 6°58 13 7°64 0°04 96 0°2585 389.232 16 8:99 0-04 


lowest values, 7°610 x 10-5 (39 values) ; 


99 0°0198 3°64 10 = 18°41 + 0°02 97 0°0660 13°1 12 19°79 + 0°08 
100 0°0395 7°15 12 1809 0:03 98 01322 8 26°7 12 20°21 0:08 
101 0°0593 =11°0 14 1861 0°05 


lowest values, 18°37 x 10-5 (36 values). 


Mol.-fraction of ECOH = 0-8839. 


8 000748 1°39 7 18°6 + 0°3 5 0°2618 60°5 14 23°1 + 0-4 
4 0°1353 =—-.27°6 18 204 03 6 03926 =6110°9 13 282 06 
Zero extrapolation : k/[HCI] = 18°30 x 10°. 
(b) Temp. = 35°. 
102 0°0323 8°41 14 26°0 103 0°0646 18°6 16 28°8 
- 106 00266 727 13 273 107 00797: = -228 16 .28°6 
106 0°0531 14°8 12 26°7 104 0°0968 18°5 13 29°4 
Zero extrapolation : k/[HCl] = 25°8 x 10-5. 
B. Liberation of acetic acid. 
(Figures in parentheses are obtained by graphical extrapolation.) 
I. 50% EtOH by weight. Mol.-fraction of ELOH = 0-2787. 
(a) Temp. = 25°. 
Expt. HCl, Expt. HCl, 
No. N. ky X 108. ka/k. 105k,/[HCI). No. N. ky X 108. ka/k. 105k,/(HCI). 
30 =: 01289 5:1 0°69 3°9 31 0°2578 10°9 0°74 4°25 
(6) Temp. = 35°. 
63 00717 7°15 (6°7) 0°80 (0°75) 9°97 64 0°1434 14°9 0°86 (0°72) 10°4 
60 0°0784 7°66 0°77 (0°69) 9°77 
(c) Temp. = 40°. 
71 0°00727 1:14 0°67 15°7 74 01431 22°6 0°73 15°8 
72 00145 2°31 (2°25) 0-74 (0°68) 165-9 75 02861 486 0°76(0°60) 15°8 
73 O°0218 3°44 15°8 
oD = 0°724 (mean of 10 best values). 
II. 60% EtOH by weight. Mol.-fraction of ELCOH = 0-3689. 
(a) Temp. = 25°. 
35 0°1332 4°85 0°67 (0°65) A 65 33 =. 03199 11°3 0°62 3°52 
34 8 0°2665 9°75 0°65 3°66 
(6) Temp. = 40°. 
77 0°0628 8-67 (8°28) s 4 (0°63) 13°8 79 0°1535 20°8 0°64 13°5 
78 0°1256 17:2 13°6 
Racia/Rpnenot = 0°65. 
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III. 70% EtOH by weight. Mol.-fraction of ELOH = 0-4772. 
(a Temp. = 25°. 





































6 Expt. HCl, Expt. HCl, 
: No. N. h,X10%  ky/k. 105R,/[HCI]. No. N.  hyX10%. klk. 10%R,/[HCI]. 
27 0°1375 4°51 0°61 3°3 28 0°2751 = 11:1 (7°5) 0°69 4:0 
(b) Temp. = 30°. 
44 0°1986 10°2 0°59 51 43 0°3972 22 0°61 55 
45 0°2648 14°2 0°58 5°3 
(c) Temp. = 35°. 
57 0°0756 6°3 (5°2) 0°69 (0°57) 8°34 55 0°2373 18°6 (18°2) 0°62 (0°61) 7°84 
l 54 O-1186 9:8(89) 0°66 (0-61) 8°25 56 0°3559 19-6 (28-0) 0°64 (0°60) 8°32 
1 (d) Temp. = 40°. 
66 0°0366 4°65 0°61 12°77 69 0°0841 10:7 (9°9) 0°60 12°77 
67 0°0729 9°25 (9°16) 0°61 12°66 70 01680 21°6 0°60 12°86 
Racia/Rphenci = 0°603 (mean of 11 best values). 
8 
3 IV. 80% EtOH by weight. Mol.-fraction of EtOH = 0-6103. 
(a) Temp. = 25°. 
86 0°0677 1-96 0°48 2°89 84 01806 5°58 0°50 3°09 
83 0:0903 2°68 0°49 2°97 88 0°2030 5°98 0°46 2°94 
87 0°1354 3°96 0°47 2°93 
(b) Temp. = 35°. 
80 0°1201 9°9 (9°8) 0°54 8°30 82 0°2402 19°8 0°60 8°25 
89 0°1547 11°3 0°48 7°33 90 0°2702 21 0°48 7°72 
81 0°1802 14:2 0°50 7:90 
Racta/Rphenot = 0°484 (mean of 9 values). 
V. 90% EtOH by weight. Mol.-fraction of EtOH = 0-7612. 
(a) Temp. = 25°. 
94 0°0431 1°23 (1°31) 0°38 (0°40) 2°86 92 0°1103 3°37 0-38 ° 3°05 
91 0°551 1°57 0°36 2°85 93 071654 4°93 (5°01) 0°35 (0°36) 2-98 
95  0-0862 2-18 (2:26) 0°33 (0°34) 2°52 
(6) Temp. = 35°. 
99 0O-0198 1°34 0°37 6°76 97 0°0661 4°91 0°38 7°44 
100 = 0°0395 2°41 (2°46) 0°34 6°11 98 01322 9°23 0°35 6°98 


101 0°0593 3°59 0°33 6°06 
Racia/Rpnenct = 0°357 (mean of 10 values). 


Measurement of the rate of liberation of acid in 95% EtOH was impracticable; from the 
initial titre the ratio k,/k may be about 0-25—0-3, but it falls rapidly, even when less than 0-1 
of the phenyl acetate has been attacked. 


UNIVERSITY SCIENCE LABORATORIES, DURHAM. [Received, May 5th, 1936.] 





225. The Ionisation of Amines in Alcohol: a Possible Slow Reaction. 
By ALEXANDER G. OGSTON. 


THE intention of the present work was to make a quantitative investigation of the slow 
increase of electrical conductivity found by Jones and Hughes (J., 1934, 1197) to follow 
dilution of stock solutions of ammonia in methyl and ethyl alcohols. Concentrated 
solutions of ammonia in benzene were added to methyl alcohol; the bases diethylamine, 
isobutylamine, benzylamine, and piperidine were added in liquid form to ethyl alcohol. 
The solvent alcohol was contained in a conductivity cell, and the change of conductivity 
of the solution with time was followed after mixing was complete, the first reading being 
made about 90 seconds after the addition. 

The qualitative observations of Jones and Hughes were confirmed in every case; a 
slow increase in conductivity was observed which was virtually complete after 10 minutes 
in methyl alcohol and after 40 minutes in ethyl alcohol. After the first 2 minutes, the 
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reaction followed a first-order course, but during that time a more rapid change occurred 
accounting for about % of the total change observed in the reaction. Continuous stirring 
was essential to the smooth course of the reaction, and the reproducibility of the curves 
and of dissociation constants was not good. The fact that this effect was not reduced 
noticeably by using a cell having unplatinised plates removes the possibility of much 
heterogeneous reaction on the plates. The reproducibility of the curves was improved, 
and the effect of stirring decreased, by coating the walls of the cell with highly purified 
paraffin wax. 

Another cause of uncertainty lay in the small concentration (ca. 10M) of carbon 
dioxide present in the best alcohol that could be prepared: an excess of a strong base 
(potassium methoxide or ethoxide) was always added to the alcohol to convert this into 
methyl or ethyl carbonate, but the difficulty in estimating the carbon dioxide accurately 
leads to error in the excess of strong base ion initially present. In the later experiments, 
the carbon dioxide was assumed to have such a concentration as would give a consistent 
dissociation constant for the amine estimated from two parallel runs in the same batch of 
solvent. 

Jones and Hughes ascribed these changes to slow ionisation processes. In view of the 
relative constancy of velocity constants in waxed cells (see table, in which K is the 
dissociation constant of the base and & is the velocity constant) with four different amines, 
and of the great precautions taken to exclude impurities (such as carbon dioxide from the 
air) it seems difficult to resist this conclusion. The facts that the changes involve an 
increase of conductivity, and that Jones and Hughes found that the reaction H,O + OR’ 
—» OH’ + ROH led to a decrease of conductivity, being borne in mind, two possibilities 
present themselves. (i) The primary ionisation of the amine involves the residual water 
present in the alcohol (to about 103M), followed by the slow reaction OH’ + ROH —> 
H,O + OR’. This would account for both the fast and the slow stage: the magnitude of 
the slow change seems rather large to be explained thus. (ii) The slow stage is a genuine 
slow ionisation of the amine which, if the non-existence of compounds of the type 
R-NH,’OH is assumed, might be due to one of three processes : 

(1) B + EtOH —~+> BH’ + OEt’. 

(2) 2EtOH SS", EtO’ + EtOH,’; EtOH,’ + B = EtOH + BH’. 

(3) As (2), but with the first stage fast and the second slow. 

The velocity constants for these processes are given in the table. Their uniformity for 
process (3) suggests the controlling stage to be the ionisation of the alcohol. Calculation 
on this assumption of the rate of the reverse reaction RO’ + ROH, —~> 2ROH gives 
1-1 x 10" and 0-7 x 10" for ethyl and methyl alcohol respectively : the closeness of these 
values to each other and to the collision number (ca. 10") gives further support to 
mechanism (3); but no explanation of the initial fast reaction can be given on this basis. 

It seems, however, that this is likely to be a case of an ionic reaction occurring with 
measurable velocity, of interest in view of modern theories of acid and basic catalysis. 


k (g.-mols. /1./min.). 





Concn. of P >. 
Base. Cell. base x 10°. K x10’. (1) x 10°. (2). (3) x 10°. 
Diethylamine Glass 3°22 2°21 0°037 44 
- 5°34 10°1 0°078 
Waxed ° 5°10 . 0-051 
11°24 0-016 
' 0-062 
0°055 
0-048 
0-030 
0°030 
0°023 
0°051 
0-028 
0-159 
0°085 
0-058 
0-012 
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EXPERIMENTAL. 


Reactions were carried out in a 20 c.c. cell of the type described by Hartley and Barrett 
(J., 1913, 108, 786). Resistances were measured by means of a drum bridge, current being 
supplied by a valve oscillator. Measurements were made at 25° + 0-01°. Solvent alcohol 
was made up in batches, an excess of potassium ethoxide added from a weight pipette, and the 
carbon dioxide in the solvent estimated as described by Jones and Hughes. Liquid bases 
were added from a capillary micropipette calibrated directly by titration. The mobilities of 
base kations were determined approximately from the conductivity of their hydrochlorides at 
an ionic concentration of 2 x 10*N: account was taken of alcoholysis. 

The concentration of the amines ranged from 10-* to 10-?N, and the excess of ethoxide ion 
was about 2 x 10-*N. 

Materials.—Diethylamine was from Kahlbaum. isoButylamine, benzylamine, and piper- 
idine were A.R. products (B.D.H.) redistilled. Ethyl alcohol was prepared by the method of 
Woolcock and Hartley (Phil. Mag., 1928, 5, 1134). Paraffin wax was purified by successive 
boiling with acid, alkali, distilled water, conductivity water, and conductivity alcohol; it 
appeared to be free from any soluble electrolyte. 


The author wishes to thank Mr. R. P. Bell for advice. 


PuysIcaL CHEMICAL LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, March 10th, 1936.] 





226. The Lupin Alkaloids. Part X. The Synthesis of 
dl-Oxysparteine. 
By G. R. CLEmo, W. McG. Morcan, and R. RAPER. 


In Part VII (J., 1933, 644) we suggested arguments based on degradation evidence for 
formula (I) for oxysparteine,* which differed from the skeleton (II) favoured by Ing for 


sCH, 1CH 
x ae 
sCH, *CH sCH, wCH, C 
| 1 n | mm mm | 
sCH, Ni °CH wN N 
Ng Neos Oy Nig aad 
CH, tO Xf 6sCH, cht CMe 
IV | ll 
2CH, “CH, CH,—CH, 


4 
anagyrine in having ring IV six-membered. Since that time we have been engaged on 
synthetic work with the object of differentiating between these alternatives, and have 
recently succeeded in synthesising the structure (1). 

One of our first schemes for accomplishing this was to bring about a Claisen condensation 
between two molecules of methyl pyridyl-2-acetate, followed by ketone hydrolysis, yielding 
(III). This was then to be submitted to catalytic reduction, and we hoped, by condensing 


H H,°CO,H 
Wi 3 N~\ 2 2 
(Y¥bo VS av, 


WN bg /\Z N-CO,Et 


the product with two molecules of formaldehyde, to obtain 8-ketosparteine, from which, 
by reduction, d/-sparteine (deoxylupanine; Part I, J., 1928, 1811) would be formed. It 
was, however, impossible to bring about the Claisen condensation satisfactorily, repeated 


(III.) 


* In our original paper the carbonyl group of oxysparteine was placed at C,,. This is equivalent 
to the position C,,; this latter makes the numbering of the synthetic intermediates more straightforward. 
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attempts under widely varying conditions giving either no reaction or complex solid 
products of m. p. 177° or 295°. The same results were obtained with the ethyl ester. 
It was next attempted, but again without success, to bring about a Claisen condensation 
between two molecules of methyl piperidyl-2-acetate, and its 1-benzoyl derivative, and 
between two molecules of the 1-carbethoxy-derivative of the ethyl ester. In the first two 
cases no reaction took place, and in the last we obtained a solid which analysis indicates to 
be 1-carbethoxypiperidyl-2-acetic acid (IV) (compare Schotten, Ber., 1882, 15, 425; 1883, 
Distillation of the barium salt of pyridyl-2-acetic acid gave only 2-picoline, and the 
corresponding hexahydro-derivative gave a mixture of indefinite boiling point from which 
no recognisable product has been isolated. 

As none of these methods seemed likely to lead to the accomplishment of our object, 
we have not yet fully examined the products. 

Finally, taking advantage of the fact that the methylene group of ethyl pyridyl-2- 
acetate has many of the properties of that of a 1 : 3-diketone, we condensed this ester with 
ethyl orthoformate in the presence of acetic anhydride; 1-carbethoxy-4-keto-3-(2'-pyridyl)- 


one 2Et wn Nee t ~~ CH:-CO,Et 
N“\ HWY 
(iY GH or 


WA, aon? \ae aa’, 
é 


(V.) + vt ) (VII.) 


pyridocoline (V) was obtained as a yellow crystalline compound whose solutions exhibit 
an intense green fluorescence. This substance was doubtless formed by ring closure of 
the tautomeric form of the bis-methenyl compound (VI) (compare Claisen, Annalen, 1897, 
297, 16). The electrolytic reduction of the carbonyl group 4 of (V) was then unsuccess- 
fully attempted in the hope of obtaining d/-oxysparteine (zsolupanine; Part I, Joc. cit) by 
amide formation between the carbethoxy-group 17 and the secondary nitrogen atom 16 
of the fully reduced derivative. Finally (V) was reduced catalytically, giving 1-carbethoxy- 
4-keto-3-(2'-piperidyl)octahydropyridocoline (VII). By submitting this to the Bouveault 
reduction the corresponding 1-carbinol (VIII) was obtained, which, with phosphorus 
pentabromide, gave 1-bromomethyl-4-keto-3-(2'-piperidyl)octahydropyridocoline (1X). 

Unfortunately we have not been able to obtain (VII), (VIII), or (IX) ina state of purity. 
They are thick oils, and on distillation, even in a high vacuum, partial ring closure appears 
to take place between positions 16 and 17, yielding inseparable mixtures which give 
indefinite analyses and from which we have not yet been able to obtain pure crystalline 
derivatives. If, however, the crude substance (IX) is heated in a sealed tube with 
anhydrous potassium carbonate, dl-oxysparteine (I) is obtained, identical with that 
obtained by the alkaline ferricyanide oxidation of di-sparteine. The synthetic base, its 
hydriodide and monomethiodide, and those obtained from natural sources, give no 
depression in mixed melting point tests, and a crystallographic examination carried out for 
us by Mr. S. Tomkeieff revealed no essential differences. 

The identity of the synthetic product with that obtained from the alkaloid establishes 
the ring structure (I) as fundamental for the C,, lupin alkaloids, and also for anagyrine and 
aphyllin. This nucleus can occur in many other stereoisomeric forms, which probably 
occur in matrin and the alkaloids of Sophora tomentosa, S. lanceolata, and S. alopecurotdes. 

This work is being actively followed up, with the intentinn of obtaining the optically 
active forms of the alkaloids themselves. 


EXPERIMENTAL. 


Attempted Claisen Condensation of Methyl Pyridyl-2-acetate—Methyl pyridyl-2-acetate 
(6-5 g.) was added to sodium methoxide (from 0-5 g. of sodium) in benzene (20 c.c.), the whole 
refluxed for 4 hours, the solvent removed, ice-water added, and the solution acidified (acetic 
acid), then basified (sodium bicarbonate), and ether-extracted (*). On distillation, unchanged 
ester (2 g., b. p. 136°/25 mm.—identified as picrate) passed over, leaving a dark brown residue 
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which solidified, and formed yellow rectangular prisms (0-7 g., m. p. 177°) from methyl alcohol 
[Found : C, 69-6, 69-1; H, 4-95, 4-8; N, 9-7, 10-0; M (Rast), 266, 273, 271). This solid (0-45 g.) 
in glacial acetic acid (6 c.c.) was shaken with platinum oxide (0-05 g.) for 21 hours in hydrogen at 
100 lb./in.*., On working up, a colourless solid (0-2 g., m. p. 129°) was obtained (Found : 
C, 69-5, 70-0; H, 5-6, 5-95%). The solid, m. p. 177°, was unchanged on prolonged heating with 
concentrated. hydrochloric acid. The aqueous layer from the ethereal extract (*), diluted and 
filtered, gave a smail amount of yellow solid which, recrystallised from benzene, formed pale 
yellow needles, m. p. 295° (Found: C, 71-4; H, 49%). Under various conditions, different 
proportions of these solids were obtained. 

Ethyl 1-Carbethoxypiperidyl-2-acetate.—Ethyl piperidyl-2-acetate (J., 1935, 1744) (4 g.), 
ethyl chloroformate (2-5 g.), and anhydrous sodium carbonate (excess) were left for 18 hours in 
ether (80 c.c.); the filtered solution, on fractionation, gave ethyl 1-carbethoxypiperidyl-2-acetate 
(5g.), b. p. 148—150°/9 mm. (Found: C, 59-3; H, 8-6. C,,H,,O,N requires C, 59-6; H, 8-6%). 

1-Carbethoxypiperidyl-2-acetic Acid.—The above ester (2 g.) in benzene (2 c.c.) was added to 
sodium ethoxide (from sodium, 0-1 g.) in benzene (5 c.c.), and refluxed for 6 hours. The benzene 
was removed, water (2 c.c.) and concentrated hydrochloric acid (10 c.c.) added, and the whole 
heated for 12 hours on the water-bath. After evaporation to dryness, excess of potassium 
carbonate solution was added and the brown oil which was thrown out was separated, taken up 
in water, and acidified with hydrochloric acid. Ether-extraction gave an oil (0-17 g.), b. p. 
165—170°/1 mm., which crystallised on standing, and gave colourless crystals, m. p. 65°, from 
light petroleum (b. p. 40—60°) (Found: C, 55:6; H, 7-9. C,)H,,O,N requires C, 55:8; 
H, 7-9%). 

1-Carbethoxy-4-keto-3-(2'-pyridyl)pyridocoline (V).—Ethyl pyridyl-2-acetate (16 g.), ethyl 
orthoformate (15 g.), and acetic anhydride (19 c.c.) were refluxed for 2 hours, and the bulk of 
the acetic anhydride removed on the water-bath in a vacuum. The residue was distilled in a 
vacuum, giving 3-2 g. up to 140°/1 mm., 5-7 g. at about 160°/1 mm., and 10 g., b. p. 250—255°/ 
Imm. The last fraction rapidly solidified, and gave yellow prisms, m. p. 126°, from light petroleum 
(b. p. 80—100°) (Found: C, 69-5, 69-7; H, 4:7, 4:5; N, 9-8. C,,H,,0O,N, requires C, 69-4; 
H, 4:8; N, 95%). The picrate formed small yellow prisms, m. p. 216°, from alcohol (Found : 
C, 53-0; H, 3-5. C,,H,,0,N,,C,H,O,N, requires C, 52-85; H, 3-25%). 

1-Carbethoxy-4-heto-3-(2'-piperidyl)octahydropyridocoline (VI).—The ester (V) (10 g.) in 
glacial acetic acid (100 c.c.) was shaken for 40 hours with platinum oxide (0-5 g.) in hydrogen 
at 100 lb./in.*, the catalyst filtered off, and the acetic acid removed on the water-bath under 
reduced pressure. The residue was basified (saturated potassium carbonate solution) and ex- 
tracted with ether, and the ether removed, leaving a thick gum (9-3 g.). From a preliminary 
experiment we obtained a similar gum, which gave, on distillation, a thick oil, b. p. 200—210°/ 
1 mm. with some decomposition (Found: C, 66-9; H, 9-0. C,,H,,0,N, requires C, 66-2; H, 
9-1%). 

dl-Oxysparteine.—The above gum (9-3 g.) in absolute ethyl alcohol (30 c.c.) was added to 
sodium (20 g.) kept at 170° in an oil-bath, more alcohol (300 c.c. in all) being added to dissolve 
the metal. Water was added, and then concentrated hydrochloric acid to produce an acid 
reaction (Congo-red). The solution was evaporated, basified (saturated potassium carbonate 
solution), and extracted ten times with ether (50 c.c.), and the ether dried and removed, leaving 
a light brown gum (4-85 g.), presumably (IX). Preliminary experiments having indicated that 
this could not be distilled without decomposition, it was dissolved in benzene (20 c.c.), phos- 
phorus pentabromide (15-5 g.) added in three portions during 20 minutes, and the whole heated 
for 4 hours on the water-bath. The benzene was removed, and the residue ground with potass- 
ium hydroxide solution (50%) and extracted ten times with 50 c.c. of ether. Half the dried 
extract was evaporated in each of two tubes, leaving in all a brown gum (2-5 g.). Anhydrous 
potassium carbonate (6 g.) was added to each, the tubes sealed, heated for 18 hours in the water- 
bath, and opened, the contents treated with warm potassium hydroxide solution (50%), the 
cooled product extracted repeatedly with ether, and the extract dried and fractionated, giving 
a pale yellow gum (0-6 g., b. p. 165—170°/1 mm.), a darker gum (0-5 g., b. p. 180—190°/1 mm.), 
and a charred residue. After some days the first two fractions partly solidified, and were 
drained on porous tile, leaving a pale brown, pasty solid (0-2 g.). After four recrystallisations 
from light petroleum (b. p. 60—80°) this had m. p. 111°, not raised by two further crystallisations. 
Mixed with isolupanine of m. p. 110°, the m. p. was 110—111° (Found : C, 72-7; H, 9-8. Calc. 
for C;,H,ON,: C, 72-6; H, 9-7%). 

isoLupanine.—Deoxylupanine (]., 1928, 1818) (0-7 g.) was shaken for 5 hours with a solution 
of potassium ferricyanide (6 g.) and sodium hydroxide (1-05 g.) in water (15 c.c.), and the whole 
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extracted with ether. After drying and removal of the solvent, 0-25 g. of an oil, b. p. 180—182°/ 
1 mm., was obtained which rapidly solidified. Recrystallisation from light petroleum (b. p. 
60—80°) gave colourless prisms, m. p. 110° (Found: C, 72-5; H, 9-9. Calc. for C,;H,,ON, : 
C, 72-6; H, 9-7%). The methiodide, prepared by allowing the base (0-2 g.) and methyl iodide 
(0-2 c.c.) to stand over-night in acetone (0-4 c.c.), and twice crystallised from methyl alcohol- 
ether, formed colourless prisms, m. p. 203—204°, alone or mixed with the material from the 
synthetic base (in Part I this m. p. is given as 208°) (Found: C, 49-5; H, 6-85. Calc. for 
C,,H,,ON,I: C, 49-2; H, 69%). The hydriodide, prepared from the base and pure hydriodic 
acid, and recrystallised from alcchol, formed clusters of prisms, m. p. 275°, decomp. 345°, alone 
or mixed with synthetic material (Found: C, 48-1; H, 7-1. C,;H,,ON,,HI requires C, 47-9; 
H, 665%). Ifthe preparation of the methiodide is carried out by heating in a sealed tube, the 
hydriodide also is formed, presumably from hydriodic acid resulting from decomposition of the 
methyl iodide. By recrystallisation from acetone (2 parts) and alcohol (1 part) the hydriodide 
separates first, the methiodide being more soluble and only obtained pure by fractional pre- 
cipitation from the mother-liquor with ether. 


Our thanks are due to the Royal Society for a grant, and to the Department of Scientific 
and Industrial Reasearch for a maintenance grant (to W. McG. M.). 
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227. Kinetics of Bimolecular Associations in Solution and in the Gaseous 
State. The Mechanism of Additions to Double Bonds. Part IV. 


By ALBERT WASSERMANN. 


For the further development of the theory of reaction kinetics in the condensed state, 
it is important to compare the rate of bimolecular reactions in solution and in the gas 
phase. In this communication experiments are reported from which such a comparison is 
possible. The diene syntheses, 7.¢., 1 : 4-additions to conjugated double bonds, now to 
be discussed, present for the first time reactions between polyatomic molecules which are 
homogeneous and bimolecular both in the gaseous state and in solution. 

Results (cf. Nature, 1936, 137, 497, 707).—The 8 associations of the type A+ B+>C, 
the rates of which will be compared, are collected in Table I, and are numbered for 
reference. The formule are based on the work of Diels and Alder and Alder and Stein 
[references in Parts I and II (J., 1935, 828, 1511); cf. also Alder, ‘‘ Handbuch der Biolo- 
gischen Arbeitsmethoden,”’ Abt. I, Teil II, 2 Halfte, Bd. II, 1933; Ellis, ‘‘ The Chemistry 
of Synthetic Resins,” New York, 1935, Chapter 40]. 

The kinetics of the gaseous reactions 1, 6, 7, and 8 were investigated by Kistiakowsky and 
Lacher (J. Amer. Chem. Soc., 1936, 58, 123) by following the pressure change. For the 
rate measurements in solution (Nos. 1—5) a colorimetric method was used. 

The results of the measurements of reaction 1 are in Table IT. 

The rate constant & was calculated by taking into account all the experiments within this 
temperature range ; E is the activation energy, and A was calculated from k& and E according 
to the Arrhenius equation * k = Ae¥“/#?, The A. values in the last two cols. have been 
calculated in order to demonstrate the influence of the experimental error : A, max., corre- 
sponds to an activation energy 0-5 or 1 kg.-cal. larger, and A, min., to one 0-5 or 1 kg.-cal. 
smaller than 13-7 or 15-2 kg.-cals. 

Table III contains the A and E values for the other diene syntheses of Table I. The 
accuracy of the activation energies is about 0-6—1 kg.-cal. 

In Part I a value of 14-1 + 1 kg.-cals. was given for the activation energy of reaction 2. 
The value now reported was determined by using a slightly different technique (cf. Table 
IV); further, the temperature interval over which the measurements were carried out was 
larger than before. The A values, both in Part I and in the above table, were calculated 
according to the Arrhenius equation from fgo-. 

* In Parts I and II and in Nature (loc. cit.) the quantity A was designated by Z. 
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TABLE I. 
Rate 
A and B. C. measured in : 


Acraldehyde CHL Gas phase and 
cycloPentadiene CH” CH-CHO benzene 


I H, solution 
A. ai H, 


2 : 5-endoMethylene-1 : 2 : 5 : 6-tetrahydrobenz- 
aldehyde 
Benzene 


Benzoquinone Co CH 
cycloPentadiene CH” \CHZ \cH solution 


H, 
H H H 
\co% \lW 
5 : 8-endoMethylene-5 : 8 : 9 : 10-tetrahydro- 
a-naphthaquinone 


{ cycloPentadiene H Benzene 
\ (2 mols.) cH——cH’ [ \cu solution 


lhe nT bs 
\cH,7” \¢u/ 

4 : 7-endoMethylene-4 : 7 : 8 : 9-tetrahydroindene 
Benzene 


a-Naphthaquinone CH co CH 
{Scans entadiene CHA iy + \cH% l \cH solution 
dx 


H, I 
H H 
“NcH” \co% \ ba 
1 : 4-endoMethylene-1 : 4: 11 : 12-tetrahydro- 
anthraquinone 


{ cycloPentadiene—benzoquinone Benzene 


CH CO. H 
cycloPentadiene He d inng & nit I \cuH solution 
H, 


H, 

HE, H H. H 
hee NeoPM ag 
1: 4:5: 8-Diendomethylene- 


1:4:6:8:11: 12:13: 14-octahydroanthra- 
quinone 


Acraldehyde CH. 
Isoprene mor / *\cH-CHO 
HC. H, 
\cH,% 
2:3:4: 5-Tetrahydro-m-tolualdehyde 
Acraldehyde CHy 
1 : 3-Butadiene HCY “\CH-CHO 
H H 
CH’ 
1: 2:3: 6-Tetrahydrobenzaldehyde 
Crotonaldehyde CH 
1 ; 3-Butadiene aid on 


7, 
H 


HMe 
CH,’ 
1: 2:3: 6-Tetrahydro-o-tolualdehyde 


TABLE II. 
Kinetics of the Addition of Acraldehyde to cycloPentadtene. 


Benzene Gaseous Benzene Gaseous 

solution. state. solution. state. 
Temp. range 5°7—76°5° 107°9—209°8° A x 10, 1./g.-mol.-sec. 13 15 
ke, 1./g.-mol.-sec. 3°3 x 10+ 33 x 10° A x 10°, max. 2 5 

(¢ = 40°) (¢ = 160°) A X 10°, min. ‘ 0°5 
E, keg.-cals. ............04 13°7 + 0°5 162+ 1 
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TABLE III. 


Reaction Formule of A x 10-* 
No. reactants, (1./g.-mol.-sec.). E (kg.-cals.). 
C,H,O, + C,H, 3° 116 
CsH, + CsH, : 6 1b§ enn solution 
"33 13°2 


CigH,O, + CH, 
C,H yO, + C,H, 
C,H,O + C,H, 18°7 
C,H,O + C,H, , 197} Gaseous state 
C,H,O + C,H, 22-0 

Discussion.—The kinetic A values in Tables II and III are of the order 10® 1./g.-mol.-sec. 
As the bimolecular collision frequency both in the gas phase and in benzene solution is 
larger by several powers of 10 (cf. below), it follows that only a small fraction of the collisions 
between the activated molecules is successful. 

Diene syntheses are reversible and the “‘ inverse diene syntheses” are unimolecular. 
The kinetic investigation of the decomposition of endomethylenetetrahydrobenzaldehyde 
in the gaseous state (Kistiakowsky and Lacher, loc. cit.), of endomethylenetetrahydroindene 
(dicyclopentadiene) in paraffin solution (Khambata and Wassermann, Nature, 1936, 137, 
496), and of endomethylenetetrahydro-«-naphthaquinone (cyclopentadiene—benzoquinone) 
in benzene solution (unpublished experiments) proves that the rate of the inverse diene 
syntheses 1, 2, and 3 cannot be substantially influenced by a restricted probability of electron 
transition; for it is found that the kinetic A values amount to 10!2—10" sec.1, and such 
A values are characteristic for “‘ normal”’ unimolecular reactions (Polanyi and Wigner, 
Z. phystkal. Chem., 1928, 139, 439; Pelzer and Wigner, ibid., 1932, B, 15, 445). Since the 
probability of a transition between any two quantum states will be the same for both 
directions,* it can be concluded that the small A factors of the associations 1, 2, and 3, 
and probably also those of the other diene syntheses, are not to be explained by rate- 
restricting transitions, but by the fact that the reactants have a relatively complicated 
structure (Evans and Polanyi, Trans. Faraday Soc., 1935, 31, 890; cf. also Eyring, /. 
Chem. Physics, 1935, 3, 107; Hinshelwood and Winkler, this vol., p. 371). 

For the comparison of the bimolecular collision frequency in the gaseous and the con- 
densed state, it is useful to regard the A value as a product of a steric factor P and a 
collision frequency Z, and to define the P value in solution by the P value of the corre- 
sponding gas reaction.t Hence we have 

A,=P,xZ,; A4,=P,xZ,; P= P, =P 
where the subscripts s and g refer to the reaction in solution and in the gas phase 
respectively. 

Bimolecular reactions can be divided into two main types (Moelwyn-Hughes and Hinshel- 
wood, J., 1932, 230; cf. further reference to previous work as quoted by Moelwyn-Hughes, 
Chem. Rev., 1932, 10, 241; ‘‘ Kinetics of Reactions in Solution,” Oxford, 1933) : 

(1) ‘‘ Normal ”’ reactions involving simple molecules or simple ions. Here A, is of the 
same order as Z,, viz., 10% 1./g.-mol.-sec., and it can be concluded that P is of order unity 
and Z, approximately equals Z,. This conclusion is supported by the fact that the rate of 
the catalysed conversion of para- into ortho-hydrogen is nearly the same both in the gas 
phase and in solution (Farkas and Sachse, Z. physikal. Chem., 1933, B, 28, 19).t 


* See the formule given by London, Landau, and Zener (Z. Physik, 1932, 74, 143; Physikal. Z. 
Sovietunion, 1932, 1, 88; Proc. Roy. Soc., 1932, A, 187, 696). 

t+ Another treatment of collision numbers in solution, involving solubilities (cf. Evans and Polanyi, /oc. 
cit.), will be given in a following paper. This treatment is suitable for discussing the previously described 
change of collision number of a typical diene synthesis in various solvents (cf. Ber., 1933, 66, 1392). 

¢t Previous attempts to measure the rate of bimolecular reactions both in the gaseous and in the 
condensed state are characterised by two features: (i) when the reaction in the condensed state was 
bimolecular, the corresponding gas reaction was heterogeneous; (ii) when, however, the reaction was 
homogeneous in both states, then in one state at least it was not of an ordinary bimolecular type 
(Moelwyn-Hughes and Hinshelwood, Joc. cit.; Proc. Roy. Soc., 1931, A, 181, 177; Bowen, Moelwyn- 
Hughes, and Hinshelwood, ibid., 184, 211; Beaver and Stieger, Z. physikal. Chem., 1931, B, 12, 
93; Bodenstein, Padelt, and Schumacher, ibid., 1929, B, §, 209; Wulf and Tolman, /. Amer. Chem. 





Solution and in the Gaseous State. 1031 


(2) ‘“‘ Slow” reactions involving molecules with many internal degrees of freedom. 
As in the case of diene syntheses, A, is much smaller than 10" 1./g.-mol.-sec. It seems there- 
fore possible a priori to assume that here Z, falls below the gas value. 

From the figures in Table III it can be seen that for the gas reactions P = ~ 10-° and 
that the reactants involved in the diene syntheses in solution are more complex than those 
involved in the gaseous reactions. As no restricted probability of electron transitions has 
to be taken into account, it can be concluded that for the reacting molecules here considered, 
a larger number of internal degrees of freedom will have the effect of either decreasing the 
steric factor or leaving it unchanged (cf. Evans and Polanyi; Eyring; Hinshelwood and 
Winkler ; locc. cit.). Hence it follows that for the reactions in solution the upper limit of 
Pis ~ 10°, and Z, is not less than 10%. Thus for the slow reactions Nos. 2—4 the collision 
frequency in benzene solution is not lower than that obtaining in the gas phase. 

In the case of reaction 1, A, equals A,. It follows that the collision frequency in 
solution is of the same order of magnitude as that in the gas phase, not only for “‘ normal ”’ 
bimolecular reactions, but also for a reaction of the ‘‘ slow ’”’ type. 


EXPERIMENTAL. 


Materials.—The purification of benzoquinone, cyclopentadiene, and cyclopentadiene— . 
benzoquinone was carried out as described in Parts I and II. Acraldehyde (Rhone-Poulenc) 
was distilled shortly before each experiment in the same apparatus as that used for the purific- 
ation of cyclopentadiene. a-Naphthaquinone (Schuchardt) was first steam-distilled and then 
recrystallised successively from alcohol, hexane, carbon disulphide, and ether (charcoal). 
Diendomethyleneoctahydroanthraquinone (dicyclopentadiene—benzoquinone) and endomethylene- 
tetrahydroanthraquinone (cyclopentadiene-naphthaquinone) were prepared according to 
Albrecht (see reference in Part I), and recrystallised from alcohol and hexane respectively. 
endoMethylenetetrahydroindene (dicyclopentadiene) was prepared from the monomeride and 
purified by distillation in a stream of nitrogen. The products of reactions 2, 4, and 5, as obtained 
under the conditions of the kinetic measurements, were identified (mixed m. p.) with specimens 
prepared according to Albrecht. 

Colour Measurements._—These were carried out as in Part I (see also Nature, 1934, 134, 101), 
filter S,, being used throughout. 

Reaction 2.—All the kinetic measurements, the results of which are collected in Table IX 
of Part I, were repeated. Practically identical results for the rate constants were obtained in 
alcoholic and in benzene solution at temperatures of 8-0°, 20-4°, and 25-0°. It was found, how- 
ever, that the previous values in benzene solution at 29-4° and 40-3° were too large by about 
20—30%. This is shown by the data in Table IV and by graph 4 in the figure. The original 


TABLE IV. 
Addition of Benzoquinone to cycloPentadiene in Benzene Solution. 


Temp. : (a) = 34°6°, (6) = 50-0°, (c) = 50°0°. 
Equimolar initial concns. (g.-mol./l.) : (a) = 0°00750, (b) = 000396, (c) = 0°00800. 
_ k (1./g.-mol.-min.; mean value): (a) = 1:0, (6) = 24, (c) = 2°56. 


(a). (5). (c). 
¢(mins.). a (cm.~). " ¢(mins.). a (cm.-?). a (cm.-*). 

0°128 0 0°0673 0°136 

0°115 ° 15 0:0590 0°104 
0°0992 . 30 0°0509 0°0879 
0°0852 46 0°0457 0°0773 
0°0744 . 60 00406 0°0723 
0°0591 : 90 0°0368 0°0643 
0°0005 150 0°0301 0°0610 
248 0°0214 0°0498 
ro) 0°0002 0°0004 


| > 
Ba 


BD RP RP RD RD by by 
DeH OIG 
bp Ro RD BD Rp to ke 
Oe ID > 





Soc., 1927, 49, 1650; Rice and Greenberg, ibid., 1934, 56, 2132; Hinshelwood and Winkler, Trans. 
Faraday Soc., 1935, $1, 1739; Daniels, Chem. Rev., 1935, 17, 82; Thompson, Kearton, and Lamb, J., 
1935, 1033). As to the kinetics of the decomposition of ethylene iodide in the two states, see Pollissar, 
J. Amer. Chem, Soc., 1930, 52, 956; Schumacher, ibid., p. 3132; Ogg, ibid., 1936, 58, 607; Arnold 
and Kistiakowsky, J. Chem. Physics, 1933, 1, 166. 
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error was connected with the fact that the thickness of the cell was not sufficiently large. Experi- 
ment (a) in Table IV was carried out as before, except that a cell of greater thickness (4 cm.) 
was used. In experiment (5), 50-0 c.c. of the reaction mixture were added, at the times given 
in the first column, to about 40 c.c. of benzene at 0°, and diluted to 100 c.c. at room temperature, 
the colour then being determined in a tube of 15-0 cm. thickness. Experiment (c) was carried 
out like (b), but the reaction mixture was diluted to about 4 times the volume before the colour 
was determined. For the calculation of the rate constants of experiments (a) and (bd), the 
expansion of the solution between room temperature and 50° had to be taken into account. 
Here and in those experiments of Table VII, which were carried out above 35° and below 15°, 
the expansion of the solutions was determined in control experiments. 

Reaction 4.—The rate of this reaction was determined by using the same technique as for 
reaction 2. The molar extinction coefficient of «-naphthaquinone is 9-96 1. /g.-mol.-cm. in benzene 
solution. The validity of Beer’s law was proved for the concentration range 0-1—0-007 g.-mol. /1. 
The rate constants were calculated from the equation given in Part I; a,’ is zero since the pro- 
duct of the reaction is colourless. 


Typical experiment : 

Equimolar initial concn. of a-naphthaquinone and cyclopentadiene = 0-0300 g.-mol./l.; solvent, 
benzene; temperature, 22-2°. 

+ 8 (RREER,) .nccccccscccccccccesccescscsce 71 95 124 183 273 

a (cm.~*) 0°236 0°209 0°195 0°165 0°135 

R (1./g.-mol.-min.) ...........0eeeeee 0°13 0°15 0-14 0°15 0°15 


TABLE V. 


Addition of «-Naphthaquinone to cycloPentadiene in Benzene Solution. 
Equimolar initial C,.>H,O, No. of k (mean), 
Temp. concn. (g.-mol./l.). converted, %. obstns. 1./g.-mol.-min. 
11-7° 0°0300 40 4 . 
22°2 0°0300 53 5 
$2°1 0°0300 48 5 
7 


41°5 0°0200 71 
51-0 0°0200 71 5 


The E and A values of reactions 2 and 4 were calculated from graphs A and B of the figure. 
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Temperature Dependence of Rate Constants. 

A = Benzoquinone + cyclopentadiene (a, b, c, d, e, and f used for calculation of E and A in Table III; 

g and 4 = measurements at 29°4° and 40°3° in Table IX of Part I). 
B= pe ee os -+ cyclopentadiene. C = Acraldehyde + cyclopentadiene. 
D = cycloPentadiene—benzoquinone + cyclopentadiene. E = cycloPentadiene + cyclopentadiene. 

Colorimetric Determination of cycloPentadiene.—A known quantity of cyclopentadiene was 
added to an excess of solid benzoquinone, and after some days the benzoquinone still present 
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was determined colorimetrically. From the amount of benzoquinone converted, the concentra- 
tion of cyclopentadiene at the moment of mixing can be calculated. This analytical method 
was tested by 10 experiments in which the concentration as determined by weighing was com- 
pared with that determined colorimetrically. The solvent used was benzene, and the temper- 
ature of the solution at the moment of mixing with benzoquinone was 20° or 75°. A number of 
added substances, e.g., cyclopentadiene—benzoquinone, dicyclopentadiene, or acraldehyde, did 
not influence the accuracy of this method, which is 3—5% if the colour is determined as indicated 
on p. 1031. 

Reactions 1, 3, and 5.—The joints of the measuring flasks used for the following experiments 
were sealed with mercury in order to avoid evaporation. At known time intervals, a measured 
amount of the reaction mixture was added to an excess of solid benzoquinone. The cyclo- 
pentadiene concentration at the moment of mixing can be calculated as indicated above, 
because at room temperature the rate constant of the cyclopentadiene—benzoquinone reaction 
is, at least, 100 times as great as the rate constant to be determined. The rate constants 
as given in the following tables were calculated by using the ordinary integrated equation 
for bimolecular reactions. Under the conditions of the kinetic measurements, the rate of the 
back reaction and that of side reactions is so slow that the use of the simple formula is justified. 

Table VI contains the data of three typical experiments. The cyclopentadiene concentration 
in col. 7 corresponds to the time given in col. 1. The volumes of solution given in col. 2 were 
added to solid benzoquinone in a measuring flask the volume of which is given in col. 4. Before 
the penetrability (col. 6) was determined, the mixture was made up to the mark and then 
diluted as many times as shown by the figures in col. 5. For the colour measurements a cell 
of 1 cm. thickness was used. The accuracy of the & values in col. 8 is about 8%. 


TABLE VI. 
Diene Syntheses Nos. 1, 3, and 5 in Benzene Solution: Typical Experiments. 


Equimolar initial concns. (g.-mol./l.) : (1) = 0°200; (3) = 1°358; (5) = 0-274. 
Temp.: (1) = 45°0°; (3) = 25°1°; (6) = 11°9°. 
Vol. of Benzo- Vol. of Number Concn. of 
Time, solution (20°) quinone, measuring of times Penetrabil- C,H, 10% (1./ 
mins. used, c.c. g. flask. diluted. ity, %. (g.-mol./l.). g.-mol.-min.). 
76 0°2055 10-0 P 38°5 0°139 29 

133 0°1942 10°0 . 38°2 0-116 
(1) 245 0°1899 10°0 ‘ 35°1 0°0855 

395 0°2238 25°0 , 43°4 0°0546 

543 0°1857 25°0 31:2 0°0471 

710 0°1520 25°0 15-0 0-0398 


0°1365 10:0 44°8 1177 
0°1483 10-0 38°9 1-077 
0°1460 10°0 32°5 0°977 
0°1730 10°0 49°9 0°792 
0°1404 25°0 49°6 0°617 
0°1336 25°0 46°6 0-470 


0°1777 10°0 32°2 0-232 
0°1440 10°0 33°9 0°218 
0°1402 10°0 39-0 0°204 
0°1287 10°0 36°6 0°170 
0°1207 10°0 32'8 0°137 
0°1017 10°0 25°2 0-109 


Rhea COOESS Hehe hh 
SSSSSS $8888 SSESs8 
migtipee mega S SO 
SSSS23 49833 


The graphs C, D, E in the figure were used for the calculation of the A and E values given in 
Tables II and III. 
SUMMARY. 


(1) The kinetics of five diene syntheses are measured in benzene solution and compared 
with those of five similar syntheses in the gas phase as investigated by Kistiakowsky and 
Lacher. 

(2) The “‘ temperature-independent ”’ factor of the Arrhenius equation of the diene 
syntheses is much smaller than the collision frequency in the gas phase. For reactions 1, 
2, and 3, and probably also for the other reactions, this is not connected with a restricted 
probability of electron transitions, but with the complicated structure of the reactants. 

(3) The collision frequency in solution can be of the same order of magnitude as that 

3U 
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TABLE VII. 
Diene Syntheses Nos. 1, 3, and 5. Results of Kinetic Measurements, 
Equimolar Equimolar 
initial C,H, initial C,H, 
concn. con- concn. con- 
(g.- verted, No.of 10% (g.- verted, No.of 10% 
Temp. mol./l.). %. obstns. (mean). Temp. mol./l.). %.  obstns. (mean). 
r 5°7° 0°400 75 4 15 (15°1° 1-488 53 5 0°023 
14°8 0°200 80 5 2°7 25:1 1°358 71 5 0-062 
25°2 0°200 80 5 74 (3)4 25°0 2-000 53 5 0°059 
25°2 0°400 * 80 5 8-0 35°0 1-410- 63 6 0°14 
(1)435°0 0-200 82 4 15 45-0 1-052 70 6 0°32 
45°0 0°200 80 6 28 .65°2 1-118 92 6 0°82 
55°1 0°200 75 6 57 re 0°247 56 6 13 
65°2 0-100 71 5 120 (5) 25°0 0°203 fT 79 5 40 
.76°5 0°100 76 5 220 35°0 0°223 83 7 79 
45°1 0°265 88 6 17 
L55°4 0°206 77 6 27 





* Reaction mixture at zero time = 36°5 c.c.; 0°56 g. glass wool was added. 
+ This concentration corresponds to cyclopentadiene—benzoquinone; the initial concentration of 
cyclopentadiene was 0°172 g.-mol./l. 


obtaining in the gas phase, not only for ‘‘ normal” bimolecular reactions, but also for a 
reaction of the “‘ slow ” type. 


My thanks are due to Professor C. K. Ingold, F.R.S., for valuable discussions and for generous 
hospitality in his department. I am further indebted to Imperial Chemical Industries Ltd. for 
financial assistance. 
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228. The Chemistry of Insects. Part II. Examination of the Woolly 
Aphis and of the White Pine Chermes. 


By B. K. BLounrt. 


THE woolly aphis, Eriosoma lanigerum, Hausmann, popularly known as American blight, 
is one of the most familiar and destructive of the British aphididae, though not originally 
a native of Britain. It excretes a protective tangle of long wax filaments (hence its popular 
name) and in most stages is deep purple. Some work on the chemistry of this insect has 
been done by Schulz (Biochem. Z., 1922, 127, 112) and Schulz and Becker (7bid., 1933, 
261, 165; 1933, 264, 87; 1934, 270, 387). These authors are interested mainly in the 
wax, which they consider to be a mixed glyceride of palmitic acid (1 molecule) and myristic 
acid (2 molecules). They note the existence of a colouring matter, but do not attempt to 
isolate it, or determine its nature. 

By the methods described later, little difficulty was experienced in isolating the crystal- 
liné colouring matter in a yield corresponding to 0-2% of the weight of the insects. The 
new substance, for which the name Janigerin is proposed, is orange in colour, gives orange- 
yellow, green-fluorescent solutions in ether and acetic acid, and dissolves in caustic alkali 
with a crimson colour. These reactions suggest that lanigerin is a polyhydroxyanthra- 
quinone, and, if this is so, the green fluorescence must indicate a quinizarin grouping 
(Raistrick, Robirtson, and Todd, Biochem. J., 1934, 28, 559). But the substance presents 
certain unusual features, particularly its very ready oxidation. The solid is stable; but 
in solution it is oxidised by contact with air, becoming at the same time darker in colour 
and soluble in alkali carbonate solution. The analytical figures are satisfied by the formula 
C,,H,,0;, with three active hydrogen atoms; but naturally other formule are not definitely 
excluded. Attempts to prepare derivatives and degradation products have not yet been 
attended by any success, but they will be resumed when further supplies of the insects are 
available. 
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The opportunity also presented itself of examining the white pine chermes, Adelges 
(Pineus) strobi, Borner. This insect is less well known, but often causes considerable 
damage to plantations of the white pine. Like the woolly aphis, it secretes a protective 
wax; the insects are orange in colour. 

No examination of this insect having previously been made, a considerable quantity 
was collected and worked up for both the wax and the colouring matter. 

The wax (m. p. 106-1—106-4°), a detailed examination of which will be reported later, 
provides one of the relatively rare examples of a natural wax composed of a keto-alcohol 
esterified by a keto-acid. It is very similar to the cochineal wax examined by Chibnall, 
Latner, Williams, and Ayre (Biochem. J., 1934, 28, 313); but preliminary investigation 
has shown that it is not identical. 

The colouring matter, isolated in a yield of under 0-08%, appears to belong to a type 
not hitherto found in aphididae. It has beennamed strobinin. Its analysis agrees best with 
the formula C,5H,,0,, with three active hydrogen atoms. It is dark purple-brown and 
dissolves in organic solvents to give orange-crimson, yellow-fluorescent solutions, from 
which it is extracted by alkali with the formation of an emerald-green alkali derivative. 
A rather similar alkali colour reaction is given by certain hydroxyphenanthraquinones, 
e.g., 2-hydroxyphenanthraquinone, and thelophoric acid (examined by Kégl, Erxleben, 
and Janecke, Annalen, 1930, 482, 105; it occurs in fungi of the thelephora species), which 
contains this grouping. 

These investigations will be continued as supplies of the insects become available. 
Small amounts of other aphididae have also been examined, and in certain cases pigments 
of the hydroxyanthraquinone type appear to be present. 


EXPERIMENTAL. 


Examination of Eriosoma lanigerum, Hausmann.—The mixture of insects and wax was 
brushed off the twigs and stems of affected apple trees with a small soft paint brush. This 
material (30 g.) was treated with a few drops of chloroform to kill the insects and was then 
pounded with pumice powder and a few drops of acetic acid, the purple mass becoming khaki- 
brown. The colouring matter and wax were extracted by shaking with several changes of pure 
ether. The combined extract, fiery orange-red in colour and having a pronounced green fluor- 
escence, was shaken with successive small quantities of ice-cold aqueous caustic potash (56%). At 
first only acetic acid was extracted; then the colouring matter was separated as a dark purple 
solution having an intense green fluorescence, and at the same time the ethereal solution became 
yellow. The latter was finally washed with water, dried, and evaporated, giving a residue of 
the crude wax which crystallised at once (2-4 g.). 

The alkaline extracts were immediately acidified (the whole extraction and precipitation 
of the pigment should be carried out as rapidly as possible), and shaken with ether. The 
ethereal solution was dried over sodium sulphate and evaporated to a small bulk (about 3 c.c.), 
transferred to a centrifuge tube, and precipitated with light petroleum... An orange amorphous 
solid separated, and was collected by centrifuging and washed with light petroleum. The super- 
natant liquid on evaporation left a considerable amount of dark red, waxy material. When the 
orange solid was dissolved in a little ether and the solution slowly concentrated on the water- 
bath, /anigerin (60 mg.) crystallised. Purification of the substance gave considerable trouble 
until it was realised that its solutions are oxidised readily by contact with the air. The best 
method was to shake a solution of the substance in ether with sodium carbonate solution, which 
extracted the oxidation product but not the lanigerin. On drying and evaporation to a small 
bulk, as far as possible out of contact with air, lanigerin crystallised in small orange plates, 
m. p. 274—276° (decomp.) after darkening from 220° [Found, for material dried for 24 hours in a 
vacuum desiccator: C, 68-0; H, 4-8; OH (Zerewitinoff), 11-3. C,,H,,0O, with three active 
hydrogen atoms requires C, 68-4; H, 4-7; OH, 11-4%]. It dissolves in ether and acetic acid to 
give orange-yellow solutions having a pronounced green fluorescence; addition of a drop of 
concentrated hydrochloric acid changes the colour to red. The sulphuric acid solution is scarlet 
and has no fluorescence. The crimson solution of the colouring matter in alkali fades on standing 
in the air. Attempts to acetylate lanigerin led to considerable darkening and the production 
of a dark purple, amorphous solid. 

Examination of Adelges (Pineus) strobi, Béryner.—The material was collected in Bagley Wood, 
near Oxford, in July, 1935. It consisted of the insects together with the excreted wax, and 
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contained in addition traces of bark débris. This material (120 g.) was heated to boiling with 03 
chloroform (about 800 c.c.), and the solution filtered rapidly (pump) through a warmed filter. cc 
This treatment was repeated, and the residue finally washed several times with hot chloroform. re 
On cooling, the orange-brown filtrate deposited the wax (15 g., m. p. 105-5—106°), which was di 
collected at 0° and well washed with cold chloroform. Twice crystallised from chloroform lo 
(charcoal), it formed small colourless plates, m. p. 106-1—106-4° (Found: C, 79-8; H, 13-0%). Oo} 

The orange-brown filtrate from the wax was shaken with ice-cold aqueous caustic potash at 
(5%), which extracted the pigment to give a purple-brown solution. The alkaline solution was ra 
separated and acidified, and the pigment taken up in ether. is 


The insect residues remaining after the chloroform extraction still contained a considerable 





amount of pigment. The material was mixed with pumice powder and a few drops of acetic { 
acid, thoroughly ground, and shaken with ether. The extract was decanted, and the residue e 

extracted several times until the extracts were colourless. From this ethereal solution the re 
pigment was isolated by alkali extraction, and again taken up in ether. wi 

The combined ethereal solutions were evaporated to a few c.c., and the pigment precipitated 
with light petroleum. It separated as a dark red, viscous liquid, which slowly solidified in a (é. 
vacuum desiccator to a brittle resin (790 mg.). After some weeks hot alcohol (10 c.c.) was added. 22 
A clear solution was formed, which, however, soon began to deposit crystalline material. This St 
was collected after some hours at 0° (92 mg., m. p. 226—230°). Strobinin, twice crystallised ef 
from chloroform—alcohol, formed small prisms generally grouped in spherical or dumb-bell shaped m: 
aggregates (62 mg.), m. p. 236—237° (decomp.). In the mass it had a dark purple, almost th 
black, colour [Found, for material dried at 100° in a high vacuum: C, 70-4, 70-5; H, 4-5, 4:7; W 
N, S, and OCH, absent; OH (Zerewitinoff) 9-8, 9-4. C,,H,,O, with three active hydrogen to. 
atoms requires C, 70:3; H, 4:7; OH, 10-0%]. oe 

The substance is rather sparingly soluble in most organic solvents, particularly alcohol, 
giving orange-crimson solutions which exhibit a greenish-yellow fluorescence; the fluorescence an 
is very marked in ultra-violet light, and then appears orange-yellow. In concentrated sulphuric ss 
acid strobinin forms an orange-scarlet solution with the same fluorescence. When its solution ak 
in acetic anhydride is treated with a trace of a solution of sulphuric acid in the same solvent, the 
colour changes during a few seconds from orange-crimson through brown and green to pure blue, of 
and at the same time a remarkably intense red fluorescence develops. This solution is stable ro 
at the ordinary temperature, but on heating to the boiling point its colour immediately fades fo 
to pale brown. Strobinin is extracted from its ethereal solution by caustic alkali or alkali int 
carbonate solution (but not by alkali bicarbonate) with the development of a bright emerald- th 
green colour; after a few minutes an insoluble green precipitate separates, leaving a practically cle 
colourless solution. After several weeks the pigment could be regenerated from the alkaline th 
suspension by acidification and shaking with ether. of 

The filtrate from the first crystallisation of the strobinin was examined for other pigments, 
but no crystalline material could be obtained, either directly or after acetylation. 

I am grateful to the Royal Commissioners for the Exhibition of 1851 for a Senior studentship ; ph 
to Dr. R. N. Chrystal for his invaluable help and advice in the collection and identification of the 9C 
insects; and to Mr. K. N. Bell for allowing me to collect a considerable amount of woolly aphis 
in his garden. (J. 

Tue Dyson Perrins Lasporatory, OXFORD. (Received, May 23rd, 1936.] . 
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229. The Photochemical Oxidation of Formaldehyde and a 

e 

Acetaldehyde. dic 

J. E. CarruTHers and R. G. W. Norris. dis 

DuRING the course of the experiments upon the photochemical oxidation of formaldehyde Sp 
and acetaldehyde, now described, estimations were made of the quantum efficiencies of the ov 
processes, showing that the oxidation proceeds in both cases by a chain process involving wh 
a short chain the 

Patat (Z. physikal. Chem., 1934, B, 25, 208; see ibid., B, 27, 431), investigating the pol 
primary process of the photodecomposition of formaldehyde, added various amounts of 
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oxygen in an attempt to prove the existence of hydrogen atoms in the process. He dis- 
covered that the ratio of the amounts of carbon monoxide and hydrogen liberated in the 
region of continuous absorption which lies beyond the region of predissociation was 
displaced from the normal value of approximately unity to as much as 1-47:1. The 
loss of hydrogen was explained as being due to reaction between hydrogen atoms and 
oxygen to give water. Although not disputing the possibility of production of hydrogen 
atoms in the decomposition, we think that the divergence in the value of the CO/H, 
ratio must be attributed to the oxidation process described in the following pages and 
is not conclusive evidence of the existence of hydrogen atoms. When oxygen is added, 
we are dealing with an entirely different system. Illumination results in the formation 
of formic acid, and although this may not be the primary product, subsequent decomposition 
results in the production of a larger proportion of carbon monoxide than hydrogen, as 
will be shown later. 

In the thermal oxidation of gaseous acetaldehyde, the primary formation of peroxides 
(e.g., peracetic acid) has been described by Kiss and Demény (Rec. trav. chim., 1924, 48, 
221), Bodenstein (Sitzungsber. preuss. Akad. Wiss. Berlin, 1931, III, 18), and Hatcher, 
Steacie, and Howland (Canadian J. Res., 1931, 5, 648). An estimation of the quantum 
efficiency of the photochemical reaction between acetaldehyde vapour and oxygen has been 
made by Bowen and Tietz (J., 1930, 234), who bubbled dry air through liquid acetaldehyde, 
then through a quartz reaction bulb, and finally through potassium iodide solution. 
When the reaction vessel was illuminated with unfiltered light from the mercury arc, 
iodine was liberated in the solution and was ascribed to the formation of a peroxide of 
acetaldehyde. The quantum efficiency, calculated from the amount of iodine liberated 
and from a knowledge of the approximate energy distribution of the mercury lamp, was 
assessed at about 1000 molecules per quantum absorbed. No direct measure of the light 
absorption, however, was made in their case. 

It is possible, as Mr. Bowen has suggested to us, that an explanation of the difference 
of chain length may arise from the fact that the rate of reaction varies with the square 
root of the light intensity (see Bowen and Tietz, loc. cit.). It seems, however, doubtful, 
for on this basis a ratio of 1 : 50 in chain lengths would require a ratio of 2500 : 1 in light 
intensities, and in view of the fact that our absolute velocities were of the same order as 
those of Bowen and Tietz this can hardly have been possible. Bowen and Tietz did not 
claim to make any direct measurement of light intensity or absorption, and it is possible 
that the discrepancy is referable to some error in assessing the output and energy distribution 
of their mercury lamp. 


EXPERIMENTAL. 


The Oxidation of Formaldehyde and Acetaldehyde in Closed Systems.—Formaldehyde. The 
photochemical oxidation of formaldehyde was studied at 100° in mixtures CH,O + O, and 
2CH,O + O,; the partial pressure of formaldehyde in all cases was 100 mm. 

The experimental arrangements were very similar to those adopted by Norrish and Kirkbride 
(J., 1932, 1518) in their investigations on the quantum efficiency of the decomposition of gaseous 
formaldehyde. The reaction vessel was cylindrical, being double-walled and constructed of 
clear quartz. Distilled water was placed in the outer jacket and kept boiling by electrical heating 
with 32-gauge nichrome wire wound round the vessel. The connecting tubing of the apparatus 
was electrically heated to 90° to prevent polymerisation of formaldehyde on the walls, Pressure 
changes during the experiments were observed on a mercury manometer, and this was also 
heated. A suitable stopcock lubricant was found to be Apiezon grease “‘ N,’’ provided the tap 
did not become too hot, but in some later experiments a special rubber grease was prepared by 
dissolving pure shredded rubber in “‘ Everett’s ”’ grease. 

Monomeric formaldehyde was prepared by the method of Trautz and Ufer as improved by 
Spence (J., 1933, 1193), viz., by heating paraformaldehyde, which had been thoroughly dried 
over sulphuric acid in a vacuum desiccator, to 110°. After rejection of the first portions of gas, 
which contained a large amount of water and caused formation of trioxymethylene in the trap, 
the remainder was condensed in liquid air. Careful redistillation effected a separation from 
polymerides. 

Oxygen was prepared by electrolysing between nickel electrodes a 10% solution of sodium 





1038 Carruthers and Norrish: The Photochemical 


hydroxide saturated with barium hydroxide to remove carbonates. The source of illumination 
in the experiments was a horizontal mercury-vapour lamp, unfiltered, mounted alongside the 
reaction vessel, operated at a burner voltage of 73 volts and taking a current of 3-9 amps. 

Formaldehyde gas at a pressure of 100 mm., when introduced into the reaction vessel, showed 
very slight polymerisation—to the extent of a few mm. per hour—owing to the fact that the 
ground joint could not be directly heated. When a mixture CH,O + O, at a total pressure of 
200 mm. was illuminated, a rapid decrease of pressure took place, and the reaction was complete 
in about 120 minutes. The form of the pressure—time curve is seen in Fig. 1, from which it is 
clear that the reaction did not achieve a maximum speed for some minutes. The total decrease 
of pressure was about 46 mm. This 
decrease was satisfactorily accounted 
200 for on analysis of the reaction products. 

The gaseous products were pumped 
off at — 78° by means of a Toepler 
pump and analysed in a Bone and 
Wheeler gas-analysis apparatus. Car- 
bon dioxide, oxygen, carbon monoxide, 
CHp0+0, and hydrogen were recognised. Formic 
at 100° acid which was also a product was con- 

densed in the freezing mixture. No 

. * peroxide was detected by the titanic 

"Saal acid, ether-dichromate, or potassium 

iodide test. Estimation of the propor- 

tions of the various possible reactions 

ad Timelm jins,). ad 200 \ed to the following data. Of the 

original formaldehyde after illumin- 

ation for 116 minutes there appeared 45% as formic acid, 20% as H,O + CO, and 3% as 

CO,+ H,. Also, associated with this oxidation, about 32% of the formaldehyde polymerised, 
and there was a slight photochemical decomposition of the formaldehyde itself. 

These data are explained by the primary oxidation of gaseous formaldehyde to formic acid 
according to the equation H*CHO + 40, = H°CO,H. The presence of carbon dioxide, carbon 
monoxide, and hydrogen in the products is explained by the subsequent decomposition of the 
formic acid in two ways : 
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CO, + H, <— H:CO,H —> CO + H,O 


(see, e.g., Ramsperger and Porter, J. Amer. Chem. Soc., 1926, 48, 1270; Gorin and Taylor, 
ibid., 1934, 56, 2042; Bates and Taylor, ibid., 1927, 49, 2438; Herr and Noyes, ibid., 1928, 50, 
2345). 

The associated polymerisation has been separately studied by us (Trans. Faraday Soc., 1935, 
31, 195) and shown to be independent of irradiation and to be induced by the formic acid 
produced in the oxidation. This polymerisation, therefore, also took place in the dark after 
extinction of the mercury lamp. Analysis showed that no further oxidation of the formaldehyde 
took place in the dark. 

Increasing the oxygen concentration above the equimolecular amount had little effect on the 
course of the reaction. The pressure fell to the same extent as before (about 46 mm.), and with 
the mixture CH,O + 20, the half-time period was 18 mins. compared with about 25 mins. for 
CH,O + O,. When nitrogen was added to the equimolecular mixture, however, the reduction 
in pressure was diminished, and the half-time period remained unaltered; e.g., in the mixture 
100 mm. CH,O + 100 mm. O, + 400 mm. N,, the pressure fell by 31 mm. during the course of 
the complete reaction, and the time of half-reaction was 24 mins. Probably the nitrogen 
exerts an inhibiting effect on the heterogeneous polymerisation reaction by preventing the 
diffusion of formaldehyde molecules to the walls. 

A trace of iodine vapour (about 0-2 mm.) reduced the proportion of the total reaction pro- 
ceeding as polymerisation : comparative experiments showed that in the pure mixture 68% 
formaldehyde was oxidised, but that in the presence of the above trace of iodine as much as 97% 
was oxidised. 

Acetaldehyde. The photochemical oxidation of acetaldehyde was studied at 30°. The 
reaction system consisted of a cylindrical quartz reaction vessel with optically plane ends 
(capacity 63 c.c.). This was kept in a water thermostat at 30°, and was connected by a ground 
joint to a capillary manometer. Readings of the manometer enabled the change of the total 
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pressure in the system to be followed. Acetaldehyde was prepared according to the directions of 
Leighton and Blacet (J. Amer. Chem. Soc., 1933, 55, 1766) from redistilled paraldehyde. The 
mercury lamp used had a special type of horizontal burner, which, when mounted axially with 
the reaction vessel, provided with a quartz lens system a narrow converging beam of light. 

On illumination of an equimolecular mixture of acetaldehyde and oxygen at a total initial 
pressure of 401-0 mm. with unfiltered light from the mercury arc, the pressure fell fairly rapidly, 
and after 200 mins. reached a steady value of 212-°9mm. The gaseous products contained oxygen 
(592%) and carbon monoxide (24-8%), together with small amounts of ethylene (1-5%) and 
methane (4:4%) and a trace of hydrogen. These experiments thus showed that some oxygen was 
unused when the total pressure of the system came to a stationary value (taken as the end of the 
reaction). In addition, considerable amounts of iodine were liberated from a solution of potass- 
ium iodide by washings of the condensed products. This was ascribed to the peroxide shown by 
many workers to be produced in the oxidation of acetaldehyde. The ratio of the initial amount 
of acetaldehyde present to the amount of oxygen used up when the oxidation was carried to 
completion was about 2 : 1-4. 

Bowen and Tietz have examined the nature of the peroxide and have shown that peracetic 
acid first formed is converted into diacetyl peroxide by the following reactions : 

CH,°CO-O-OH + CH,-;CHO —» 2CH,°CO,H 

CH,°CO-O-OH + CH,°CO,H —-> CH,°CO*O-O0-CO-CH, + H,O 
These reactions are demonstrated by the reaction of the products with potassium iodide solution. 
Peracetic acid should give an alkaline solution, whereas diacetyl peroxide should give a neutral 
solution; in practice, the solution is slightly acid, so diacetyl peroxide is the chief peroxidic 
product—the slight acidity being explained by a small excess of acetic acid. There is also close 
agreement between the number of oxygen molecules absorbed and the number of peroxide 
molecules produced. The fact that the oxygen uptake amounted to about 1-4 mols. for 2 mols. 
of acetaldehyde in our static experiments confirms Bowen and Tietz’s view that diacetyl peroxide 
is an important product. 

Quantum Efficiencies of the Two Processes.—After investigation of the nature of the oxidation 
of formaldehyde in the light, a determination of the quantum efficiency of the process for the 
mean wave-length absorbed was made by comparing its rates of oxidation and of decom- 
position when the two reactions were carried out under identical conditions. Values for the 
quantum efficiency of the decomposition of formaldehyde into carbon monoxide and hydrogen 
are given by Norrish and Kirkbride (loc. cit.), the mean value within the limits of experimental 
error being unity. From the ratio of the rates of the two reactions, therefore, the quantum 
efficiency of the oxidation could be calculated directly from this figure. 

The method adopted was to take the amount of oxygen used as a measure of the oxidation, 
and the amount of carbon monoxide produced in the illumination of pure formaldehyde as a 
measure of the direct decomposition. In both cases the reaction was allowed to proceed only for 
a short portion of the total reaction period in order that the rate of light absorption would be 
sensibly constant for this time. 

The determinations of the quantum efficiency of the oxidation of acetaldehyde were made in 
approximately monochromatic light. An equimolecular mixture of acetaldehyde and oxygen 
was used, in which the partial pressures of the two constituents were each 200mm. The mixture 
was illuminated by means of a mercury arc, between which and the reaction vessel were inter- 
posed the following filters: (1) Nickel chloride solution (7 g. NiCl,,6H,O + 3c.c. conc. HCl in 
500 c.c. water); (2) water; (3) chlorine gas at atmospheric pressure. (This filtering arrange- 
ment is transparent to wave-lengths from 2750 to 2480 A., the chief lines transmitted being 2654 
and 2537 A.; Bowen, J., 1932, 2236.) Care was taken when striking the arc to return the lamp 
to exactly the same position before every experiment, so that conditions were strictly comparable 
throughout the series. , 

A mixture of CH,-CHO + O, at 30° was illuminated for 60 mins., and the number of mole- 
cules of acetaldehyde oxidised per minute calculated from the amount of oxygen used. Oxygen 
was absorbed for analysis in a freshly prepared solution of sodium hyposulphite. As a compari- 
son for the oxidation, pure acetaldehyde was illuminated, and the number of molecules decom- 
posed per minute calculated from the amounts of carbon monoxide and methane in the products. 

* These two series of experiments were performed with the same pressure of acetaldehyde (200 
mm.). Direct comparison of the number of molecules of acetaldehyde oxidised and decom- 
posed per minute—as in the case of formaldehyde—gave a measure of the “ chain length,”’ 7.e., 
the number of molecules oxidised for one primary “ stimulation.” Further, reference to values 
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for the quantum efficiency of the decomposition of acetaldehyde at 30° gave, in combination 
with the chain length as determined above, a measure of the absolute quantum efficiency of the 
oxidation. The comprehensive determinations of Leighton and Blacet (loc. cit.) made this 
calculation possible. Using a monochromator, these authors determined the quantum efficiency 
at 30° for various pressures of acetaldehyde at wave-lengths from 2537 to 3342 A. At 2537 
and 2654 A. the values for a pressure of 198 mm. were 0-870 and 0-793 molecule per quantum 
absorbed, respectively. 

In Tables I and II are arranged data showing the results of these experiments on form- 
aldehyde and acetaldehyde. 
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TABLE I. 
(Press. of CH,O in all cases = 100 mm.; temp. = 100°. Volumes are reduced to N.T.P.) 
Oxidation of formaldehyde. 


O, used in 8 mins.’ CH,O Rate, 

Expt. illumination, c.c. oxidised, c.c. c.c./min. 
Mitare CHD: + Og. oc. ccccscrersvcvesesscseess I 3°80 7°60 0°95 
Mixture 2CH,O +} O, ...cescccssecseeseeseeee {ht ae £76 \ 4.63 0:58 


Decomposition of formaldehyde. 
Expt. IV. Vol. of CH,O decomp. in 30 mins. = 1°84 c.c. 


CO, 1°84 ¢.c.\ _ a, : 
Products { 1°75 — = 0°061 c.c./min. 


Expt. V. Vol. of CH,O decomp. in 20 mins. = 1°37 c.c. 


CO, 1°37 c.c : 
Products H,, 1°21 ad = 0°068 c.c./min. 


TABLE II. 


Oxidation of acetaldehyde. 


(Total press. = 400 mm.; temp. = 30°. All volumes reduced to N.T.P.) 
Expt. VI. Expt. VII. 


Time of illumtn., mins. ...............seceeeeee 60 60 

Initial vol. of CH,°CHO, €.c.  .......sceeeees 17:0 16°9 

SIE WER. OE Te, BB cnnsoncncaqriopopnerstirens 16°60 16°45 

Ee WE GEG, CB. cocivescccsansaneeareiienns 15°35 15°10 

Ce E, CH. sipeeccsccsdicscctsccseddqecaseusece 1-25 1:35 (Mean 1°30 c.c. = 0°0217 c.c./min.) 


Decomposition of acetaldehyde. 


(Press. = 200 mm.; temp. = 30°.) 
Expt. VIII. Expt. IX. 


Time of illumtn., Mins. ..........0.seceeeseeees 402 168 

Vol. of products (CH, + CO), c.c. ......... 1:73 0°74 

Nn IY LG, edaveecditcccenetcecsceusececeess 0°86 0°37 

Vek) COC Pee GR. si obs dds etRise esi 0°00215 0°00220 (Mean 0°00217) 


Formaldehyde. For the mixture 2CH,O + O,, the data of Table I give values for the chain 
length of the oxidation of 9-4 (IV) and 8-5 (V). Taking Norrish and Kirkbride’s figure of 1-0 
for the quantum efficiency of the decomposition of formaldehyde, we have therefore a mean 
value of about 9-0 molecules per quantum absorbed for the quantum efficiency of the oxidation 
at 100°. The corresponding value for the mixture CH,O + O, is 12-6. 

Acetaldehyde. From the mean of the values VI and VII for the oxidation of acetaldehyde it 
is seen that in 60 mins, 1-30 c.c, of oxygen are used. This represents the oxidation of about 
1-85 c.c. of acetaldehyde—a rate of 0-0308 c.c./min. The decomposition experiments show that 
the rate of disappearance of acetaldehyde is 0-00217 c.c./min. Thus the “ chain length ” of 
the oxidation of acetaldehyde is 14-2. The quantum efficiency for the decomposition at 2654 A. 
is 0-793, and so we have for the quantum efficiency of the oxidation a value of 11-3 molecules per 
quantum absorbed. ; 

Experiments using a Flowing Method for the Determination of the Chain Length of the Acet- 
aldehyde Oxidation.—Here again a measure of the light absorbed was obtained by illuminating 
pure acetaldehyde, determining the amount of decomposition, and then referring to Leighton 
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and Blacet’s value for the quantum efficiency of the decomposition. Although by using a flow 
technique the actual molecules of reactant in the illuminated zone were continuously changing, 
it was arranged that at any instant the partial pressures of acetaldehyde and oxygen were each 
200 mm. as in the previous experiments. This was done by passing a stream of nitrogen and 
oxygen in the ratio 360 : 200 through a bubbler of liquid acetaldehyde surrounded by a mixture 
of ice and sodium chloride at — 10° (v. p. of acetaldehyde at — 10° = 200mm.). The composi- 
tion of the mixture passing into the reaction vessel was therefore : CH,-CHO, 200 mm.; O,, 
200 mm. ; N,, 360 mm. 

The mixture of nitrogen and oxygen was stored in a large aspirator, and an automatic level- 
ling device enabled the gas to be passed through the reaction vessel at a constant speed 
throughout. The speeds recommended by Bowen and Tietz (loc. cit.) were used, viz., 7—10 
1./hour. 

The reaction vessel was constructed of clear quartz, and was identical in dimensions with that 
used in the study of the oxidation in a closed system. Experiments as before were conducted 
with the reaction vessel in a thermostat at 30°, and a chlorine—nickel chloride filter being used 
in conjunction with the mercury lamp. The gases after leaving the reaction vessel passed into 
an aqueous solution of potassium iodide protected by a plug of cotton wool from atmospheric 
ozone resulting from the operation of the mercury lamp. 

In the first experiments (when the nitrogen-oxygen mixture was dried by passing through 
concentrated sulphuric acid) the acetaldehyde in the bubbler frequently polymerised to a colour- 
less solid. The only cause to which this could be attributed was the carrying over of sulphuric 
acid spray into the acetaldehyde (even though glass wool was inserted between the drying 
bottles and the bubbler). Subsequently, the sulphuric acid drying arrangement was replaced by 
calcium chloride drying tubes. Further anomalous results were also observed; for whereas in 
some cases a strong iodine colour was developed in a few minutes, upon continuing to pass the 
mixture the colour entirely disappeared. The method adopted therefore was to add a measured 
excess of standard sodium thiosulphate solution to the potassium iodide at the beginning of the 
experiment and by back-titrating the unused thiosulphate at the end to estimate the amount of 
iodine liberated. This procedure gave much more reproducible results. 

Since 1 g.-mol. of diacetyl peroxide liberates 2 g.-atoms of iodine, the amount of acetaldehyde 
oxidised to diacetyl peroxide could be calculated. Table III shows the amount of oxidation in 
two experiments at 30°, the composition of the gas mixture being as above. 


TABLE III. 
Expt. I. Expt. IT. 

Wave-length .. dbelanee acts cvs ob 5 5i8 tis MA dae che ceeded ak 2500—2700A. 
Time of illumtn., mins. Laqughh ys cdcpandiepebihasanebee edie <teee 60 30 
PE EE RL, EMD. sci cenciissansseurscgsognoscosepipiciseeee 74 9°6 
Vol. of 0°00170N- a,5,0, Mee e8s SB ASA 111 41 
CH,’CHO oxidised, g.-mols. X 10~6..........seecescereeeeeees 187 69°7 
Vol. of CHs°CHO oxidised, c.c. at N.T.P. ........eseereees 4°15 1°54 


From the static experiments described preViously, where we also had a pressure of 200 mm, 
acetaldehyde, and where the intensity of illumination was the same as in these flowing experi- 
ments, it was found that 0-00217 c.c. (N.T.P.) of acetaldehyde decomposed per minute. Using 
this value in comparison with the data of Expt. I above, we have 


Rate of oxidation/rate of decomposition = 31-9: 1. 


For Expt. II the ratio was 23-7: 1. Taking Leighton and Blacet’s figures for the quantum 
yield of decomposition given above, we find that these figures give a mean value for the 
quantum efficiency of 22-0 molecules oxidised to diacetyl peroxide per quantum absorbed. 

When acetaldehyde is oxidised photochemically under these flowing conditions, therefore, 
it is seen again that the quantum efficiency is of the order of 20. Until more evidence is obtained, 
however, it is not proposed to discuss the nature of the chain, either for acetaldehyde or for 
formaldehyde. 


SUMMARY. 


(1) The photochemical oxidation of gaseous formaldehyde and acetaldehyde has been 
studied, and both reactions have been shown to proceed by chains of short length. 

(2) The oxidation of formaldehyde takes place by way of formic acid. No peroxide or 
peracid. was found, 
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(3) Quantum efficiencies for the mixtures CH,O + O, and 2CH,O + O, have been 
determined. 

(4) For an equimolecular mixture of acetaldehyde and oxygen the oxygen uptake 
corresponded to 0-7 times the volume of acetaldehyde, in agreement with the conclusions 
of Bowen and Tietz that diacetyl peroxide is formed. 

(5) The quantum efficiency has been calculated for 30° both in a closed system and also 
(in the presence of nitrogen) by using a flowing method. 


The authors’ thanks are due to the Government Grants Committee of the Royal Society and 
to the Chemical Society for grants. One of them (J. E. C.) is also indebted to the Governing 
Body of Emmanuel College, and to the Department of Scientific and Industrial Research, for 
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230. Complex Compounds of the Olefins with Metallic Salts. Part II. 
Homologues of Zeise’s Salt. 


By J. STUART ANDERSON. 


In Part I (J., 1934, 971) the reactions of Zeise’s salt, K[PtCl,,C,H,],H,O, were described, 
and it was shown that in all the compounds obtained, the ethylene molecule occupies one 
place in the co-ordination shell; i.e., that, if the co-ordination number 4 for platinum is to 
be consistently maintained, the ethylene must be regarded as attached by one co-ordinate 
linkage. Evidence was brought forward supporting the view that, on chemical grounds, 
no intrinsic difference is discernible between the co-ordination of ethylene and that of 
neutral molecules such as ammonia. 

The present contribution deals with compounds analogous to Zeise’s salt, but derived 
from substituted ethylenes, and aims at tracing the influence of substitution upon the ability 
of olefins to co-ordinate with platinum. Compounds of this type, K{PtCl,,C,H,] and 
K[PtCl,,C;H,9], containing propylene and amylene (probably the A-compound in view of 
the mode of preparation used), were described by Birnbaum (Amnalen, 1869, 145, 67), 
whose results show that the co-ordinating ability of propylene and amylene is certainly 
less than that of ethylene. Reaction of a different type—direct addition across the double 
bond—was observed by Hofmann and von Narbutt (Ber., 1908, 41, 1625) with dicyclo- 
pentadiene. This, with potassium chloroplatinite in methyl and ethyl alcohols formed 
PtCl*CygHy9*°OMe and PtCl-C,9H,,"OEt, but in propyl alcohol a compound PtCl,,C, 9H > 
(probably PtCl*C,9H,.Cl) was formed. It is significant that the last differed markedly in 
properties from the co-ordination compounds PtCl,,C,H, and PtCl,,CHPh:CH, described in 
this and the previous paper. Other examples of addition across the double bond have not 
been observed with certainty in the present work, and the case of dicyclopentadiene appears 
to be abnormal and worth reinvestigation. 

Attention has been mainly directed to aromatically substituted olefins, as likely to show 
more pronounced steric and polar effects than the aliphatic compounds. The hydro- 
carbons examined were: Monosubstituted, styrene; ««-disubstituted, ««-diphenyl- 
ethylene, 8-phenylpropylene ; «f-disubstituted (cis-), cyclohexene, indene ; «-disubstituted 
(trans-), «-phenylpropylene ; trisubstituted, 6-phenyl-A*-butylene ; tetrasubstituted, tetra- 
phenylethylene, bisdiphenylene-ethylene. In addition, amylene was examined, as it 
appeared that its compounds might be of use in the preparation of other complexes, by the 
reaction (C) described below. 

The effect of substitution is greatly to lower the stability of the complex salts formed. 
The solubility of salts derived from substituted olefins is higher than that of ethylene com- 
pounds, so that although Zeise’s acid may readily be isolated as its not very soluble 
quinoline salt C,H,NH[PtCl,,C,H,], yet the corresponding styrenetrichloroplatinite, 
C,H,NH[PtCl,,CHPh:CHg], is too soluble to be used as a convenient means of identifying the 
complex, and the potassium salt K[PtCl,;,CHPh°CH,] is extremely soluble. For these 
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reasons, a number of the compounds were not characterised as their potassium salts, which 
can indeed be isolated only with difficulty in most cases, but as their tetramminoplatinous 
salts [Pt(NH,),][PtCl,,X]. or, better, as their 1 : 6-dichlorobisethylenediaminocobaltic 
salts [CoCl,en,][PtCl,,X]. The latter, being in all cases less soluble than the corresponding 
chloroplatinite [CoCl,en,],{PtCl,], enabled the olefin complex to be separated by fractional 
precipitation. 

The formation of complex salts containing olefins has been effected by several methods. 

(A) Olefinic compounds react directly with potassium chloroplatinite, displacing one 
chlorine ion from the co-ordinated complex: K,PtCl, + C,H,, —-> K[PtCl,,C,H,,] + 
KCl. This reaction, observed by Biilmann (Zentr., 1917, I, 562) with unsaturated acids, 
aldehydes, and ketones, takes place also with hydrocarbons. Reaction proceeds at room 
temperature in aqueous-alcoholic solution, and is slow owing to the insolubility of the chloro- 
platinite in alcohol. It was shown in Part I (loc. cit., p. 973) that reactions of the above 
type are reversible. In the case of K[PtCl3,C,H,], the stability of the ethylenetrichloro- 
platinite ion is so high that Zeise’s salt may be recrystallised unchanged in presence of an 
excess of potassium chloride or hydrochloric acid, although a variety of observations indi- 
cate that ethylene may be lost by dissociation in the same manner as styrene (see below). 
With other olefins, however, the stability may be so far lowered that, on recrystallisation, 
only potassium chloroplatinite is obtained (cf. Birnbaum, Joc. cit.), while in carrying out the 
preparation of olefin complexes by the above method an equilibrium must be attained. 
Moreover, the insolubility of potassium chloroplatinite, and the solubility of the Zeise’s 
salts in alcohol, tend to shift the equilibrium further to the left. The extent to which the 
olefin-containing complex anion is formed in this reaction thus affords some qualitative 
measure of the co-ordinating power of the olefin (see p. 1045). Asa preparative method it 
is suitable only for the styrene salt, K[PtCl,,CHPh:CHg]. 

(B) Similar in principle is the direct addition of olefins to platinous chloride dissolved in 
absolute-alcoholic hydrogen chloride. Reaction is more rapid than with (A), since the 
system is homogeneous, but the necessary high concentration of hydrogen chloride checks 
the reaction when only partly completed. In addition to the olefintrichloroplatinites there 
are also formed by this reaction by-products containing platinum, which are soluble in 
ether and do not react with potassium chloride. The nature of these substances, which 
have not yet been isolated, is unknown. 

(C) Az-Aliphatic olefin complexes may be readily prepared by the method of Zeise and 
Jorgensen, 7.e., by reduction of either platinic chloride or sodium chloroplatinate with the 
corresponding saturated alcohol. 

(D) The most striking and significant mode of formation is by the direct replacement of 
one olefin by another. Thus, if an alcoholic solution of Zeise’s salt is treated in a vacuum 
with styrene, a vigorous reaction takes place, and ethylene is liberated quantitatively. 
There remains a new, yellow, very soluble salt, potassiwm styrenetrichloroplatinite : 


K[PtCl;,C,H,] + CHPh:CH, = K[PtCl;,CHPh:CH,] + C,H, 


Similarly, ethylene may be replaced by amylene, and amylene in turn by indene. The 
factor involved is not solely the relative stability of the salts (7.c., the relative “‘ residual 
affinities ’’ of the olefins), since the styrene complex is definitely less stable than the ethylene 
complex, but the relative volatility of the olefins, as is shown by the effect of pressure. 
At atmospheric pressure the displacement of ethylene proceeds only slowly, if at all. On 
reducing the pressure, whereby ethylene is removed from the system, reaction proceeds 
at once to completion. 

Similar behaviour is shown by ethyleneplatinous chloride, PtCl,,C,H,. At room 
temperature in a vacuum, ethylene is replaced quantitatively by styrene, forming the 
analogous styreneplatinous chloride PtCi,,CHPh:CHg. 

In view of the formal analogy between the co-ordination compounds of ethylene and of 
carbon monoxide, and the possible relationship in the mechanisms whereby the co-ordinate 
linkage is formed, it was of importance to examine whether styrene would displace co- 
ordinated carbon monoxide. It was found, however, that anilinium carbonyltrichloro- 
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platinite C,H,*NH,[PtCl,,CO] (Mylius and Foerster, Ber., 1891, 24, 2424), selected as being 
soluble in alcohol without decomposition, could be warmed with styrene in a vacuum for 
prolonged periods without any measurable evolution of carbon monoxide. The inference 
must be drawn that the strength of the linkage olefin Pt is distinctly less than that 
of the links CO+>Pt or NH,>Pt in, e.g., Cossa’s salt, and that some dissociation 
probably occurs. The latter conclusion is borne out by the decomposition of the styrene 
salt in solution (see below). 

The importance of the demonstration of the mutual replaceability of the olefins lies in the 
conclusive evidence it affords that in such compounds one is dealing with true molecular 
compound formation, and not, as has been suggested (cf. Drew, Pinkard, Wardlaw, and 


Cox, J., 1932, 997), with compounds of such a type as K[(}>Pt-CH,‘CH,Cl], in which a 


certain mobility is supposed to be conferred by the platinum atom upon the terminal chlor- 
ine. It might be possible, though unlikely, for ethylene to be displaced from such a sub- 
stance by means of pyridine or potassium cyanide: it is inconceivable that the ethylene 
should be spontaneously replaceable by amylene or styrene. 

The only compounds isolated during the present work which are comparable in stability 
with Zeise’s ethylene compounds are the styreneplatinous chloride and potassium styrene- 
trichloroplatinite referred to above. The latter may be readily obtained by the action of 
styrene either on potassium chloroplatinite or, better, on Zeise’s salt. It forms deep yellow, 
lustrous, apparently monoclinic prisms, which crystallise anhydrous from aqueous alcohol. 
The salt is extremely soluble in both water and aqueous alcohol. It undergoes some 
dissociation in solution, since the solution smells of styrene and invariably deposits platinous 
chloride on standing : 


2K[PtCl,,CHPh:CH,] —-> K,PtCl, + PtCl, + 2CHPh‘CHy. 


The insolubility of styrene in water causes continuous decomposition of the aqueous 
solution, and may lead ultimately to complete conversion into potassium chloroplatinite. 

Styreneplatinous chloride, PtCl,,CHPh:CH,, obtained from ethyleneplatinous chloride 
by the action of styrene, is an orange microcrystalline substance, more soluble in benzene 
and chloroform than the corresponding ethylene compound. It is probably to be regarded, 
like the latter, as possessing a doubled molecular formula in order to maintain the co- 
ordination number 4 of the platinum. Like the ethylene compound, it is reduced with 
extreme ease, reacting with hydrogen below 50°. At higher temperatures the reaction 
may, indeed, be accompanied by incandescence. 

Although no pure compounds of the type were isolated, there is strong evidence that 
bisolefin compounds, ¢.g., PtCl,,2CHPh:CH,, may exist. The immediate product of the 
action of styrene on ethyleneplatinous chloride invariably contains less platinum than 
corresponds to PtCl,,CHPh:CH,, to which constant composition it is brought by heating 
at 56° ina vacuum. The product so obtained is lighter in colour than the original, and 
dissolves in benzene to a yellow solution, which is changed to a deep orange-red colour, and 
takes up more styreneplatinous chloride, on addition of styrene. From this orange-red 
solution, reddish crystals separate, which become opaque and lose styrene, however, when 
washed with light petroleum, and can be obtained only with a variable composition repre- 
senting the presence of 35—45% of PtCl,,2CHPh:CH,. Other olefins also deepen the colour 
of benzene solutions of styreneplatinous chloride, and an addition compound probably 
precedes the displacement of ethylene from PtCl,,C,H, by styrene, since there is a deepening 
of colour, but no.evolution of ethylene until the pressure is reduced. 

Indeneplatinous chloride, PtCl,,CgHg, is obtained similarly to the styrene compound. 
Unlike the latter, it is extremely sparingly soluble in benzene or chloroform, probably 
owing to admixture with polymerised indene. 

AM-Amyleneplatinous chloride. A®-Amylene reacts vigorously with ethyleneplatinous 
chloride to give the golden-yellow crystalline PtCl,,C;H,9. In this instance the colour of 
the solution suggests that the formation of a bisamylene compound does not occur. 

Some information as to the relative co-ordinating power of the hydrocarbons examined 
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is provided by the extent of their reaction with potassium chloroplatinite and alcoholic 
chloroplatinous acid. The results are summarised in Table I. A further line of evidence 


TABLE I. 

Hydrocarbon. Extent of reaction with K,PtCl, or H,PtCl,. 
StyFEM® ...ceccerscccscersrscessees Very extensive : K salt may be so prepared 
Amylene .......ccccceceeseseeseress Extensive : K salt may be isolated 
TOGO 05 6c bsnsccdédscasstocccsecises Very incomplete : K salt may be isolated in very small amount 
CYCIOHEXENE......0eeeereeeeseeeeees Slight : the formation of [PtCl,,C,H,)] may be proved 
CPhigsCH, ) coccccccccccccecesses Some substitution probably occurs, but no derivative could be isolated 
C e:CH, } vuseeshopnodsehncnhes for analysis 


Other hydrocarbons examined No formation of complex salt 


may be obtained from the behaviour of the olefins towards Zeise’s salt and ethylene 
platinous chloride, as is summarised in Table IT. 





TABLE II. 
Action on 
Hydrocarbon. —~ 
PtCl,,C,Hy. K[PtCl,,C,H,]. 
Styrene .......eceeeeee C,H, liberated vigorously C,H, liberated vigorously 
Amylene ............ C,H, liberated vigorously C,H, liberated slowly 
FRO ec ccccdsccccees C,H, slowly displaced No apparent action, but C,H, similarly 
displaced from K[PtCl,,C,;H,,] 
cycloHexene ......... No action, but probably displaces No action 
C,Hy, from PtCl,,C,Hy, 

Other hydrocarbons 

examined ......... No action No action 


The above results indicate that the co-ordinating ability of the olefins decreases in the 
order C,H, >CHPh:CH, >indene >cyclohexene >CPh,:CH, and CPhMe:CHg. 

The ability of amylene to co-ordinate is comparable with that of styrene, although the 
styrene potassium salt appears to be more stable than the corresponding amylene 
compound. 

Progressive substitution is seen greatly to reduce the co-ordinating ability of the olefins. 
A steric factor is perceptible in that indene and cyclohexene, in which the ring structure 
necessarily confers a cts-configuration, co-ordinate, whereas CHPh:CHMe, which is pre- 
sumably trans, does not. On the other hand, A*’-amylene, which is presumably also trans, 
co-ordinates relatively strongly. The much more ready formation of co-ordination com- 
pounds from indene than from cyclohexene suggests that dissymmetry about the double 
bond, and the consequent polarity of that bond, is a factor promoting co-ordination. 

If the relatively high co-ordinating ability of styrene is to be attributed to the polar 
influence of the phenyl group, which confers on the double bond an appreciable dipole 
moment (0-37 x 108 e.s.u.; Otto and Wenzke, J. Amer. Chem. Soc., 1935, 57, 294), a 
comparison with as-diphenylethylene provides some indication which of the unsaturated 
carbon atoms is concerned in the formation of the co-ordinate link. Ifthe terminal carbon 
atom were active, the augmented polarity due to the introduction of the second phenyl 
group would be expected to increase the donor tendencies of the unsaturated group. The 
reverse effect is found—if as-diphenylethylene does form co-ordination compounds with 
platinous chloride, they are too unstable to be isolated. It is concluded that the augmented 
dissymmetry of the double bond must be outweighed by some other factor, which may well 
be the steric effect of two bulky phenyl groups inhibiting attachment to the a-carbon atom. 
On the other hand, the direction of the dipole moment of styrene is opposed to that of 
ethylbenzene, so that the 6-carbon atom, as the seat of the permanent negative charge, 
might be expected to function as the donor. It cannot but be concluded from the chemical 
evidence, however, that in co-ordination the effect observed is opposed to that of the 
permanent charge distribution in the free molecule. 

There remains to be considered such evidence as to the mechanism of formation of the 
co-ordinate linkage as is provided by the experimental material here discussed, Although 
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the view is not universally accepted (cf. Samuel and Hunter, J., 1934, 1180; Chem. and Ind., 
1935, 635), since it is not altogether clear how a closed s? electron-pair comes to be shared 
with a second atom, there can be no doubt that the systematics and magnetic properties of 
co-ordination compounds are best explained by an electron-pair theory of the co-ordinate 
linkage. This, in turn, demands the presence of a “lone pair ”’ of electrons in order that an 
atom may exhibit donor functions. One possible mechanism whereby such a lone pair 
may be produced in ethylene or an aromatic nucleus has been put forward by Bennett and 
Willis (J., 1929, 256).* It is supposed that the lone pair is produced by an electromeric 


la" “gap: 
change : R*CH—CH-R’ —~+ R-CH—CH‘'R’, and so is derived from an excited state of 
the ethylenic linkage. This, or indeed any other view of the process, involves (a) an opening 
of the double bond, (6) leaving one of the carbon atoms—that which bears the residual 
positive charge—with a sextet of electrons. 

With a view to the possibility of tracing the persistence of the double bond upon co- 
ordination, the absorption spectra of the styrene and indene potassium salts were examined. 
Morton (J., 1934, 911) has shown that the chromophoric grouping CPh:C— gives rise to 
absorption maxima at 2700—2900 A. with both styrene and indene. The extinction 
curves showed, however, that general absorption sets in somewhat above these wave-lengths, 
leaving the question indeterminate. 

If the double bond were opened by such a reversible process as co-ordination to the 
metal, it would be anticipated that the polymerisation of the unsaturated compound must 
necessarily be promoted by the reactions in which olefin complexes are formed. This 
expectation is not fulfilled. Indene was usually polymerised to a considerable extent by 
reaction with potassium chloroplatinite, Zeise’s salt, and ethyleneplatinous chloride, but 
the other substances examined, in particular styrene, showed no such tendency. Poly- 
merisation occurred occasionally, but quite irregularly. 

The mechanism advanced by Bennett and Willis, which seems, indeed, the only means 
whereby a lone pair of electrons can be produced at one ethylenic carbon atom, is not 
altogether free from objection on physical grounds. The hypothetical polarised state of 
the bond concerned, supposing as it does the complete transfer of one electron, represents 
an excited state of the molecule, and could be represented at room temperature by only a 
very low probability of occurrence. Alternatively, it might be supposed that rearrange- 
ment takes place in the field of the adjacent platinum atom, which possesses a high electron 
affinity. In either case the reactions concerned should involve a high energy of activation. 
There are no data available as to the energy of activation either for reactions of the type 
described in the present paper, or for addition compound formation by aromatic hydro- 
carbons, but reactions of both kinds proceed either very rapidly or fairly rapidly at room 
temperature (cf. Hammick and Sixsmith, J., 1935, 580). 

If the co-ordination of ethylene proceeds via an excitation of the ethylene, the result 
will be an abnormally low value for the net heat of formation of the co-ordinate linkage, 
as compared with the value found for the co-ordination of molecules (e.g., NH, or CO) 
where rearrangement is not involved. In so far as the strength of a co-ordinate link is a 
measure of its heat of formation, experimental evidence shows that the linkage Pt <-olefin 
must be associated with a smaller heat of formation than the linkage Pt<CO. 
The latter, in turn, by analogy with the values found for the co-ordination of carbon 
monoxide and of amines to iron (Hieber and Woerner, Z. Elektrochem., 1934, 40, 256) is 
probably lower than, but of the same order of magnitude as, the heat of formation of 
amine Pt co-ordinate linkages. It does not follow, however, that the low heat of 
co-ordination is‘evidence of internal rearrangement preceding co-ordination. Thermo- 
chemical measurements on this point, and also certain stereochemical consequences of the 
hypothesis discussed above, are at present under examination. 

On the evidence thus far available, any attempt to formulate compounds of the type here 
dealt with in terms of the electron-pair bond theory possesses a certain artificiality, and 


* Ref. 88 (Ann. Reports, 1931, 28, 138) refers to this paper, not to Bennett and Willis (J., 1929, 
2305) as quoted. 
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it may be that molecular-compound formation by unsaturated compounds—olefinic or 
aromatic—forms a crucial test of the applicability of the lone-pair bond theory. __ 


EXPERIMENTAL. 


(1) Action of Olefins on Potassium Chloroplatinite.—0-3—0-5 G. of the chloroplatinite, dis- 
solved in 5 c.c. of water, was mixed with approximately 1 g. (i.e., a large excess) of hydrocarbon, 
dissolved in 10 c.c. of alcohol. The solution was warmed to 40° with constant shaking, and left 
for several days or weeks. Where reaction occurred, a clear yellow solution resulted, together 
with more or less reduction to metallic platinum. The filtered solution was diluted with water 
to throw out dissolved hydrocarbon, which was extracted with ether. The yellow aqueous 
solution, containing potassium chloride and chloroplatinite and the olefin complex, was fraction- 
ally crystallised in a vacuum over sulphuric acid, or was treated with tetramminoplatinous 
chloride or bisethylenediaminodichlorocobaltic chloride to precipitate the corresponding insoluble 
salts. Attempts to regenerate the potassium olefin complex salts from the insoluble salts 
[Pt(NH,),][PtCl,,X], and [CoCl,en][PtCl,,X] (X = olefin) by the action of K,PtCl, and 
[Cr(C,O,),en]K respectively, in the manner described by Pfeiffer and Hoyer (Z. anorg. Chem., 
1933, 211, 241), were completely unsuccessful. Styrene reacted rapidly under the above con- 
ditions, and the final solution gave on evaporation deep yellow prisms of potassium styrene- 
trichloroplatinite, which could not readily be obtained quite pure by this method, but was 
identified by conversion into the plato-salt. 

Tetramminoplatinous styrenetrichloroplatinite, [Pt(NH3),][PtCl,,CHPh:CH,],, was precipi- 
tated as golden-yellow needles by the addition of tetramminoplatinous chloride to the solution 
of the potassium styrene salt (Found: Pt, 54-8, 54-4. C,,H,,N,Cl,Pt, requires Pt, 54-55%). 

Indene with potassium chloroplatinite yielded a golden-yellow solution, which underwent 
much dissociation during evaporation. Potassium chloroplatinite separated first, and finally 
a mixture of this with a small amount of a yellow salt. The latter, separated by hand picking, 
proved to be potassium indenetrichloroplatinite, K{PtCl,,C,H,], which “ effloresced’”’ during 
desiccation owing to loss of indene, as the analytical data show (Found: Pt + KCl, 60-28. 
C,H,Cl,KPt requires Pt + KCl, 59-1%). The nature of the compound was proved by its 
conversion into 1 : 6-dichlorobisethylenediaminocobaltic indenetrichloroplatinite, 

[CoCl,en,][PtCl,,C,Hg], 
which was precipitated as a dull green microcrystalline powder on the addition of [CoCl,en,]Cl 
to a solution of an excess of the potassium salt (Found: Pt-+ Co, 383; N, 8-6. 
C,3;H,,N,Cl,CoPt requires Pt + Co, 38-1; N, 8-4%). 

cycloHexene gave by this method a weakly yellow solution affording definite evidence of 
reaction, but the amount of the complex salt formed was too small for isolation. 

The other hydrocarbons examined, with the uncertain exception of as-diphenylethylene, 
afforded no evidence of complex formation. With tetraphenylethylene, complete reduction to 
metallic platinum occurred. 

(2) Action of Olefins on Alcoholic Chloroplatinous Acid.—cycloHexene. 0-51 G. of platinous 
chloride, dissolved in 9 c.c. of absolute-alcoholic hydrogen chloride, was sealed up with 2 c.c. of 
cyclohexene. After several days the liquid was filtered from a residue of platinous chloride 
and reduced metallic platinum into 70 c.c. of water. The brown cyclohexene layer was separated 
off, and the golden-yellow aqueous solution was fractionally precipitated with 0-35 g. of 1: 6- 
[CoCl,en,]Cl in 10 c.c. of water, added in five equal portions. The first three fractions consisted 
of pure 1 : 6-dichlorobisethylenediaminocobaltic cyclohexenetrichloroplatinite (CoCl,en,][PtCl,;C,.H 9] 
(Found :. Pt + Co, 39-7, 39-7; N, 8-8, 8-4. Ci 9H, ,N,Cl,CoPt requires Pt + Co, 39-9; N, 88%). 

as-Diphenylethylene was similarly treated with alcoholic chloroplatinous acid. The 
resulting orange solution was filtered into an equal volume of aqueous potassium chloride. 
On filtration from potassium chloride and chloroplatinite, a pale yellow solution was obtained, 
too dilute to give any precipitate with [CoCl,en,]Cl. Addition of [Pt(NH,),)jCl, to this solution 
yielded a yellow-green precipitate. Microscopic examination showed this to consist chiefly of 
the highly characteristic slender green needles of Magnus’s salt, [Pt(NH;),]PtCl,, with a very 
small amount of a yellow substance. On standing for a few hours, however, the precipitate 
turned green, and was then found to consist only of Magnus’s salt. There is thus evidence of 
the formation of a complex ion [PtCl,,CPh,:CH,]’, which must, however, be unstable in the 
absence of an excess of the olefin. 

Very similar behaviour was shown by §-phenylpropylene. The other hydrocarbons 
examined showed no evidence of complex formation by this method. 

(3) The Action of Olefins on Zeise’s Salt and Ethyleneplatinous Chloride.—A ction of styrene on 
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Zeise’s salt. The reaction was carried out in a pear-shaped flask (to facilitate collection of the 
solid product) connected to a Toepler pump and gas burette, with a trap, maintained at — 40°, 
interposed in order to condense out alcohol, excess styrene, etc. 0-1488 G. of Zeise’s salt was 
treated in a vacuum with 0-5 c.c. of styrene, dissolved in 4 c.c. of alcohol. An immediate 
vigorous evolution of gas occurred, which was completed on warming. 7-45 C.c. of gas (at 
N.T.P.) were pumped out, corresponding to 6-2% of ethylene (Calc. for K[PtCl,,C,H,],H,O: 
C,H,, 7:2%). The alcohol and excess of styrene distilled over completely, indicating that 
practically no polymerisation of the styrene occurred. The pale yellow solid residue, on recrys- 
tallisation from 50% aqueous alcohol, yielded deep orange, very soft, monoclinic or triclinic c 
prisms of potassium styrenetrichloroplatinite, K[PtCl,,C,H,] (Found: Pt + KCl, 60-7; Cl, 
23-9; H,O, 0-0. C,H,Cl,KPt requires Pt + KCl, 60-8; Cl, 24:3%). This salt gave with 
[Pt(NH,),)Cl, a plato-salt identical with that described above (section 1). 

Action of styrene on ethyleneplatinous chloride. 0-1372 G. of PtCl,,C,H, was treated with 
0-5 c.c. of styrene, dissolved in benzene. Vigorous exothermic action occurred, and was com- 
pleted on warming; 11-25 c.c. (at N.7.P.) of gas were liberated, corresponding to 10-3% of 
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ethylene (Calc. for PtCl,,C,H,: C,H,, 10-56%). The residue after evaporation of the golden- A 
red benzene solution was an orange crystalline solid containing less platinum than corresponds V 
to PtCl,,CHPh:CH, (Found: Pt, 49-95. C,H,Cl,Pt requires Pt, 52-7%), and which could not t 
be completely purified by recrystallisation from benzene or chloroform, in which solvents the om 
substance is fairly soluble (Found, after two recrystallisations: Pt, 51-2%). On heating at b 
56° in a vacuum some styrene was lost, constant weight being attained at a composition corre- N 
sponding to PtCl,,C,H, (Found: Pt, 52-4%). This product was lighter in colour and distinctly 4 
less soluble in benzene than the original substance. It formed a yellow benzene solution, 

turned to a deep orange red on addition of styrene. From this solution were obtained reddish- T 
orange crystals, which could not be dried without loss of styrene. As has been discussed above, i 
these crystals as deposited from solution probably consist of distyreneplatinous chloride, 0. 
PtCl,,2C,H, (Found: Pt, 47-7. C,,H,,Cl,Pt requires Pt, 41-2%; the proportion corresponds of 


to the presence of 43% of bis-styreneplatinous chloride). 

Indene gave with Zeise’s salt a very slow and incomplete evolution of ethylene : owing to the 
concomitant polymerisation of the indene, which led to incomplete reaction, it was not possible L 
to prepare the indene potassium salt in this way. [ 

With ethyleneplatinous chloride, ethylene was slowly evolved, and a yellow microcrystalline 
product was obtained. This differed from the styrene compound in being extremely insoluble in 
benzene or chloroform, thereby precluding purification by recrystallisation, and was probably 


contaminated with polymerised indene (Found, after heating to 56° in vacuum to constant T 
weight : Pt, 49-7. Calc. for PtCl,,C,H,: Pt, 51-1%). w. 

By the addition of indene to the yellow solution of styreneplatinous chloride in benzene, the w 
colour was deepened to a reddish-orange, and an orange microcrystalline product was deposited. & 


As in the case of the presumed bis-styreneplatinous chloride, this addition product, which may 
have been an indenestyreneplatinous chloride, PtCl,,C,H,,C,H,, lost olefin on removal from its 
solution, and no definite chemical entity could be isolated 

Af-Amylene reacted vigorously with ethyleneplatinous chloride, and the yellow solution 
formed in excess of the hydrocarbon deposited golden-yellow crystals of amyleneplatinous 
chloride (Found: Pt, 57-7. CsH,,Cl,Pt requires Pt, 58-0%). 

With Zeise’s salt A*-amylene slowly liberated ethylene, leaving a lemon-yellow salt, pre- 





sumably K[PtCl,,C,H,,], which was not investigated further. From this salt, on treatment 2) 
with indene, amylene was displaced in turn, giving the corresponding indene salt, as is shown by 19 
its conversion into [CoCl,en,][PtCl,,C,H,] (Found: Pt + Co, 38-9. Calc.: Pt + Co, 38-1%). 
The analytical figures indicate the presence of some unchanged Zeise’s salt owing to the incom- is 
plete displacement of ethylene or amylene. pr 
Anilinium Carbonyltrichloroplatinite—Platinous chloride, dehydrated in chlorine at 270°, im 
was heated in a stream of phosphoric oxide-dried carbon monoxide to 250°. The mixed carbonyl- th 
platinum chlorides obtained were dissolved directly in concentrated hydrochloric acid, yielding be 
H[PtCl,,CO} with evolution of the excess of carbon monoxide. A warm solution ofanilineman co 
excess of concentrated hydrochloric acid was added, whereupon pale, lemon-yellow, crystalline sti 
anilinium carbonyltrichloroplatinite was immediately deposited (cf. Mylius and Foerster, Joc. p- 
cit.). This salt was dried over potassium hydroxide in a vacuum. On treatment with styrene In 
in a vacuem, no carbon monoxide was evolved even after several hours at 40°. The unchanged bo 
condition of the carbonyltrichlorplatinite was confirmed by the immediate quantitative liber- rel 


ation of carbon monoxide on the addition of aqueous potassium cyanide. 
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Absorption Spectra of Potassium Styrene- and Indene-trichloroplatinites.—Crystalline 
K[PtCl,,CHPh:CH,] and the solution of potassium indenetrichloroplatinite obtained by the 
action of indene on alcoholic chloroplatinous acid were employed. The latter salt would there- 
fore contain an excess of potassium chloride, and also a small proportion of potassium chloro- 
platinite. The spectra were examined over the range 2800—4300 A. on a reflexion grating 
spectrograph, and were seen to conform closely to those of other platinous complexes. 


The author is indebted to the Research Fund of the Chemical Society for a grant towards the 
cost of materials for this investigation. 


IMPERIAL COLLEGE, LoNnpon, S.W. 7. Received, May 29th, 1936.) 





NOTES. 
A Reaction Adaptable to the Volumetric Estimation of Silver Chloride. By G. A. D. HASLEWoop. 


WHEN glacial acetic acid (4 c.c.) is added to a solution of silver chloride (2-5 mg.) in 0-2N-sodium 
thiosulphate (1 c.c.), there is formed an amorphous precipitate which rapidly crystallises in fine 
needles. The dried precipitate contains water [Found : Ag, 35-0; Na, 12-2; S,O, (determined 
by treatment with iodine and back-titration with 0-005N-sodium thiosulphate), 48-0. Calc. for 
Na,Ag;(S,O5),,2H,O (see Bassett and Lemon, J., 1933, 1423): Ag, 35-1; Na, 12-4; S,O,, 
48-5%]. 

The mother-liquor contained a very small amount (approx. 0-3 mg./100 c.c. as AgCl) of silver. 
The crystalline precipitate (washed with glacial acetic acid) from known amounts of silver chlor- 
ide gave good recovery figures as found by dissolution in 0-01N-iodine and back-titration with 
0-005N-sodium thiosulphate. The reaction should be applicable to the volumetric estimation 
of silver chloride, alone or in mixtures 


The author gratefully acknowledges the helpful advice of Mr. H. Terrey of University College, 
London.—DEPARTMENT OF PATHOLOGY, BRITISH PosTGRADUATE MEDICAL SCHOOL, LONDON. 
[ Received, April 21st, 1936.) 





The Electric Dipole Moments of Nitrophenols. By H. O. JENKINS. 


Tuts note records a determination of the dipole moment of o-nitrophenol in benzene at 25°, 
with some remarks on the moments of substituted phenols in general. The usual procedure 
was used in the experimental work. In the following table, f, is the mol.-fraction of solute, 
€g5- the dielectric constant at 25°, dj?” the density, and P, the polarisation of nitrophenol. 


te: a. €a5°- P,. Se: aq. Sant Py 
0:00000 08736 2°2727 — 000656 0°8771 2-3687 237°9 
000245 0°8750 2°3100 242-6 001023 0°8791 2°4194 232°8 
000382 08756 2°3304 244-6 001476 08814 2°4830 229°6 
000536 08766 2°3505 235°5 0°02910 0°8888 2°6839 220°9 


oP, = 239 c.c.; R = 33 c.c.; p = 3:11 D. 


Only one previous determination is on record (Williams and Fogelberg, J. Amer. Chem. Soc., 
1930, 52, 1356), viz., .P, = 235 c.c., which is in excellent agreement with the present one. 

The electric moments of the substituted phenols increase in the direction o<m< >, which 
is contrary to expectation. This redetermination of the moment of the o-compound was made 
primarily to check the low value. Now Pauling (ibid., 1936, 58, 94) has drawn attention to the 
importance of double C—O structures in phenol and its derivatives as a means of interpreting 
the infra-red absorption. In the nitrophenols, resonance with structures having C—O and C—N 
bonds will also explain the approximate equality of the ionisation constants of the o- and p- 
compounds and the lower value of the m-compound. Also, it is clear that resonance with 
structures of this type participating will also explain the abnormally high electric moments of 
p-phenols such as p-nitro- and p-chloro-phenol (cf. Marsden and Sutton, this vol., p. 599). 
In the case of o-nitrophenol, resonance is also possible even if chelation occurs through hydrogen- 
bond formation, but on account of the uncertainty in the values of group moments and the 
relative contributions of the different structures, a calculation of the moment is difficult. There 
remains the possibility that the dipole-moment determination is seriously affected by the 
3x 
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solvent and possibly by association. Bury and Jenkins (J., 1934, 688) have shown that o- 
nitrophenol in benzene is not an ideal solute. 


This work was carried out during the tenure of a Commonwealth Fund Fellowship.—TuHE 
Gates CHEMICAL LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, 
CALIFORNIA. ([Received, April 21st, 1936.] 





The Rapid Detection of Silver Halide in Presence of Silver Cyanide. By RoBert E. D. CLarK. 


Zappi and MANINI (Anal. Asoc. Quim. Argentina, 1934, 22, 21) have replaced the Lassaigne 
(Compt. rend., 1843, 16, 387) test for cyanides by the addition of mercurous nitrate to the pre- 
cipitate of silver halide and/or cyanide obtained by the addition of silver nitrate and nitric acid 
to the solution to be tested, the solid turning black if cyanide is present. It has now been 
observed that, on addition of excess of mercurous nitrate, the black precipitate at once dissolves 
in the cold, giving a clear colourless solution, whereas silver halides, if present, remain undis- 
solved. Thus halides may be detected immediately in presence of cyanides by addition of 
nitric acid, silver nitrate, and mercurous nitrate (5%) ; after the black coloration has disappeared, 
a permanent precipitate indicates the presence of halide.—UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, May 9th, 1936.] 





The Reaction of Semicarbazones with Alcohols. By E. W. McCLELLanp and C. E. SALKELD. 


WHEN benzaldehydesemicarbazone is heated with isoamyl alcohol, ammonia is eliminated and 
isoamyl benzylidenehydrazinecarboxylate formed : 
CHPh:N-NH:-CO-NH, + C,;H,,-OH —» CHPh:N-:NH:CO-0°C,H,, + NH; 

The reaction, which is the reverse of the action of ammonia on an ester, appears to be of a 
general nature, as the semicarbazones of acetophenone, o-hydroxybenzaldehyde, piperonal and 
o-nitrobenzaldehyde give the corresponding isoamyl carboxylates. Since these substances are 
highly crystalline and have much lower and sharper melting points than the corresponding semi- 
carbazones, they may be of value in characterising aldehydes and ketones which give sparingly 
soluble semicarbazones of indefinite melting point. The reaction described enables an aldehyde 
or ketone to be linked to an alcohol; hence the possibility of its use in resolution is evident. 

The isoamyl carboxylates were prepared by the following general method. The semi- 
carbazone (5 g.) was refluxed with isoamy] alcohol (150 c.c.) until ammonia was no longer evolved 
(11—36 hours). The solution was cooled and filtered, and the bulk of the isoamyl alcohol 
removed by distillation from an oil-bath at 170°. The product was finally freed from isoamyl 
alcohol by heating in an open dish at 100° and was purified by crystallisation. The rate of the 
reaction varies considerably with different semicarbazones; almost quantitative yields were 
obtained except with piperonal- and o-nitrobenzaldehyde-semicarbazones, where some unchanged 
semicarbazone was recovered even after prolonged refluxing. 

isoAmyl benzylidenehydrazinecarboxylate, from benzaldehydesemicarbazone (11 hours’ re- 
fluxing), crystallised from alcohol in white plates, m. p. 103° (Found : C, 66-6; H, 7-6; N, 12-6. 
C,,;H,,0,N, requires C, 66-6; H, 7-7; N, 12-0%). 

isoA myl a-phenylethylidenehydvazinecarboxylate, from acetophenonesemicarbazone (11 hours’ 
refluxing), crystallised from light petroleum in white plates, m. p. 74° (Found: N, 11-6. 
C,,4H.,O0,N, requires N, 11-3%). 

isoAmyl o-hydroxybenzylidenehydrazinecarboxylate, from o-hydroxybenzaldehydesemicarb- 
azone (13 hours’ refluxing), crystallised from alcohol in white plates, m. p. 140° (Found : C, 62-2; 
H, 6-9; N, 11-6. C,;H,,0,N, requires C, 62-4; H, 7-2; N, 11-2%). 

isoAmyl Piperonylidenehydrazinecarboxylate.—After piperonalsemicarbazone had _ been 
refluxed for 36 hours with isoamyl alcohol, ammonia was still being evolved. The solution 
was cooled, and the unchanged semicarbazone (1-1 g.) filtered off. The filtrate gave the required 
isoamyl carboxylate, which crystallised from benzene-ligroin in white needles, m. p. 83° (Found : 
N, 10-4. C,,H,,0,N, requires N, 10-1%). 

isoAmyl o-Nitrobenzylidenehydrazinecarboxylate.—o-Nitrobenzaldehydesemicarbazone and 
isoamy] alcohol, refluxed for 36 hours, gave unchanged semicarbazone (1-8 g.) and the required 
compound, which crystallised from benzene-ligroin as a buff-coloured micro-crystalline powder, 
m. p. 95° [Found: C, 55-4; H, 6-0; N, 15-7 (Schoeller). C,,H,,O,N, requires C, 55-9; H, 
6-1; N, 15-1%].—Ktnoa’s CoLttecEe, Lonpon. [Received, April 27th, 1936.] 
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The Hanizsch Memorial Lecture. 


ARTHUR RUDOLF HANTZSCH. 
1857—1935. 


A MEMORIAL LECTURE DELIVERED AT THE UNIVERSITY OF BRISTOL ON 
APRIL 16TH, 1936. 


By T. S. Moore. 


ARTHUR HANTZSCH was born in Dresden on March 7th, 1857. His father was a wholesale 
dealer in wine, carrying on a business which had been founded by his great-grandfather, 
originally a cooper, and his mother was the daughter of an artist, Professor J. U. Bahr, 
of Riga. According to his own account, Hantzsch was an emotional child, with little 
self-reliance. His strongest childish interest was in animals, both extant and prehistoric, 
and this carried him on to the study of zoology and botany in his school and Gymnasium 
period, during which he developed also an aptitude and liking for languages. The sound 
of spoken Greek, in particular, appealed to him, and though he did not take Greek as a 
school subject, he preferred it much to Latin, and studied it privately. Chemistry was 
not taught at the Gymnasium, but Hantzsch must have had some contact with the subject 
from quite an early age, for he has recorded that during his Gymnasium period this subject, 
which in childhood had seemed mysterious, gradually replaced zoology as a main interest, 
and that he made attempts to carry out chemical experiments for himself. On the other 
hand, he neglected subjects in which he was not interested, and left the Gymnasium in 
1875 with only a moderate certificate. 

In the same year Hantzsch began his serious study of chemistry under Professor R. 
Schmidt and Dr. W. Hempel at the Polytechnikum (now the Technische Hochschule) 
in Dresden. Schmidt, a pupil and later an assistant of Kolbe, is described as a man of 
great ability, and was best known for working out a successful large-scale process for the 
production of salicylic acid by Kolbe’s reaction, and for his discovery that phenol sodium 
carbonate is an intermediate product in the synthesis. He was one of those who, led by 
Hofmann, founded the German Chemical Society. Hantzsch received the greater part 
of his formal scientific training under Schmidt and his colleagues, for although he took 
his doctor’s degree in Wiirzburg in 1880, he worked there under Wislicenus during only 
one semester. His thesis for the doctorate was on ‘‘ paraoxyphenetol and some aldehydes 
and ketones derived from hydroquinone’; his subsidiary subjects were physics and 
mineralogy, and he was classed ‘‘ summa cum laude.”’ One of his contemporaries in Wiirz- 
burg remembers Hantzsch at this time as an extremely hard worker, mixing little with 
his fellow students and apart from his research work much preoccupied with his engage- 
ment—dating from 1879—to the eldest daughter of the sculptor Johannes Schilling, to 
whom she served as model for the figure “‘ Germania ” in the Niederwald monument. 

The summer of 1880 Hantzsch spent in Hofmann’s laboratory in Berlin, working 
on small researches which formed the subjects of his first two papers, and in the autumn 
of the same year he became an assistant under Wiedemann in the physical chemistry 
laboratory in Leipzig. This appointment had a great effect on his career. In Wiedemann’s 
laboratory he was brought into intimate contact with physical problems and methods, 
and his reaction to this new influence is indicated by the fact that when he became “‘ Privat- 
docent ” in 1882 the subject of his “test” lecture was “‘ the relation between physical 
properties and chemical constitution.” But in research he continued as a pure organic 
chemist, publishing as his ‘‘ Habilitationsschrift ” in 1882 his remarkable work on the 
synthesis of compounds of the pyridine series from acetoacetic ester and aldehydes. This 
work, probably the most striking single advance ever made in pyridine chemistry, at once 
established Hantzsch among the foremost young chemists of his time, and all the more 
because the circumstance of his working alone as an organic chemist in a physical chemistry 
laboratory emphasised his independence and originality. It brought him not only his 
appointment as “‘ Privat-docent’”’ two years after he had become assistant, but also an 
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invitation, at the remarkably early age of 28, and without his having passed through 
the stage of “‘ ausserordentlicher ” Professor, to a full Professorship in the Polytechnikum 
at Ziirich in succession to Victor Meyer. Hantzsch ascribed this appointment to a lucky 
chance, for although four of the leading German professors consulted by the Swiss 
authorities each recommended as first choice a different candidate (in two cases, their 
own sons-in-law), as second choice all independently recommended him. 

Hantzsch’s eight years in Ziirich were fortunate and happy. He had been married 
in 1883, and his two daughters and one son were born in Ziirich; his work, particularly 
his investigation of the oximes, gave him a world-wide reputation, and attracted students 
from many countries. In the Swiss mountains he found both esthetic and physical 
satisfaction, and the freedom of religious and political opinion in Switzerland was in 
accord with his own liberal outlook. Throughout his life, and not least at the end, the 
Swiss Federation was for him the pattern of national and social organisation. He called 
Switzerland his ‘‘ zweite Heimat,’’ and few of his vacations in later life were spent 
elsewhere. 

In 1893, having already declined invitations to Chairs in Kiel, Worcester (Mass.), 
and Rostock, he left Ziirich to succeed Emil Fischer in Wiirzburg, and there he spent 
what he afterwards referred to as the happiest and most care-free period of his life. Like 
Fischer before him, he found Wiirzburg a friendly place, with easy and stimulating inter- 
course among all ranks in the University, from professors to students. His first task in 
Wiirzburg, as it had also been in Ziirich, was to superintend the erection of a new laboratory 
already planned by his predecessor, and though he made no alteration in Fischer’s general 
plan, of which spaciousness and airiness were the novel and principal features, he took great 
care in the design of the fittings and increased the accommodation for physico-chemical 
work. Nearly thirty years after it was built Fischer recorded his opinion that the Wiirz- 
burg laboratory was still one of the best in Germany. 

After considerable hesitation, Hantzsch left Wiirzburg in 1903 to succeed Johannes 
Wislicenus in Leipzig, where for twenty-five years he directed a continually increasing 
number of students who came to him from all over the world. His wife died in 1904. 
He remained a widower for seven years and then married Hedwig Steiner of Ziirich. The 
three children of his first marriage were themselves married in this period, and his son, 
who as a very young man served in the Great War, was killed in 1921 on the Grossglockner 
in an attempt to help other climbers who were in danger. 

Hantzsch’s 70th birthday, in 1927, was marked by a festival attended by representatives 
of Universities and scientific Societies, by colleagues and by a large number of his former 
students, and in commemoration a bronze portrait medal was struck. To Hantzsch 
himself and to his family, this was one of the greatest events of his life, and for his remain- 
ing years the recollection of the respect and affection manifested by his former students 
on this occasion was an abiding pleasure. Shortly after his 70th birthday Hantzsch was 
retired from his Professorship, and his second wife died in the following year. He then 
removed to Dresden, choosing, for the sake of its old associations, a house in the neighbour- 
hood of the Gymnasium he had attended as a youth. No longer responsible for the direc- 
tion of a large laboratory, and without the companionship of his wife, his researches became 
his only occupation, and he visited Leipzig frequently to supervise the work of his assis- 
tants. His mind continued as vigorous as ever, and indeed his old age brought him no 
worse ill than mild rheumatism and some loss of memory, which, however, was more 
apparent to himself than to others. In happy intercourse with his children and grand- 
children and his‘ few intimate friends, and active in his work, he passed an enviable old 
age, closed by his death on March 14th, 1935, at the age of 78. 


Hantzsch received honorary degrees from the University of Leipzig and the Technische 
Hochschule of Dresden, and was nominated Geheimer Hofrat in 1908. He was Vice- 
President of the German Chemical Society from 1919 to 1921, and thereafter a permanent 
member of its Council. In 1929 he was elected an Honorary Foreign member of our 
Society, and on this occasion wrote letters to the Council and to some of his English students 
showing the highest appreciation of the honour. 
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Hantzsch was a reserved and sensitive man. Only those who were admitted to his 
home, and saw him among his family and his few intimate friends knew him for a devoted 
husband and father, entirely happy in his family relations, enjoying with an attractive 
simplicity the occupations of the family circle. To his guests he was a vivacious and charm- 
ing host. He had interests in philosophy and music and art and especially in poetry, but the 
one strong intellectual preoccupation in his life was chemistry. Yet he kept his work 
as a chemist strictly separate from his private life; his daughter writes that not once, 
even in the narrowest family circle, did she ever hear him refer to his work or to the fame 
it had brought him. In the laboratory, intercourse with him on chemical matters was 
easy and friendly, for he disliked formality, and in 1908 when he became “‘ Geheimer 
Hofrat ” asked that he might still be “‘ Herr Professor” to his students. But although 
until late in life he neglected no opportunity of mixing with his students, he rarely appeared 
to be at ease among them on social occasions, and only in a few cases was the relation 
of professor and student succeeded by one more intimate. None the less he had a great 
personal interest in his students, and nothing gave him more pleasure in his later years 
than visits and letters from them. 

All his life he was abstemious, a non-smoker and using wine only sparingly—a quarter 
of a litre, generously diluted with water, sufficing for a whole evening. In his younger 
days he kept himself fit by gymnastics, cycling, and climbing in Switzerland in the vacations, 
and throughout his life enjoyed very good health. Tall and spare in figure, moving with 
long springy steps, rapid in speech and action, and showing his feelings as much by his 
expression as his words, he gave an unforgettable impression of vigour and nervous 
energy. 

His lectures on general organic chemistry, enlivened by his enthusiasm and by touches 
of simple, rather sly, humour, were original and stimulating. Usually he made a round of 
his research students twice a day. When a negative was returned to his customary “‘ have 
you found anything new? ”’ he passed on, unless the student wanted help, but if there 
was something new, he would stay, examining specimens and discussing results, very 
willing to hear the student’s views and free in expressing his own. Frequently he would 
bring out one of the little note-books he always carried, and provide some new references 
or some wholly fresh idea. A visit from Hantzsch was usually encouraging, but occasion- 
ally his obvious disappointment at delay in getting results or at results which did not fulfil 
his expectations was disconcerting, and in a few cases, where researches which had gone too 
far to be abandoned proved to be of no value in relation to his purpose in the investigations, 
his interest in them died away and his visits to the students concerned lost greatly in value. 
Hantzsch seldom after his earlier years did any experimental work himself, and only in 
special cases gave precise direction for experimental methods. He assumed that students 
admitted to do research were capable of maintaining a high standard, and that their re- 
corded results had been reached by accurate methods impartially applied, so fostering 
in them independence and self-reliance. 

Few, if any, chemists have surpassed Hantzsch in the number and vigour of their 
controversies. To appreciate the reason for this it is necessary to realise that Hantzsch’s 
approach to a scientific problem was as much a novelty as the experimental methods he 
employed in its investigation. It was precisely in this method of approach that Hantzsch’s 
special genius lay. He employed induction on the grand scale, arriving apparently 
intuitively at generalisations which must in reality have been based on ‘the correlation 
of numerous small and disconnected observations—a method quite unlike the step-by- 
step deductions of synthetic organic chemistry as it was then practised or the inductions 
from large bodies of well ascertained facts such as those associated with the names of 
Kekulé, van ’t Hoff, and Arrhenius. A distinguished former student compares his method 
to the operation “of the feminine instinct, which is often right though without logical 
support’; a former colleague and an intimate friend thought Hantzsch a poet rather 
than a mathematician. So it came about that in the first exposition of his new theories 
he frequently quoted in their support a number of weak arguments valuable only because 
they all tended in the same direction, and he always extended his generalisations over the 
widest possible field. His arguments were often individually vulnerable and his first 
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generalisations too wide, provoking criticism from other chemists whose smaller fields 
they happened to touch. His style of writing, assured and sometimes didactic, was in 
itself provocative. Thus while Hantzsch with his collaborators went on to investigate 
in great detail the whole range of chemistry to which his generalisations might apply, 
he was under the necessity of replying to criticisms which, though justifiable, and valuable 
in that they exposed weaknesses, were often misconceived in that they purported to con- 
demn the whole structure which he had raised, whereas in fact they removed only a few 
weak props. As a result of his own investigations, and to a smaller extent on account 
of the work of other chemists, his views in many cases became modified, though still 
retaining the central original ideas. It can be said that no chemist with a reputation to 
lose committed so many errors as Hantszch. But the method to which these errors were 
incidental led also to advances in the science so fundamental that our present outlook on 
almost any problem of organic chemistry, whether Hantzsch worked on it or not, is largely 
dependent upon them. 

Hantzsch’s eager temperament made him severe and persistent in controversy, but those 
who knew him cannot doubt that whether in criticising or in rebutting criticism, his 
strongest motive was his desire for scientific truth. An examination of the literature 
shows that, when personalities occurred in his controversies, they were introduced by his 
opponents. There can be no doubt either that he disliked and even resented criticism, 
but his irritation seldom survived the controversy, and in almost all cases friendly relations 
were resumed even with his most bitter critics. 


Synthetical Work. 


Hantzsch’s researches up till 1890 may be classed as synthetical, though synthesis 
was not their primary object. He thought that if the ‘‘ chemical mimicry ”’ discovered 
by V. Meyer to exist between thiophen and benzene should occur over a range of substances, 
it would throw much light on relations between properties and constitution, particularly 
in the aromatic series. ‘By new synthetical methods he prepared thiazole and its homo- 
logues, which were extraordinarily similar in properties to the corresponding pyridine 
derivatives, and later the analogous compounds in which the sulphur is replaced by selenium, 
oxygen, or the imino-radical—the selenazoles, the oxazoles, and the iminazoles. Original 
and expert in synthesis as Hantzsch proved himself to be by this work, he was not strongly 
interested in structure as such, but in developing the ideas on structure so that all the pro- 
perties of a compound and not merely its chemical relationships could be expressed in its 
constitution. With the commencement of his work on oximes in 1890 his synthetical 
work was broken off and never resumed. 


Oximes. 


Before the publication of the Hantzsch-Werner paper on oximes the exhaustive in- 
vestigations of V. Meyer had made it clear that the classical theory of structure would 
not account for the existence of three dioximes and two monoximes of benzil, and V. 
Meyer and Auwers had put forward the view that restricted relative rotation of the two 
singly linked carbon atoms might be the cause of the existence of structurally identical 
isomerides in this case. The discovery of a second benzaldoxime did not at once make this 
view untenable, for alkylation experiments appeared to show that the second benzaldoxime 
is a structural isomeride of the first, and Goldschmidt’s proof that both react as hydroxyl 
compounds with phenyl isocyanate was not immediately accepted. 

Perhaps the most remarkable feature of the Hantzsch-Werner paper is that a theory 
of such importance was put forward with so little experimental support. The strongest 
argument advanced by the authors in favour of their hypothesis that the three valencies 
of tervalent nitrogen are not necessarily in the same plane, was that it gives an explanation 
of the isomerism of the oximes without involving a departure from the theory of structure 
which had interpreted satisfactorily all earlier cases of isomerism. But in contrast with 
the enormous number of cases of isomerism in compounds containing the groups >C—N-, 
-N—N-, Nabe and abN—Ncd, which, as the authors pointed out, might be expected 
on their theory, they were able to quote as actual examples only the isomeric oximes of 
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benzil, the isomeric benzaldoximes (since they accepted Goldschmidt’s proof of structural 
identity), and two oximinosuccinic acids, for the structural identity of which there was 
some evidence. Certain hydroxamic acids, and p-azoxybenzene, which had been mistakenly 
reported as existing in isomeric forms, were also mentioned as being possibly examples 
of similar isomerism. Hantzsch and Werner were aware, of course, that far more evidence 
was necessary to establish their theory, and explicitly put it forward as an idea worthy 
of further investigation rather than as a view to be accepted immediately. 

A note appended to this paper, describing Werner’s part in it and signed by Hantzsch 
alone, throws some light on Hantzsch’s character. It runs as follows :—‘ Finally, in the 
event of the above argument becoming recognised as having significance, the undersigned 
is only fulfilling a duty in stating that this theory, published in common with Werner, 
is in all essential his. He had already formulated the central idea with its most important 
consequences when I first expressed the vague idea that nitrogen, just as well as carbon, 
might give rise to geometrical isomerism.” 

Great as was Werner’s share in the formulation of the new theory, the experimental 
proof was due wholly to Hantzsch’s energy and experimental power. In one year, working 
with substances frequently extremely labile and undergoing transformation under un- 
precedented conditions, he with his collaborators accumulated overwhelming evidence 
both for the tautomerism and for the stereoisomerism of the oximes. Adopting methods 
similar in principle to those used by Wislicenus in his work on the geometrical isomerism 
of unsaturated carbon compounds, he had further arrived at configurations for the 
aldoximes, and by the use of the Beckmann reaction under controlled conditions had not 
only obtained a new line of evidence for the structural identity of isomeric ketoximes, 
but had deduced configurations for them, apparently with certainty. On the other hand 


the concurrent search for isomerides of the types — (where Z is a group other than 


OH, OAIk, or OAr) and Nabc proved at that time fruitless. 

The restriction of the proved cases of isomerism to oximes and their immediate deriv- 
atives was a sufficient reason to V. Meyer and Auwers for not accepting the Hantzsch— 
Werner hypothesis, and even the discovery of isomeric hydrazones, which soon followed, 
did not convince them. A controversy arose which is now only of interest for the courtesy 
displayed on both sides. Each expressed their admiration for the work of the other, and 
though unconvinced of the truth of the opposing view, admitted its possibility. 

Since 1894, it has been necessary to make only one important modification in the 
chemistry of the oximes. Hantzsch’s deductions on configuration depended on thé 
truth of the principle first enunciated by Wislicenus that “‘ intramolecular reactions are 
the more likely to occur, the nearer the reacting groups.” Except in the case of the 
benzildioximes, where the configurations as determined by the Beckmann reaction did 
not agree with those deduced from relative ease of anhydride formation, the results 
Hantzsch obtained by the application of different methods were consistent, and they were 
universally accepted for nearly 30 years, in spite of the recognition by Werner and a few 
other chemists that the Beckmann change might involve a “trans’’-reaction. That 
this is actually the case, and that nitrile formation from aldoximes is also a “‘ trans ”’- 
reaction followed conclusively from the work of Meisenheimer in 1921. Thus Hantzsch’s 
‘* syn” series is really ‘‘ anti’”’ in configuration, and vice versa. It is doubtful whether 
Hantzsch himself ever accepted fully Meisenheimer’s conclusions, for in one of his later 
papers (1930) where he opposed with his customary vigour a suggestion that stereochemical 
formule for oximes are unnecessary, he quoted the benzaldoxime which readily gives 
benzonitrile as the one in which the hydrogen and the hydroxyl group are in the syn- 
position. 

Diazo-compounds. 

The scientific investigation of the diazo-compounds commenced with v. Pechmann’s 
discovery in 1892 that diazobenzene on benzoylation gives nitrosobenzanilide. In 1894 
the isodiazotates were discovered independently by Schraube and Schmidt, v. Pechmann 
and Frobenius, and by Bamberger, and nitrosoamines obtained from them by alkylation. 
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All these authors agreed in regarding tsodiazo-compounds as nitrosoamines (Ar-NH-NO), 
while the normal diazo-compounds retained the true diazo-formula (Ar‘-‘N—N-OH) assigned 
to them by Kekulé and confirmed by E. Fischer’s proof that on reduction they give 
hydrazines—a reaction by which the diazonium formula of Blomstrand, Strecker, and 


Erlenmeyer ( i aa was supposed to be disproved. The salts from normal diazo- 
compounds with strong acids and strong bases were thought to belong to the same structural 
type (Ar‘N—NCI, Ar‘N—N-OK). 

Hantzsch’s first paper on the diazo-compounds (1894) resembles the first paper on 
oximes in that a new theory is put forward on very little experimental evidence, but 
differs from it in that the new theory is stated didactically, as if it were completely proved. 
The existence of two isomeric forms of diazoaminobenzene, and of a second potassium 
diazobenzenesulphonate comprised the whole of the new experimental evidence, and of this 
the first item soon disappeared, for Bamberger showed that the alleged isomeride was in 
reality a bisdiazoamino-compound. The new diazobenzenesulphonate was excessively 
unstable, and the only evidence of its formula was analyses which were unconvincing 
because they gave concordant results only if they were carried out under special con- 
ditions. On the other hand, the general arguments in the paper are very strong. The 
existence of geometrical isomerism in ethylenic compounds, with the group >C—C<, 
and in oximes, with the group >C—N-, afforded, according to Hantzsch, a strong pre- 
sumption that similar isomerism will occur in compounds containing the group -N—N-, 
and that isomerism found among diazo-compounds may well be due to this cause. Further, 
the historical parallel between the development of the chemistry of the oximes and that of 
the diazo-compounds gave, in Hantzsch’s opinion, strong support to the idea that the 
combination of stereoisomerism and tautomerism which operates in the oximes is responsible 
also for the behaviour of the diazo-compounds. Thus, the second benzaldoxime had been 

: , C,H;—-CH—NH : , ; 
wrongly given a special formula ( \0” ) on the basis of alkylation experiments ; 
in the diazo-series, the newly discovered isodiazobenzene, again on the basis of alkylation 
experiments, had been given the formula C,H,;-NH:NO. But, just as the oximes can 
give O- or N-ethers according to the conditions of alkylation, so the isodiazo-compounds 
give O- or N-derivatives according to the method used. Hantzsch maintained that such 
alkylation experiments proved the tautomeric nature of the diazo-compounds but not 
their constitution, and in this connexion made the following significant remark: ‘‘ It must 
become more generally recognised that we cannot explain chemical reactions by structural 
formule, for by them one can represent only the initial and the final state of a system. 
And even the possibility of this will become the smaller, the further we depart from the 
chemistry of carbon, in which the theory of valency founded wholly on structure has 
proved so valuable, and go over into the chemistry of other elements.” 

In arguing against the formulation of normal and isodiazotates as structural isomerides 
C,H,;-N—N-OK and C,H,-NK-NO Hantzsch made two further general statements which, 
like that just quoted, show how far his ideas were in advance of those prevailing at the 
time. After pointing out that the alkali metal, which has little affinity for nitrogen but 
much for oxygen, would not be expected to migrate from the latter to the former in the 
formation of an isodiazo-compound, he said :—‘‘ According to my belief, not only do the 
alkali-metal compounds of acidic esters (acetoacetic ester, malonic ester, etc.) have 
the alkali metal attached to oxygen (or more correctly in the sphere of affinity of the 
oxygen), but also the alkali-metal compounds of acid amides, of urethane and even of 
nitroethane.” And again, pointing out that two such salts would constitute the first 
example of structurally isomeric salts, and citing Werner’s work on the metal-ammines, he 
states ‘‘ Isomerism is never found, and therefore seems not to exist, where the cause of 
isornerism would be a difference in the mode of attachment of an atom or group capable of 
splitting off as an ion ’—a generalisation which, to judge by formule even now appearing 
in the literature, has not yet received complete recognition. 

Such arguments had little effect at the time. For most contemporary chemists all 
that Hantzsch had done was to show formally that the stereochemical explanation which 
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had succeeded for the oximes might apply also to the diazo-compounds. The extreme 
difference in stability between thé normal and the isodiazotates and between the two 
potassium diazosulphonates appeared to them to be far too great for substances of the 
same structure, differing only stereochemically. 

The controversy with Bamberger which followed has fortunately no parallel in chemical 
literature. Bamberger, undoubtedly a great organic chemist, was much more concerned 
with arguments on particular points than with the generalisations which, for Hantzsch, 
formed the essential structure of chemistry, and not always understanding the physico- 
chemical arguments which became so important in this problem, distrusted deductions 
from them. He did not conceal his satisfaction that he used only “‘ the methods of pure 
organic chemistry.” . In a sense, the controversy was not only between an experimentalist 
and a theorist, but between the ideas of traditional organic chemistry and the wider views 
of the science of which Hantzsch was the first exponent. It is due to Hantzsch’s memory 
to record that the acrimonious tone of this dispute did not arise through him. Bamberger’s 
first critical paper was quite as didactic in tone as Hantzsch’s statement of his theory, 
but there is in it an undertone of irritation and antagonism which was not imitated by 
Hantzsch in his reply. Later, when Bamberger’s terms became insulting, Hantzsch 
permitted himself from time to time a sharp retort, but in the main his papers are confined 
to scientific controversy, vigorous in its expression, but seldom impolite. 

Almost the whole of the experimental work on which the accepted theory of the diazo- 
compounds is based is due to the work of Hantzsch and his collaborators. A great deal 
of our knowledge of the diazo-ethers, the diazo-hydroxides, and the nitroamines is due to 
Bamberger, but neither this important work nor his frequently unsuccessful repetition 
of Hantzsch’s experiments contributed essentially to the solution of the problem. The 
substances Bamberger worked with were mainly explosive when isolated, usually decom- 
posed rapidly in solution and apart from decomposition changed easily into isomeric forms 
which in many cases showed tautomerism. Hantzsch, on the other hand, widened the 
experimental basis of his research in every possible direction, seeking in each class of sub- 
stances for its most stable member, and since he was convinced on general grounds that 
tautomerism played a great part in the reactions, allowed for this in his choice of experi- 
mental conditions and in the interpretation of hisresults. Gradually he built up a technique 
which, on the organic side alone, is a marvel of insight and ingenuity. Even more important 
historically is the decisive part played for the first time in this research by physical methods 
of investigating organic problems. Actually, only cryoscopic measurements and deter- 
minations of electrical conductivity were used at all widely, but these showed with certainty 
the presence or absence of electrolytic dissociation, the number of ions into which a molecule 
dissociates, the strength of the substances as acids or bases, and changes of electrolyte into 
non-electrolyte and the reverse—points which, in fact, were crucial. By 1902, after 8 years 
of intense activity, Hantzsch had arrived at the results expressed in the following table : 
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In 1912, an extensive investigation of the ultra-violet absorption spectra of azo- and diazo- 
compounds confirmed this scheme of structure in almost every particular. On one point 
there was divergence, for the only syn-diazotate stable enough for spectroscopic investiga- 
tion did not show the band found to be characteristic of the -N—N- group. To this 
extent the constitution of the most unstable class of diazo-compounds is uncertain. 

Until 1912 Hantzsch had to defend his views against many critics, and even aslateas 1930 
alternative formule were advanced. A point emphasised by British critics in particular 
is that Hantzsch’s formule are applicable to aromatic and aliphatic compounds equally, 
whereas only aromatic diazonium compounds can be isolated. On account of the absorp- 
tion spectra, which excluded the quinonoid formulation proposed by some British chemists 
but indicated a modification of the absorption of the aromatic residue, Hantzsch wrote 
the diazonium formula _ ‘ a which is not meant to imply any kind of bond between 
the aromatic residue and the nitrogen, but only that there is an interaction between the 
unsaturated nucleus and the unsaturated nitrogen which increases stability and is only 
possible in the aromatic series. Such ideas we shall see elaborated in the work on colour. 

The allocation of the ‘‘ syn ’’-configuration to the normal, unstable and reactive com- 
pounds, and of the “‘ anti’ to the stable iso-series rests mainly on the Wislicenus principle 
and on the view that the syn-compounds would have a larger energy content and so be 
more reactive. Since only the ‘‘ normal’’ compounds undergo the reaction Ar-N,-X —~> 
ArX + N, and only suitably substituted “ normal ’’ compounds undergo ring closure, ¢.g., 


\ a 
SH H 

—y.QH——> H,O + and — qn HO + 

| JN=n-on 2 ¢¢ . | Tx=n-on 2 cle y 


the “‘ syn ’’-configuration for the normal series appears to follow. But in view of 
Meisenheimer’s work on oximes these arguments can no longer be regarded as decisive. 
It is, however, interesting to note that the ‘ anti ’’-configuration of azobenzene, which, on 
Hantzsch’s view is indicated by its stability, is established by the zero value of its electric 
moment. 

Hantzsch completed his work on tervalent nitrogen by the investigation of the extremely 
unstable aliphatic diazo-compounds, and other related compounds such as hyponitrous 
acid and hydrazoic acid, in which he obtained results of much practical importance without 
any enlargement of general theory. 


Pseudo-acids and -bases. 


The investigation of changes in constitution during the formation of salts from 
tautomeric substances had formed an important part of the work on diazo-compounds. In 


1894 Nef advanced the formula RCH=N<O for the salts of nitromethane and nitro- 


ethane, and in 1895 Holleman had shown that the yellow solution of m-nitrophenylnitro- 
methane on acidification with hydrochloric acid retains for a time its yellow colour and shows 
an electrical conductivity greater than that of the sodium chloride in it, but that the colour 
and excess conductivity gradually disappear. Hantzsch in 1896 isolated acidic forms 
of phenylnitromethane and ~-bromophenylnitromethane, of which the former was inde- 
pendently obtained by Holleman. 

In 1899 Hantzsch published a paper dealing in a general way with the experimental 
characteristics of salt formation involving constitutional change. Of these the most 
important are: (a) abnormal neutralisation phenomena, 7.e., formation of a neutral 
substance by the action of an acid on a salt, or of a salt by the action of an alkali 
on a neutral substance; (b) the existence of a time factor in the processes mentioned in 
(a); (c) a change of colour on salt formation or the reverse; (d) a degree of hydrolysis 
of a salt less than that corresponding to the acidic properties of the substance from which 
it is derived—called ‘‘ abnormal” hydrolysis; and (e) absence of normal chemical re- 
actions, e.g., the absence of reactions with phosphorus pentachloride, phenyl tsocyanate, 
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and dry ammonia for substances which nevertheless give salts. Other methods were given, 
but these, like the chemical methods quoted under (e), were found in the course of the next 
few years to have no general validity, though of value since a result indicated by several of 
them could be accepted. The neutral substances which nevertheless formed salts Hantzsch 
called pseudo-acids, and corresponding criteria for pseudo-bases were formulated later. 

In 1904, contemporary chemists, who had accepted “‘ abnormal” hydrolysis without 
question as a necessary consequence of the existence of an acid and a neutral form, were 
greatly surprised by H. Kauffmann’s proof that it was incompatible with the law of mass 
action. The work of Ley and Hantzsch in 1906 showed that the difficulties of determining 
accurately the dissociation constants of pseudo-acids and the hydrolysis of their salts 
had not been sufficiently realised in the earlier work, and confirmed experimentally the 
conclusions of Kauffmann. Thus the most important tests for pseudo-acids (and bases) 
were the first three, and of the experimental methods for applying the first two, measure- 
ment of electrical conductivity proved most certain, particularly in the form originally 
used by Holleman, where the conductivity of a solution of equivalent amounts of the 
salt and a strong acid is taken immediately after mixing. For, if the change of true acid 
to pseudo-acid is immediate, the value found is that of the inorganic salt present ; if it is 
not immediate, the conductivity sinks gradually to this value. This method has the ad- 
vantage of giving information as to the strength of the pseudo-acid (or base) unless the 
intramolecular change is very quick. 

In this way Hantzsch showed that the true acids corresponding to pseudo-acids are 
often much stronger than the ordinary organic acids, and that the true bases methyl- 
quinolinium hydroxide, phenylmethylacridinium hydroxide, and many of the bases of the 
di- and tri-phenylmethane dyes are, at the moment of their formation, very strongly 
ionised. At varying rates these coloured ionised bases change into colourless non-ionised 
carbinols, the rate of change being proportional to the product of the concentrations of 
the coloured ion and the hydroxyl ion, as it should be on Hantzsch’s interpretation. The 
constitutional change which occurs when true bases change to pseudo-bases was found to 
occur also when the hydroxy] is replaced by certain other groups. In all cases it occurs 
with the cyanides and in the acridinium series it occurs also with the thiol and the phenyl- 
thio-group (SH and S°C,H;). The true bases were investigated at this time only in solution, 
but later a coloured base, which gave a coloured salt immediately, and a colourless base, 
which gave the coloured salt only slowly, were isolated from hexamethyltriaminodipheny]- 
naphthyl chloride by Noelting—a result comparable with the isolation of two forms of 
phenylnitromethane. 

In many cases where Hantzsch proved the existence of pseudo-acids or -bases, two 
alternative formule for the compounds had already been under discussion, and the advance 
he made was the demonstration of the existence of both forms and the determination of 
the condition of stability for each—a matter of primary importance in the interpretation 
of their reactions. But in some cases he found changes in constitution unsuspected until 
then, and proposed new formulz, with little supporting evidence. Thus for the salts of 
isonitroso-ketones he suggested at first the three alternatives :— 


ONa 
—t-one + 4 
—C—NO —C—N—ONa 
In the aromatic series a coloured Bi: was always given a quinonoid formula. Thus 


the nearly colourless base from phenylmethylacridinium salts was formulated as a carbinol, 
but the coloured bases from the azine dyes as quinoneimines :— 
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Hantzsch’s formule received much criticism. He had little difficulty in disposing of 
the suggestion of v. Baeyer and Villiger that what he had described as the “‘ true” bases 
of the triphenylmethane series were in reality Homolka bases, but though he advanced 
powerful general arguments against the carbonium bond theory of the same authors 
(1905)—according to which the slow colour change for, e.g., fuchsine was formulated 


where the wavy line indicates a carbonium bond, responsible both for colour and for 
conductivity, this type of formulation survived for some compounds for many years. His 
formulation of the dyes of the oxazine and thiazine series as ammonium salts led to a 
controversy (1905) with Kehrmann, A. G. Green, and others who preferred to formulate 
them as oxonium and thiazonium salts. In the end he admitted the possibility of the latter 
formulation for compounds of these series, but regarded it as improbable when the molecule 
contains an amino- or alkylamino-group. 


Colour and Absorption Spectra. 


The paper on coloured aci-nitro-ethers in 1906 may be regarded as the starting point 
of Hantzsch’s investigation of the problems of auxochromic action and colour. In his 
work on pseudo-acids Hantzsch had taken it as axiomatic that a change of colour which 
accompanies an apparently simple reaction such as salt formation or esterification is a 
certain sign that the reaction is not in reality simple but has involved a change of con- 
stitution. Similarly, having shown that unsubstituted aromatic nitro-compounds are 
colourless, and that the substitution of groups not subject to constitutional change in the 
nitro-compound does not produce colour, he attributed the production of colour by auxo- 
chromic groups to the formation of a quinonoid form. Thus trinitroanisole and o-nitro- 
anisole show no absorption bands, while the absorption spectra of the two corresponding 
coloured aci-ethers are practically identical and resemble those of the sodium salts of the 
corresponding nitrophenols. In the case of 2 : 4-dinitrophenol the light absorption of its 
solution runs parallel with its conductivity, which shows that the colour is due to the 
presence of a strongly acid aci-form. The coloured solid nitro-compounds, much less 
intensely coloured than their sodium salts, were assumed to be solid solutions of the aci- 
form in the colourless true nitrophenols. Since m-nitrophenols are themselves coloured 
and give coloured salts, Hantzsch felt bound to accept a quinonoid form for these also, 
even though no m-aci-ethers had been obtained and the existence of m-quinones was 
regarded as exceedingly improbable. 

These views were opposed by Kauffmann, who maintained that change of colour could 
occur without change of constitution, being due then to a change in the condition of the 
aromatic ring which could not be expressed in terms of ordinary valency and probably 
involved the sub-division of valency bonds. The best single example in favour of Kauff- 
mann’s view is nitroquinol dimethyl ether, which according to Hantzsch should be colourless 
and actually is so in hexane, but is coloured in alcohol and other solvents of high dielectric 
constant. It thus became necessary to define with accuracy the variation which a light 
absorption curve might show with change of solvent, degree of ionisation, polymerisation, 
etc.—in other words to find the limits of applicability of the generalised form of Hantzsch’s 
axiom, that change of absorption spectrum implied change of constitution. 

By 1912, from the investigation of substances saturated with regard both to ordinary 
and to subsidiary valency such as the ions MnO,’, CrO,’’, PtCl,’”’, Fe(CN),’”’,andCu(NH,),", 
Hantzsch found that within very wide limits of solvent and concentration, the light absorp- 
tion per molecule is constant, and independent of the colourless cation or anion. In some 
cases, both for ions and for neutral substances, small displacements of the absorption 
curves were caused by change of solvent and since in other cases these are entirely absent— 
e.g., the absorption curves of potassium permanganate in water, methyl alcohol, and 
concentrated sulphuric acid are identical within the limits of accurate measurement— 
Hantzsch assigned these slight displacements to the formation of solvates. That absorp- 
tion is independent of ionisation is well shown in the case of fulminic acid, and for certain 
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oxindone derivatives CgH,< C on>ck. for in these cases the hydrogen compound, the 


salts with alkali metals, and the esters gave practically identical absorption curves. From 
this work it followed (1) that whenever a substance shows more than a trifling change in 
its absorption with change of concentration or solvent a chemical change must be assumed 
which, if the change is small, is the formation of a solvate and if large a change of con- 
stitution, and (2) that when there is more than a small change of absorption on the form- 
ation of a salt or an ester a change of constitution has occurred. All Hantzsch’s subsequent 
work on chromoisomerism and on acids is founded on these two principles. 

Hantzsch’s interpretation of absorption curves also involved ideas for which less evi- 
dence could be given... Previous workers on absorption spectra had either followed Hartley 
in deducing similarity or difference of constitution from the resemblance or the difference 
of absorption curves, or, like Baly, had assigned a particular band, characterised principally 
by the frequency of its head and to a lesser degree by its persistence, to the occurrence of a 
particular atomic system in the molecule. For Hantzsch, the chief characteristic of an 
absorption curve was its form, and the preservation of the form of the curve through a 
series of compounds, even with considerable changes in its position on the frequency 
scale and in its persistence, was to him a proof of constant structure. Variation in per- 
sistence he attributed to changes in the position of equilibrium between two absorbing 
forms, and variation of the frequency of the head to secondary constitutional effects not 
capable of representation by ordinary structural formule. Only from an alteration 
in the form of the curve did he deduce a change of constitution in the ordinary sense. 

The main general result of Hantzsch’s work on absorption spectra, during which he 
examined hundreds of compounds, was to show that salt formation frequently produced a 
persistent band in the ultra-violet not given by the corresponding ester and usually not 
by the corresponding hydrogen compound. Thus acetoacetic ester in a number of different 
solvents shows general absorption intermediate between that of dimethylacetoacetic ester 
and ethoxycrotonic ester, which both show general absorption only—a result corresponding 
to the existence of the equilibrium 

CH,°CO-CH,°CO,Et => CH,°C(OH):CH:CO,Et 

But the salts of acetoacetic ester show a deep band which is largely independent of the 
metal. This indicated, according to Hantzsch, the production of a new constitutional 
type, CHEE o> Metal, called by him the conjugated aci-form. Here he was using 
a formulation previously applied by Tschugaeff in 1907 to one class of mordant dyes and 
by Werner in 1908 in a general theory of mordants. 

Similar evidence for the existence of conjugated aci-forms was found in dinitroparaffins, 
nitro-ketones, itsonitroso-ketones, nitrophenols, hydroxyazo-compounds, and in many 
other series where a salt-forming compound contains two reactive groups. But in addition 
these compounds show the phenomenon termed by Hantzsch chromoisomerism. Thus 
the simple aliphatic nitro-compounds give only one series of salts, but where a second 
nitro-group, or some other group broadly described as unsaturated, is present in the mole- 
cule in a suitable position, several series of salts distinguished by their colour may be 
obtained; ¢.g., 


Dinitroparaffins of type R-CH(NO,), give colourless, red, and yellow salts. 

Aliphatic «-nitro-ketones give colourless, red, and yellow salts. 

Nitrophenols give red and yellow salts. 

Dinitro-compounds of type NO,°C,H,°CH,*NO, give colourless, yellow, red, green, 
and violet salts. 


Usually each compound gives only one salt with a particular metal, but in a few cases 
two different salts are formed with the same metal, ¢.g., red and yellow potassium salts 
of tribromo-m-dinitrophenol, and red and yellow thallium salts of picric acid. In almost 
all cases the different coloured salts dissolve in any one solvent to give identical solutions, 
but the colour and absorption spectra of the solutions vary with the solvent. The red 
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and yellow potassium salts of tribromo-m-dinitrophenol undergo change in solution suf- 
ficiently slowly to allow it to be proved that both salts are unimolecular and ionised to the 
same extent. Since the colour of the solid salts is not always altered by different degrees 
and kind of solvation, Hantzsch argued that solvation is not the cause of the different 
colours in different solvents. 

For aliphatic oximino-ketones and their derivatives, such as diphenylvioluric acid, 
similar but even more extensive ranges of salts were found, including red, orange, yellow, 
blue, green, and violet salts. In general, for all the compounds which show chromoiso- 
merism, the stability of the deeper coloured salts increases with the positive nature of the 
metal, and the depth of colour in different solvents increases in the order phenol, chloroform, 
ethyl acetate, acetone, pyridine, and piperidine—+.e., from acidic to basic solvents. 

All the solutions of these salts show a deep band in the ultra-violet, characteristic in 
Hantzsch’s opinion of conjugated aci-forms. In the case of the dinitroparaffins this is the 
only band, corresponding to the fact that the symmetry of the compound allows of the 


conjugation in only one way to produce the ring R-C&y0 ae -, the variation in colour 
2 


of the salts being due to slight difference in the effect of different metals, which alter the 
extent to which the absorption penetrates into the visible spectrum. But for unsymmetrical 
dinitro-compounds, the band is found to alter its position in different solvents, a change 
which Hantzsch attributes to the possibility of two different conjugated aci-forms, and the 
number of chromoisomerides is correspondingly increased. For substances such as oximino- 
ketones, which themselves might exist in two different tautomeric forms each showing its 
own type of absorption, Hantzsch writes the formule 





O O.. H 
ba \cZ7 Metal te \Metal Ve 
é y. 
\N-OH(R) A ae J \nZ \no 
Leuco-salts. (a) (b) Unknown 
Esters. . v 4 nitroso-form. 
Free compound. Coloured salts. 


In this case the spectrum of all the salts shows the deep band in the ultra-violet corre- 
sponding to the conjugation, and a second band in the visible region variable in position 
and intensity, which for the blue salts resembles that of the blue nitroso-compounds 
and for the yellow and red salts that of true oximino-salts. Thus Hantzsch gave the yellow 
salts the formula (a) and the blue salts the formula (d), the intermediate colours being due 
not to equilibria but to alterations of the distribution of valency in the ring, giving forms 
which can be regarded as intermediate between (a) and (b) but cannot be formulated in 
any simple way. Hantzsch notes that ionisation without colour change cannot be explained 
on this formulation and also the further difficulty that, since in the case of the nitrophenols 
the absorption spectrum of the aci-ethers is practically identical with that of the salts, 
the alkyl group must be supposed to exert subsidiary valency. A further difficulty not 
mentioned by Hantzsch lies in the fact that salts with amines show chromoisomerism in 
no way different from those of the alkali metals, so that quinquevalent nitrogen also must 
be supposed to exert subsidiary valency. 

The results obtained with many groups of coloured substances were formulated on 
similar lines, but Hantzsch’s views on the actual significance of conjugation gradually 
changed. The conjugation in chromoisomeric salts was attributed to the operation of 
partial valencies in a manner already made familiar by Werner’s work. But in other cases, 
e.g., salts of hydroxyazo-compounds, aminoazo-compounds, and polynuclear nitro-com- 
pounds and the di- and tri-phenylmethane dyes, Hantzsch found in the absorption spectra 
evidence for conjugation which could only be expressed in formule by supposing that 
some kind of interaction took place between groups which were very far apart in the mole- 
cule and not otherwise known to possess partial valency. Thus the alkali-metal salts of 
mononitrotriphenylmethane give a band resembling that of quinone and quite different 
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from the much greater absorption shown by the salts of di- and tri-nitrotriphenylmethane, 
and Hantzsch formulated these compounds : 


(CgH;).C:C,H,:-NO,*Metal 
CoHy-NO, "Metal CoHy-NO, Metal 
CHOC Go-reNY € uZ * 4° € 


NO,’°C,H 
7 Nc sHyNO, , "\c HyNO, 


It is to be noted that the third nitro-group produced very little change in the absorption ; 
so the very great change in absorption in passing from the mono- to the di-nitro-compound 
must involve the formation of a new constitutional type in which salt formation involves 
two nitro-groups as expressed in these formule. For similar reasons the salts of the 
aminotriphenylmethanes were formulated : 


(C,H;),C:C,H,NR, 
vr EHgNRG 
\c,HyNR, 


In both sets of formule groups very far apart in the molecule are shown as directly 
affecting one another; in the second set the formule depend on the existence of salts in 
the undissociated state, and express conjugation between halogen and tervalent nitrogen 
for which there is no analogy in other work on partial valency. 

By 1919, Hantzsch’s view of conjugation was radically different from the one he had 
originally held. Referring to the two sets of formule just given, he wrote: “‘ The differ- 
ence between the quinonoid and the non-quinonoid part of the conjugated complex, ex- 
pressed in these formule, does not really exist, for in every other way there is identity. 
The formule can be simplified to 


NO,*C,H, CEE No’) Metal NR,-C,H, CK NRX 


but these omit altogether the quinonoid character, which is essential. Again, the third 
NO, or NR, is not totally unaltered or excluded from the conjugation, but at any point 
of time only’ two of the nitro-groups or two of the amino-groups are taking part in the binding 
of the metallic or acidic ions. Thus the simplest formule are C(CgH,NO,),Metal and 
C(C,H,yNR,),X, but this simplification must be taken as giving incomplete formule.” 
This passage makes it perfectly clear that Hantzsch no longer regarded conjugation as 
expressible by static formule involving partial valency, nor even as an equilibrium between 
various forms which could each be given a static formula, but as a state of the molecule, 
dependent on all its parts and requiring for its existence certain structural features. 

Some of these features had been recognised by previous workers on colour, for v. Baeyer 
many years previously had attributed the colour of the triphenylmethane dyes to a 
‘“‘rhythmic vibrational effect ’’ and Pfeiffer had advanced the meri-quinonoid theory. 
Hantzsch’s view may be said to include and supersede both these ideas, and it comes 
very near indeed to the most recent views on the subject. We know now that the positive 
ion of a di- or a tri-phenylmethane dye will not actually exist in the ordinary quinonoid 
form, for since only electronic displacements are involved when two of the aromatic nuclei 
interchange their quinonoid and benzenoid functions, resonatce must occur, and the ion 
will exist in an intermediate form of lower energy content, not expressible by ordinary 
structural formule. The inorganic ion will not be involved in the resonance, but since 
it is the organic ion which shows resonance, the presence of an ion of opposite sign is 
involved and this explains the necessity, which Hantzsch felt, of assigning a definite 
function to this ion. In the great majority of cases where Hantzsch wrote conjugation 
formule, we know now that resonance will occur. In conjugation he recognised clearly 
the existence of a new constitutional effect, and he realised experimentally some of the 
consequences of resonance long before its occurrence was deduced theoretically. That 
he should have been unable, as indeed we are to-day, to express ideas on this subject 
in terms of the conventional system of notation is less remarkable than his clear recog- 


C,H, “NR, Cl 
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nition of an unsuspected structural state. But because Hantzsch’s ideas went beyond 
the classical theory of structure, they were received rather as interesting speculations than 
as constituting a fundamental advance in molecular theory. 

The theory advanced to explain the colour of derivatives of triphenylmethane, accord- 
ing to which the deep colour of dyes is characteristic of molecules which cannot be repre- 
sented by a static formula, but which may be regarded as containing a quinonoid part 
and a non-quinonoid part between which there is the relation which Hantzsch calls con- 
jugation, can be applied satisfactorily to many other series, including the acridine, pyronine, 
azine, oxazine, thiazine, and azo-dyes. The colour of such substances as triphenylmethyl 
chloride he thought to be due to the presence of a form having the same constitutional 
features as the dyes but containing the carbonium ion. Thus (C,H;),CCl is colourless 
and in terms of his later nn is a en which changes over partly in certain 


solvents to the true salt, a -@ NA Cl, for he found that the colour and 


CH; 
electrical conductivity of triphenylmethyl chloride in different solvents varied together. 
On the other hand, he ascribed the halochromy of dibenzylideneacetone and the simple 
ketones to the formation of simple carbonium salts, e¢.g., for benzophenone in sulphuric 
acid to the presence of 


[HO-C(C,H;).]*HSO,- 
and in the case of the intensely blue salts of alloxantin, hydrindantin, and isatide, which 
chemically have considerable resemblance to the blue metal ketyls of Schlenk, he thought 
the colour to be due to the extreme unsaturation of uncharged tervalent carbon, thus : 
RN—CO RN—-CO O¢ NR 
O¢ --C—OMetal from OC ((OH)—C¢(OH) CO 


RN—CO RN—CO OC NR 


Alloxantin. 


50 Fy ot cor 
H K§-OMeta from KOH) ae (OH) 


AER arn 


AS OMetal an’ Soin Nom \NH 

—OMeta rom 

<F ww O° ee 
Isatide. 

In 1917 his last great research began with a paper on the ultra-violet absorption spectra 
of carboxylic acids and their salts and esters. Using accurate spectroscopic methods, he 
found that, whereas all the alkali salts of a particular acid are optically identical, and all 
the esters are optically identical, the two classes do not give the same absorption. The 
acids themselves show varying absorption, which is intermediate between that of the salts 
and the esters when they are examined in the pure state or dissolved in water or light 
petroleum, but identical with that of the esters when dissolved in alcohol or ether. Since 
light petroleum acts simply as a diluent, solutions in it give the same absorption spectra 
as the pure acids, which in general are different from those of aqueous solutions, though of 
the same type. But in one case—trichloroacetic acid—water and light petroleum give 
solutions optically identical with those of its salts in water. There is thus evidence of 
constitutional change in salt and ester formation, and of the existence of constitutionally 
different forms of the acid not explained by the usual formule or by ionisation. These 
forms Hantzsch thought to be 


R-C<O}H = and 9 R-CKp 


True acid and salt. Pseudo-acid and ester. 


HN 
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in the former of which the hydrogen atom is capable of direct ionisation, while the latter 
represents a pseudo-acid which is not directly ionisable, forming ions only after changing 
into the acidic form, with which it is normally in equilibrium. For similar reasons nitric 
acid was supposed by Hantzsch to exist as a true acid [NO,]H and as a pseudo-acid 
O,N-O-H, but other strong acids he regarded at first as wholly true acids. 

During the next ten years the whole range of organic and inorganic acids was investi- 
gated by means of their ultra-violet absorption spectra, molecular refractivity and electrical 
conductivity, by the relative stability of their salts as determined by indicator methods, 
by the relative stability of their compounds with water, alcohol, and ether, and by their 
catalytic effects on the rate of inversion of sucrose and on the rate of decomposition of 
diazoacetic ester. The range of solvents used was as wide as the properties of the sub- 
stance and the nature of the method in use would allow, and whenever possible, the pure 
acids were examined in the liquid or solid state. In 1927 Hantzsch summarised his results, 
and put forward his final views. 

The original hypothesis that some acids can exist in a true and a pseudo-form was 
given up in consequence of an investigation of the halogen hydrides, for Hantzsch found that 
in their physical and especially in their optical properties these acids are the inorganic 
analogues of their esters, the alkyl halides, and that they become optically identical with 
their alkali and ammonium salts only in aqueous solution, though approaching them in 
alcoholic and to a small extent in ethereal solution. Hantzsch explained these results 
by supposing that the halogen hydrides are pseudo-acids and that they can only ionise by 
reaction with a suitable solvent, forming with water a hydroxonium salt [H,O)X similar 
to an ammonium salt [H,N]X, with alcohol the salt [EtH,O]X, and with ether the salt 
[Et,HO}X, the degree of ionisation depending wholly on the extent to which these salts 
are formed. 

This work made it seem probable to Hantzsch that all acids might be pseudo-acids, 
and an examination of manv acids of the types XOH, XO,H, X.O,H, and XO,H confirmed 
this view. Thus the sulphonic acids, like hydrobromic acid, give a salt-like absorption 
in ether and are supposed to be present as hydroxonium salts R*SO,[HO(C,H;),]. They 
cannot be true acids, since in indifferent solvents like chloroform they do not give salt- 
like absorption and their strong association in such solvents indicates the presence of a true 
hydroxyl group, #.e., they are to be formulated as R-SO,°OH, not as [RSO,]H. A similar 
argument from association applies to iodic and metaphosphoric acids. There is no optical 
evidence for acids of the type XO,H, for the only example suitable for investigation, per- 
chloric acid, is optically transparent. But the high boiling point of the pure acid, 
indicating association, and the solubility of silver perchlorate in ether, benzene, etc., 
which indicates a non-polar structure of this salt, led Hantzsch to conclude that it must 
be formulated O,ClOH. In fact, according to Hantzsch, “‘ for the existence of free true 
acids there is no single favourable observation.” 

The often very considerable electrical conductivity of pure acids, originally quoted as 
evidence for the existence of an equilibrium between pseudo and true acidic forms, 
Hantzsch finally regarded as due to the formation of “‘ acidium ’’ salts from two (or more) 
molecules of the “‘ pseudo ”’ acid. Thus nitric acid, itself bimolecular, he believed to form 


“ nitracidium nitrate,” 
, aw OH 
(0,N—O—H), | NOs | | O=N<OH 


which confers conductivity on the pure acid and accounts also for certain features of the 
absorption spectrum. Similarly in sulphuric acid, the salts [SO,-OH]’[OS(OH),]° and 
[SO,-OH],’[S(OH),]** were supposed to be present. 

The case for the existence of such “‘ acidium ”’ salts is greatly strengthened by the isola- 
tion of salts formed from two separate acids. Hantzsch isolated the following compounds : 
[ON(OH),}*[C10,)}’, [N(OH)3]“[C10,]o’, [FH,][C10,]’, [FH] [BF,]’, [C,H,;O,][HSO,)’, and 
[C,H,O,][C10,]’. The first two were proved to be electrolytes in nitromethane, giving 
values of Ay 135 and 200 respectively. Analyses of the cathode liquid after electrolysis 
showed an excess of nitric acid which can only be explained by the presence of a cation 

3Y 
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containing HNO,. Cryoscopic evidence of the presence of a compound of hydrofluoric 
acid in concentrated sulphuric acid was also obtained. 

Regarding all acids as pseudo-acids, Hantzsch adopted as his criterion of acidity the 
relative tendency to form salts, and on this basis all the different methods he used agreed 
in giving the following order of acidity for monobasic acids: ClO,H > R°*SO,H > 
R‘SeO,H > NOH > CCI,°CO,H > CHCI,,CO,H > CH,Cl-CO,H > CH,Br-CO,H > 
CH,°CHBrCO,H > H-CO,H > CH,°CO,H > CH,°CH,°CO,H > Cl-OH. 

With water, acids give hydroxonium salts to an extent depending on their acidity, 
and the equilibrium reached, XH + H,O~ [X][H,0], which can be determined by 
conductivity, is for a weak acid a measure of its salt-forming tendency. Thus Hantzsch’s. 
order for weak acids is the same as that found by the conductivity method. But for acids: 
above a certain strength, the salt-forming tendency is enough to ensure that the acid. goes: 
over wholly into the hydroxonium salt, except in the most concentrated solutions, so that 
they all appear to be equally strong. Water thus produces a “levelling ”’ effect, but in 
other solvents differences persist which can be demonstrated by appropriate methods. 

It follows from the non-existence of true acids that, on salt formation, only metals 
more positive than hydrogen can give “true” salts, e.g., [Cl1O,]’K*, while other metals 
must give pseudo-salts, ¢.g., O,Cl-O-Ag, a view confirmed by refractometric measurements 
and solubility relations. The true salts Hantzsch thought to exist in aqueous solutions 
as ‘‘ aquo ”’ salts, e.g., [Metal (H,O),)X. The stability of pseudo-salts varies greatly; thus 
mercuric chloride and cupric chloride are not decomposed by concentrated sulphuric acid, 
and others such as aluminium salts go over in water immediately to true “ aquo”’ salts. 
Pseudo-salts are often soluble in organic media, as in the case of silver perchlorate and 
many of the ferric compounds derived from phenolic and enolic substances. Only in 
one case—mercuric cyanurate—has a salt been isolated in both “ pseudo” and “ true” 
forms, 

These views have been adversely criticised on the ground that the results from measure- 
ments of absorption spectra and refractive powers can be satisfactorily interpreted by the 
deformation theory of Fajans and the ionic association hypothesis of Bjerrum, which also 
explain the effects of the presence of other salts and the effects of different solvents on the 
absorption spectra of nitrates—effects of which Hantzsch took no account. On the other 
hand, the idea that nearly all oxygen compounds can act as bases, which Hantzsch first 
put forward in 1908 in connexion with his work on concentrated sulphuric acid and 
elaborated in his later work, is in agreement with the Brénsted—Lowry theory of acids, 
and the most recent work indicates that a quantitative interpretation of the properties . 
of acids in different solvents follows from the recognition that the process of ionisation of © 
acids involves reaction with the solvent. 


This review of Hantzsch’s chief researches can give only an indication of the magnitude 
of his contribution to chemistry, and though the inclusion of some of the many other 
important researches described in his 450 memoirs would add detail, the picture would: 
still be incomplete. For Hantzsch was a living force in chemistry, affecting his con- 
temporaries not merely by the actual content of his work but by the spirit and personality 
which the work expressed. A man of single purpose, a chemist subtle in thought and bold 
in experiment, an untiring pioneer in new fields, he was a leader and a prophet in his own 
generation. Succeeding generations inherit much from him; long may they honour his 
memory. 
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Modern Chemical Nomenclature. 
A LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY ON May 14th, 1936. 


By CLARENCE SMITH. 
“ DEAR SIR, 

Your paper entitled ‘ The preparation and properties of cyclohexane-l-carboxylic-2- 
acetic acid’ has not been recommended for publication, because the same acid has already 
been prepared by A. N. Other and described under the name hexahydrohomophthalic acid.” 

I wonder how many such letters were written before the days of formula indexes, how 
much unnecessary research work was done, how many exasperated authors exclaimed 
‘Why cannot we have a systematic international nomenclature.” For nearly 20 years, 
chemists of many countries have been trying to devise such a nomenclature, and to-night 
I will give an account of the agreement that has been reached. Could we but wipe out all 
the existing names and start afresh, it would not be a very difficult task to create a logical 
system of nomenclature. Half an hour after first seeing the rules of the international 
language Esperanto I wrote in that language to Dr. Zamenhof in Warsaw, asking to be 
enrolled as a member. We want something of the same kind in chemistry—a nomen- 
clature based on principles so simple that a few hours’ study would enable a chemist to 
write the name or the formula of any chemical compound of known constitution. We 
have, however, to suffer for the sins of our forefathers in chemistry : it would be impossible 
to expunge from the literature all their inconsistencies; in fact, one of the first things 
agreed upon by the International Union of Chemistry was that interference with the existing 
nomenclature should be as little as possible. 

Fifty years ago, the need for the revision of organic nomenclature had become so 
pressing that in 1892 a conference of 34 chemists, representing 9 European countries, was 
summoned at Geneva; it produced what is known as the Geneva nomenclature. To-day 
the problem is vastly more complicated, not only in organic but also in inorganic chemistry, 
and to deal with it there is the International Union of Chemistry representing 27 countries 
of the world. This body, formerly known as the International Union of Pure and Applied 
Chemistry, is an outcome of the Great War. During the war French and British chemists 
pooled their knowledge of the manufacture of explosives and munitions and the advantages 
accruing were so great that it was felt desirable, after the armistice, to continue the collabor- 
ation in the peaceful pursuits of science. Meetings were held in 1919 in Paris, London, and 
Brussels between representatives of Belgium, France, Great Britain, Italy, and the United 
States of America, and the International Union of Pure and Applied Chemistry was formed. 
Germany joined the Union in 1930. To-day its members are: The Argentine, Austria, 
Belgium, Brazil, Bulgaria, Canada, Czechoslovakia, Denmark, France, Germany, Great 
Britain, Greece, Holland, Italy, Japan, Norway, Peru, Poland, Portugal, Roumania, Russia, 
Spain, Sweden, Switzerland, the United States of America, Uruguay, and Yugoslavia. The 
reports of such a representative body of chemists are surely worthy of adoption. 

The tasks imposed upon itself by the Union included the reform of the nomenclature of 
organic and inorganic chemistry and of biochemistry. With regard to biochemistry I 
can say very little: after 10 years’ work the committee for the reform of the nomenclature 
produced a report which was submitted to the constituent countries of the Union for con- 
sideration. Only a few replies have been received and the proposals made in the report 
must be regarded as not yet having met with general acceptance. 


The Nomenclature of Inorganic Chemistry. 


The report of the committee for the reform of inorganic nomenclature was published by 
Marcel Delépine (Bull. Soc. chim., 1928, 48, 289) and by W. P. Jorissen (Rec. trav. chim., 
1929, 48, 652). Although Germany entered the Union only in 1930, she had been working 
independently on problems in nomenclature. A committee was appointed by the German 
Chemical Society in 1924 and its proposals were published by R. J. Meyer (Z. angew. Chem., 
1925, 38, 713; Naturwiss., 1926, 14, 269). Those proposals are included and enlarged in a 
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draft report by Dr. Meyer which is now before the International Union and of which I 
have made extensive use in this lecture. There are, therefore, two reports—the German 
report and that of the International Union. They agree on many points. 

Elements.—The symbols N for nitrogen and W for tungsten are now universally adopted. 
The French use of Az and Tu is abandoned. This leaves the symbol Tu available for 
thulium, at present denoted by Tm in the table of the International Atomic Weights 
Commission. Dr. Meyer considers the symbol Tm wrong, because the m belongs to the 
ending, not to the radical syllable, of the word. Agreement has not yet been reached on the 
names of elements 4, 41, and 86. It seems probable that the name beryllium will displace 
glucinum and radon will supersede emanation, but element 41 is still named niobium in 
this country and columbium in America. 

Compounds.—The principle adopted here is to establish names for classes of compounds 
and to discuss the names of individual substances only in special cases. 

Simple salts. These are named as salts of metals, not as salts of bases. The use of 
names such as bicarbonate of soda and sulphate of potash as scientific names is abolished. 
In France, chlorure de soude and chlorure de sodium were used indiscriminately, and in 
Germany schwefelsaures ammoniak and ammoniumsulfat. The names of simple salts will 
in future be based on the pattern sodium chloride, potassium sulphate. In the Teutonic 
and the Anglo-Saxon languages the parts of the name are given in this order, the positive 
component before the negative, and the formula is written correspondingly, NaCl. The 
name of the anion ends, as is usual, in ate, ite, ide, etc. In the Romance languages the 
name takes the form chloride of sodium: the logical French mind therefore writes the 
formula ClINa; the Italians write it NaCl. These, however, are minor differences; the 
important point is that in all tongues the salt is named as the chloride of sodium, not of 
soda. 

Compounds of non-metallic elements. Here again, as in the case of salts, the elements 
are named in the order of decreasing positive character. The order differs slightly in the 
two reports : 
German: As, B, Si, C, P, Te, Se, S, I, Br, Cl, N, O, F 
French: Si, C, Sb, As, P, N, Te, Se, S, I, Br, Cl, F, O 


So one gets the names boron silicide, not silicon boride ; selenium sulphide ; iodine chloride ; 
etc. Fluorine is definitely more negative than oxygen; the fluorine-oxygen compounds 
discovered by Lebeau, Damiens, and Ruff are therefore oxyfluorides, not fluoroxides. 

Naming of inorganic compounds by means of valency or by the stoicheiometric proportion of 
the elements. There are two ways of denoting the quantitative relations of the components 
of a molecule: (1) by the valency of one element, ferrous chloride, ferric chloride; (2) 
by the stoicheiometric proportion of the elements, manganese dioxide. The first method 
fails where an element occurs in more than two states of valency. A. Werner proposed to 
denote the valencies from 1 to 8 by the letters a, o, i, e, an, on, in, en, intercalated between 
the names of the metal and the acid component : cuprous chloride, cupra chloride; cupric 
chloride, cupro chloride. The proposal fails owing to language difficulties; it answers 
admirably in the German tongue for which it was designed, but in English the distinction 
between en and in is not very marked (compare benzene, pyridine) and in French and 
Italian with their chloride of copper the intercalation is impossible. It is proposed, there- 
fore, to denote the valency of a metal by a Roman numeral written or spoken after the name 
of the metal : ferrous chloride, iron II chloride; ferric chloride, iron III chloride; magnetite 
Fe,O,, iron II,III oxide. The proposal would be useful in indexing and in discourses. 
All compounds of ferrous iron would be indexed under iron IT, those of ferric iron under iron 
III. In discourses, if one were comparing a number of tervalent metals, instead of saying, 
as at present, aluminium, ferric iron, tervalent manganese, cerous cerium, one would say 
aluminium, iron III, manganese III, cerium III. The valency of a metal in a formula is 
denoted, as usual, by a small Roman numeral written above the line. 

The method of denoting the stoicheiometric proportion of the elements in a compound 
by means of Greek prefixes is retained, but it has been systematised and enlarged. The 
name manganese dioxide correctly designates the proportion of the elements, one atom of 
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manganese and two atoms of oxygen, but manganese heptoxide does not indicate two atoms 
of manganese and seven atoms of oxygen: the correct name is dimanganese heptoxide. 
With the discovery of the oxide NO, last year by Schwarz and Achenbach revision of the 
names of the oxides of nitrogen became necessary. The new oxide could not be named 
nitrogen trioxide, which was already used, incorrectly, to denote N,O3. It is proposed to 
replace the old names by a rational nomenclature : 


Old Name. New Name. 


Nitrous oxide Dinitrogen oxide 

Nitrogen trioxide (Nitrous anhydride) Dinitrogen trioxide 

Nitric oxide Nitrogen oxide 

Nitrogen dioxide Nitrogen dioxide 

Nitrogen peroxide Dinitrogen tetroxide 

Nitrogen pentoxide Dinitrogen pentoxide 
-= Nitrogen trioxide 


For numbers exceeding 12, Greek prefixes become cumbrous and are replaced by Arabic 
numerals; for example, a salt containing 13H,O is a 13-hydrate, not a triscaidecahydrate. 

Acid salts. The German report proposes to designate the ionisable hydrogen in salts 
by the term “hydro”: KHSQ,, potassium hydrosulphate ; Na,HPO,, sodium hydro- 
phosphate; NaH,PO,, sodium dihydrophosphate. The French propose the term acide : 
SO,HK, sulfate acide de potassium. 

Basic salts. If hydroxyl is certainly present, it is named hydroxo as it is in Werner’s 
notation for the co-ordination compounds of metals. There is no detectable difference in 
constitution between “‘ basic ’’ complex compounds and simple basic salts containing hydr- 
oxyl. It is illogical to name the radical OH hydroxo in the former compounds and hydroxy 
in the latter. Cr(OH)SO,, therefore, is chromium hydroxosulphate. The usual name 
oxy-salts is retained for basic salts not containing hydroxyl: bismuth oxychloride. In 
many cases basic salts can only be indicated by their formule. 

Acids. The names of all the important simple acids are retained. Some difficulties 
have arisen in connection with the prefixes ortho, pyro, and meta. The ortho-acid is the 
most highly hydrated acid known either as the free acid or as a salt or as an organic deriv- 
ative; e¢.g., orthophosphoric acid, H,PO,. Therefore, when Anschiitz and Broeker prepared 
esters of the hitherto hypothetical acid H;PO,, this acid logically should have become 
orthophosphoric acid. It was felt, however, that the name orthophosphoric acid for H,PO, 
had been established so firmly that it could not be changed without causing great confusion. 
The German report suggests the name holophosphoric acid for P(OH)<. 

A pyro-acid is produced from 2 mols. of the ortho-acid by loss of 1 mol. of water; 
H,B,0O, is therefore pyroboric acid. Yet the polyboric acid H,B,O,, of which borax is the 
sodium salt, is often called pyroboric acid. We name it diboric acid, and the German report 
proposes to do the same for the reason I will mention later. 

Of the oxy-acids of sulphur, only two call for mention here, H,S,O, and H,S,0,. The 
acid H,S,O03, formerly hyposulphurous acid, is now almost universally named thiosulphuric 
acid and its salts are the thiosulphates. Photographers, please note that hyposulphite of 
soda is now wrong in both parts of the name. The acid H,S,O, was originally named 
hydrosulphurous acid by Schiitzenberger under the erroneous assumption that its salts 
had the formula MHSO,. Bernthsen showed that the salts are M,S,O, and pointed out that 
the correct name for the acid is hyposulphurous acid. The common reducing agent Na,S,0, 
is therefore sodium hyposulphite, not sodium hydrosulphite; the latter name, on the 
German proposals, denotes the acid salt NaHSO,. 

Compounds of complex constitution. (a) Salts of iso- and hetero-polyacids. The expres- 
sion isopolyacid is used to denote the union that takes place between several molecules of 
one acid only by elimination of water. Heteropolyacids are similarly derived from several 
molecules of two acids. As the constitutions of the salts of both classes of acid are largely 
unknown, it is impossible to devise a scientific nomenclature. The salts of isopolyacids are 
denoted by names indicating by means of arabic numerals the molecular proportion of acid 
oxide and basic oxide. 
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Atomic formula. Molecular formula. Name. Various customary names. 

M,BO, 3M,0,B,0, 1/3-Borate Orthoborate 

M,B,O, 2M,0,B,0, 1/2-Borate Pyroborate 

MBO, M,0,B,0, 1-Borate or Monoborate Metaborate, Monoborate 
M,0,2B,0, 2-Borate or Diborate Tetraborate, Pyroborate 
M,0,3B,0, 3-Borate or Triborate Hexaborate, Triborate 
M,0,4B,0, 4-Borate or Tetraborate Octaborate, Tetraborate 
M,0,5B,0, 5-Borate or Pentaborate Decaborate, Pentaborate 
M,0,6B,0, 6-Borate or Hexaborate Dodecaborate, Hexaborate 


The Silicates. 


2M,0,Si0, 
3M,0,2Si0, 
4M,0,3SiO, 
M,O,SiO, 

3M,0,4Si0, 


1/2-Silicate 
2/3-Silicate 
3/4-Silicate 
1-Silicate 

4/3-Silicate 


Orthosilicate 
Pyrosilicate 


Metasilicate 


2M,0,3Si0, 3/2-Silicate 
M,0,3Si0, 3-Silicate 
Similarly also for tungstates, molybdates, vanadates, and vanadites. 
For naming the salts of heteropolyacids, including aluminosilicates, the German report 
proposes the adoption of Rosenheim’s system, in which numerals are used to indicate the 
proportion of the characteristic elements of the two acid oxides : 


* 3M,0,P,0;,24Mo0, Phospho-12-molybdate 
5M,0,P,0;,17WO, 2-Phospho-17-tungstate 
4M,0,Si0,,12WO, Silico-12-tungstate 
An analogous nomenclature is already used in English and French textbooks (J. W. Mellor, 
“A Comprehensive Treatise on Inorganic and Theoretical Chemistry”; P. Pascall, 
“ Traité de Chimie inorganique ’’). 

(b) Co-ordination compounds of metals. Werner's system is universally adopted in one 
form or another. The name to be given to NH, co-ordinated to the central atom is under 
consideration. At present it is ammine or ammino; this when spoken is almost indis- 
tinguishable from amine or amino, NH,. The French report recommends the name 
ammonio for NH,; the German report suggests ammoniak or ammane, analogous to 
methane, borane, and silane. 

The German report proposes that the components of a complex salt which are inside 
the co-ordination sphere shall be named in a definite order; first, the “ valency ” radicals 
chloro(Cl), cyano(CN), cyanato(CNO), thiocyanato(CNS), sulphato(SO,), nitro(NO,), 
nitrito(O-NO), oxalato(C,0,), and hydroxo(HO), then the ‘‘ neutral” radicals, aquo(H,0), 
substituted amines, and lastly ammino(NH,). The French scheme names the radicals in 
the order of increasing weight. 

Cationic complexes. The nomenclature is based on the preceding rules. 


[Cr(NH,),CI)Cl, 
English : Chloropentamminochromic chloride 
French : Dichlorure-chrome-III-chloro-pentammonique 
German : Chloropentamminchrom(ITI)-chlorid 
del Campo : Dichlorure de chloro-pentammine-chrome-III 


The French retain their practice of naming the anion of a salt first, and by means of the 
suffix ique they turn the name of the cation into an adjective. M.del Campo proposes to 
name the metal of the complex last, whereby the names of the cation become identical in 
French and German. 

Anionic complexes. One of Werner’s achievements was to show that there is no differ- 
ence in constitution between the simple salts such as potassium sulphate and the anionic 
complex salts. The names of the complex anions therefore end in ate.. Now a difficulty 
arises—how is the valency of the co-ordination metal to be indicated? The English 
nomenclature is deficient in precision : potassium chloroplatinate or platinichloride, potass- 
ium ferrocyanide—one cannot deduce the formule from these names, one has to learn 
them. The German is in a happier case. Kalium-hexachloroplateat: the suffix “at” 
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denotes an anionic complex, the intercalated “‘e’’ denotes quadrivalent platinum, there are 
six chlorine atoms—therefore the formula is K,PtCl,. Similarly, Kalium-hexacyano- 
ferroat: ‘‘at,” anionic complex; ‘‘o,” bivalent iron; six cyano-groups; therefore 
K,Fe(CN),. As I have already said, Werner’s scheme of denoting valency by intercalated 
letters cannot be used in France and Italy owing to the language difficulty. If one adopts 
the system used for the cationic complex salts, namely, Roman numerals to denote valency, 
one gets unpronounceable names such as potassium hexacyanoferr(II)ate. Dr. Meyer 
suggests placing the Roman numeral after the “‘ate,’’ potassium hexacyanoferrate II: 
thus one gets names which are pronounceable in all languages. 

Non-electrolytes. The preceding rules apply here also : [Co(C,0,)(OH)(NHs)g], oxalato- 
hydroxotriamminocobalt. Of course, the suffix “‘ ate,” which denotes an anionic complex, 
must never be used in naming a non-electrolyte. Moreover, non-electrolytes must not be 
named as though they were complex cationic salts; it is regrettable that such erroneous 
names have got into the literature. 


The Nomenclature of Organic Chemistry. 

A definitive report on reforms in organic nomenclature was issued by the International 
Union in 1930 and was published in our Journal (1931, 1610). Of the three reports on 
reforms in nomenclature, it is the only one upon which agreement is unanimous. Its 
object is to preserve as much as possible of the nomenclature in common use, to simplify 
it in some respects, to remove incorrect names, and to provide systematic names which will 
be comprehended by the chemists of all countries. A considerable part of the report is 
matter already familiar to you and I can deal with this very briefly. 

Hydrocarbons.—(1) Saturated hydrocarbons are indicated by the suffix ane: open- 
chain, alkanes; cyclic, cycloalkanes. 

(2) Unsaturated hydrocarbons : (a) With one, two, three, etc., double bonds: alkenes, 
alkadienes, alkatrienes, etc., and similarly for cyclic compounds, the suffix ene indicating 
the double bond. (b) Hydrocarbons containing triple bonds are indicated by the suffix 
yne : alkynes, alkadiynes, alkatriynes, etc. The suffix ine is reserved exclusively for amines 
and other basic substances. (c) Hydrocarbons containing both double and triple bonds are 
alkenynes, alkadienynes, alkenediynes, etc. (d) Aromatic hydrocarbons retain their 
customary names : phene may be used for benzene. 

These rules necessitate changes in the customary names of some substances: ¢.g., 
pyrane becomes pyran, and tolane becomes tolan; neither is a saturated hydrocarbon. 
They also enable one to decide which of two spellings is the correct one: CH,-CO, is it 
ketene or keten? According to the rules ene denotes an unsaturated hydrocarbon; the 
name must therefore be keten. 

(3) Branched-chain hydrocarbons: The name is determined by the longest chain of 
carbon atoms for saturated hydrocarbons and by the longest chain containing the greatest 
number of double or triple bonds for unsaturated hydrocarbons : 

5 3 2 1 
8 wf CH:CH-CH:CH-CH 
CHiy CH CHCHCR< Cir CH CHy-CHytH, 
6-Pentyldeca-2 : 4 : 7-triene. 

Because of the double bonds the substance is named as a derivative of decane even though 
there is a chain of eleven carbon atoms. The numbering is determined by the rule of 
lowest numbers, which requires that substituents and unsaturated bonds shall receive the 
lowest possible numbers. 

Where several chains are of equal length, the name is determined by the one allowing of 
greatest substitution : 


(Me,-CH,-CHMe-CH, 
9 8 7 
CH,-CHyCH,CH,-C-CHyCH, 
CMe,*CH,-CH,CH, 
4 3 2 1 
|’; 1’; 3’: 4; 4-Pentamethyl-5-ethyl-5-butylnonane, 
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There are three chains each containing nine carbon atoms. The chain C,—C, contains only 
four substituents and determines the name. The chain Cy—C, contains five, and C,—C,, 
seven, substituents. 

Alcohols.—These are denoted by the suffix ol: pentanol, pentanediol, pentanetriol, etc. 

Mercaptans.—Denoted by the suffix thiol: ethanethiol. The use of the name mer- 
captan as a suffix is abandoned. 

Ether Oxides.—These are regarded as alkoxyhydrocarbons : CH,°O°C,H;, methoxy- 
ethane. 

Oxygen linked to two of the atoms in a chain of carbon atoms is denoted by the prefix 
epoxy in all cases other than those in which a substance is named as a cyclic compound : 
ethylene oxide = epoxyethane, epichlorohydrin = 3-chloro-1 : 2-epoxypropane, tetra- 
methylene oxide = 1 : 4-epoxybutane. 

Sulphur Compounds.—The nomenclature of organic compounds containing sulphur is in 
a chaotic state. Consider, for example, the names thiophenol, C,H,*SH, thiodiphenyl- 


amine, CH <p > Coe thiourea, NH,°CS‘NH,; the same word thio denotes sulphur 


exercising three different functions. In the revised nomenclature *SH is thiol, -S- thio, 
CS: thione, -SO- sulphinyl, -SO,° sulphonyl, -S,° dithio: CH,°SO,°C,H,; methylsulphonyl- 
ethane, CH,°S°C;H, methylthiopropane, CH,°CH,°CH,°*SO-CH,°CH,°CH,°CH, propyl- 
sulphinylbutane, CgH,;°CS-C,H, diphenylthione. 

Aldehydes and thioaldehydes are denoted by the suffixes al and thial respectively, added 
to the names of the parent hydrocarbons. Acetals are 1: 1-dialkoxyalkanes. The use of 
the name carbamide for urea is abolished. 

Acids.—The rules of the Geneva nomenclature are retained. Where its use, however, 
leads to cumbrous names, the carboxyl group is regarded as a substituent and is denoted 
by the suffix carboxylic acid added to the name of the hydrocarbon. m-Butyric acid, for 
example, is butan-l-oic acid or propane-l-carboxylic acid. 

To denote the positions of substituents, the use of either Arabic numerals or Greek 
letters is permissible. This duality sometimes leads to error : 


a 3 2 1 
CH,°CH,°CH,°CO,H 
Y B a 


The carbon atom | is sometimes wrongly lettered «. 

Acids in which S replaces O in the carboxyl group are named according to the Geneva 
nomenclature; alternatively the substituted carboxyl group may be regarded as a sub- 
stituent : 

C,H;-*COSH C,H,;*CO-SH C,H,;*CS‘OH C,H;°CS,H 
Propane-thioic -thiolic -thionic -thionthiolic acid 
Ethane-carbothioic -carbothiolic -carbothionic -carbodithioic acid 
To illustrate the way in which the preceding rules are combined to produce official 

names, I have taken the somewhat fantastic formula 
1 
of Aches 2 CO,H 
be itn 
, 7 e 
én,-Co-CH,-CH — 
ios. 
CH-CH-CH,Cl 
8 9 10 
10-Chloro-8 : 9-epoxy-4-methylsulphonyl-7-propyldec-3-en-5-yn-2’-on-2-al-l-oic acid. 

Each syllable in the name has a characteristic meaning. 

(a) To get the name from the formula. First, one of the substituents is selected as 
the principal function. Carboxyl if present is almost invariably taken as the principal 
function and is given the lowest possible number, in this case 1. Next, the longest chain 
containing the principal function and the greatest number of the substituents gives the 
root name of the substance—decanoic acid. Finally, in a definite order (see p. 1076), the 
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numbers and names of the substituents and unsaturated linkings are inserted, as many as 
possible as suffixes. 

(6) To deduce the formula from the name. Look along the name and find the syllable 
that is not preceded by a number—dec (sulphony] is not preceded by a number, but it is 
obviously a part of a substituent). The termination of the name, oic acid, determines the 
principal function. Therefore, write a chain of ten carbon atoms, the first one as CO,H. 
7-Propyl: attach a chain of three carbon atoms at C,. Now insert the symbols of the 
remaining substituents and of the unsaturated linkings, add H’s where necessary, and 
the formula is complete. 

Nitrogenous Bases.—As I have already mentioned, the suffix ine is reserved exclusively 
for these compounds; even the historical name olefine now becomes olefin. Monoamines 
retain their customary names. Polyamines are denoted by the name of the hydrocarbon 
followed by the suffix diamine, triamine, etc. Ethylenediamine thus becomes officially 
ethanediamine. 

Pyrrol is a misnomer: the substance is a heterocyclic base, not an alcohol. This can 
be partly remedied by the addition of a terminal e, but the name is too well established 
to be altered much; it cannot be “ pyrroline’”’ because this has long been given to the 
dihydro-derivative. 

For aliphatic compounds containing quinquevalent nitrogen or its electronic equivalent 
the suffix ine becomes onium. For cyclic compounds containing quinquevalent nitrogen 
in the ring the suffixes ine and ole become inium and olium respectively. 

Organo-metallic Compounds.—These are designated by the name of the alkyl group 
linked to that of the metal: dimethylzinc, methylmagnesium iodide. If the metal is 
linked in a complex fashion, it may be regarded as a substituent; HgCl-C,H,°CO,H, 
chloromercuribenzoic acid. 


Table of Prefixes and Suffixes. 


Function. Prefix. Suffix. 
Acid Carboxy carboxylic or oic 
Alcohol Hydroxy ol 
Aldehyde Oxo, aldo (for O : aldehydic), or formyl (CHO) al 
Amine Amino amine 
Quinquevalent nitrogen onium, inium 
Carbonitrile (nitrile) Cyano carbonitrile or nitrile 
Ketone Oxo or Keto one 
Azo-derivative Azo 
Azoxy-derivative Azoxy 
Nitro-derivative Nitro 
Nitroso-derivative Nitroso 
Sulphinated derivative Sulphino sulphinic 
Sulphonated derivative Sulpho sulphonic 
Ether oxide Alkoxy 
Halogenide Halogeno 
Hydrazine Hydrazino hydrazine 
Double linking ene 
Triple linking yne 
Mercaptar. Mercapto thiol 
Ethylene oxide, etc. Epoxy 
Sulphones Sulphonyl 
Sulphoxides Sulphinyl 
Sulphides Alkylthio 
Urea Ureido urea 


Radicals.—Aliphatic hydrocarbons. (1) Loss of one hydrogen atom: alkane —> alkyl, 
alkene —-> alkenyl, alkyne —— alkynyl, alkadiene —-> alkadienyl. 

(2) Loss of 2H or 3H from the same carbon atom : alkane —> alkylidene or alkylidyne, 
alkene —-> alkenylidene or alkenylidyne. 

(3) Loss of 1H from each of the terminal carbon atoms of an alkane: ethylene, tri- 
methylene, tetramethylene, etc. 

Aromatic hydrocarbons. The names of univalent radicals produced by the loss of one 
atom of hydrogen from the ring will in principle be formed by changing the terminal ene 
into yl; xylene, xylyl. However, the names phenyl and naphthyl are retained, and I 
expect that we shall all continue to say tolyl instead of toluyl. 
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Heterocyclic compounds. For univalent radicals produced by the loss of one hydrogen 
atom from the ring, the names are derived by changing the termination or, where ambiguity 
would arise, the final e into yl: pyridine, pyridyl; pyrrole, pyrryl: pyrroline, pyrroliny]; 
triazole, triazolyl; triazine, triaziny]l. 

Numbering.—In denoting the positions of substituents, authors sometimes do not 
observe the rule that the lowest possible numbers shall be used. The compound (I) is 
1 : 2: 4-trichlorobenzene, not 1 : 3: 4-, because the sum of 1, 2, and 4 is smaller than the 
sum of 1, 3, and 4. 

According to the rule of lowest numbers, (II) would be 1 : 2-dihydroxybutan-4-oic or 
butane-1 : 2-diol-4-oic acid. Here, however, another rule takes precedence, namely, that 


Cl 
a) CY OH-CH,-CH(OH)-CH,CO,H_ (I) 
Cl 


CH,:CH-CH,°C:CH (IIT) 


the lowest possible number is given (1) to the principal function of a compound, (2) to the 
double bond, and (3) to the triple bond. By naming (II) as a butanoic acid, the carboxy] 
group is made the principal function; it must therefore receive the lowest possible number, 
and (II) is accordingly 3: 4-dihydroxybutan-l-oic or butane-3 : 4-diol-l-oic acid. The 
compound (III) is pent-l-en-4-yne, not pent-4-en-l-yne, the double bond taking the lowest 
possible number. 

The prefixes bis, tris, tetrakis, etc., are used in place of di, tri, tetra, etc., in complex 
expressions: dimethylamino «NMe,, bis(methylamino) (NHMe),, bis(dimethylamino) 


(NMey)9. 


Leaving now international nomenclature and turning to that used in this country, I 
will deal with various points that in my experience need comment. 
(1) No one nowadays would use the name sodium hydrate for sodium hydroxide, yet 


many authors write sodium ethylate for sodium ethoxide. 

(2) Petroleum ether does not contain oxygen; it is a mixture of hydrocarbons. Name 
it light petroleum and if necessary give the boiling point range. 

(3) Writing Formule in Line.—This space-saving device is based on rules which are 
apparently not understood by some authors. The dots, other than those in parentheses, 
denote the links of the chain, and atoms or radicals placed between one link atom and the 
next are directly attached to the former atom : 


OH-CH,-CO-CH(NH-C,H;)*C(:NH)-CCl, 


(4) Denoting the Names of New Compounds.—The indexer cannot be expected to know 
which of the compounds described in a paper are new ones and which are not. He must 
be told in some way. The convention used is to italicise (t.e., underline once) the name of 
a new compound the first time it is mentioned, both in the introductory and in the ex- 
perimental portion of the paper; further, the theoretical percentages of the elements are 
given in the form: such and such a formula requires C,—; H,—%. For known compounds, 
the theoretical percentages, if given, are put in the form : Calc. for such and such a formula : 
C,—; H,—%. Incidentally I may mention that the name of a new compound is not indexed 
unless the substance has been analysed : if a new compound is worth making, it is worth 
analysing. 

The first time one consults a formula index one realises the necessity of writing the 
symbols of a formula in a definite order: C,H,O,N,CI,Br,I,F,S,P, and the remainder 
alphabetically. It is astonishing how often this convention is ignored : the authors surely 
cannot be in the habit of consulting formula indexes, and yet this is the best way of ascer- 
taining whether or no a compound has already been prepared. 

(5) Isotopes.—The Society recently decided that the figures denoting the nuclear mass 
and the nuclear charge of an element shall be written both on the left side of the symbol ; 
«Be, 33As, *3Pb, in agreement with continental practice, 
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The only isotope at present requiring consideration from the point of view of nomen- 
clature is heavy hydrogen, 2H. On this question our Society and the American Chemical 
Society have been in correspondence. A committee appointed by the Council in 1934, on 
which our present President rendered valuable service, made the following recommendations: 

(a) That 2H be named deuterium and denoted by the symbol D (?H is a permissible 
alternative symbol). 

(6) Used as a prefix, deuterium becomes deutero, or deuter before a following vowel. 

(c) For purposes of nomenclature, deuterium be regarded as an entirely distinct element, 
like chlorine or sodium. The naming of deuterium compounds will then follow well- 
recognised rules. 


Sodium deuteroxide 1:2:3-C,H,;D,Cl 1-Chloro-2 : 3-dideuterobenzene 
Deuterium chloride ‘ Deuterium ethoxide 
Trideuterammonia Ethyl deuteroxide 
Deuteromethane *CO- Deuterium dideuteracetate 
af-Dideuterohydroxylamine 


(d) The deuterium analogues of frequently occurring groups might receive contracted 
names : 
Group. Name. Example. 
D,O (replacing H,O in hydrates) Deuterate Na,SO,,10D,0 Sodium sulphate decadeuterate 
D 
4 
No 
OD 
cl 
No 
ND, 
C. 
No 
Alk. OD Deuteralcohol C,H,-OD Ethyl deuteralcohol 


(6) The Notation of Optically Active Compounds.—In modern usage the letters d and / 
indicate the configuration of an optically active compound relative to that of d-glucose as 
the standard; they do not denote that the substance is dextrorotatory or levorotatory. 
A substance displaying dextro- or levo-rotation is indicated by the symbol + or — placed 
in parentheses before the name. As of old, 7 denotes the racemic mixture of two anti- 
merides, dl either the optically inactive conglomerate or mixed crystals of two antimerides, 
and 7 the internally compensated, non-resolvable form. The symbol d(—) is used in the 
Freudenberg notation to indicate a compound that has the dextro-configuration but dis- 
plays an actual levorotation, and similarly /(+) indicates a compound that has the 
levo-configuration but is dextrorotatory. 

Although d and / ought to be used only to denote configurational relationship, they 
are still sometimes used to indicate the direction of rotation. In order to avoid this con- 
fusion some authors use D and L to denote configurational relationship only. For example, 
levorotatory mandelic acid has the dextro-configuration; it is therefore D(—) mandelic 
acid. The benzoin derived from it is a D-benzoin which is levorotatory in acetone and 
dextrorotatory in piperidine. So here is one and the same substance which is D(—) 
benzoin in one solvent and D(-+-) benzoin in another. 

(7) The Naming of Compounds.—The fundamental rule is that an atom or a group is 
regarded as being substituted for hydrogen in a chain or a ring or for hydrogen in a radical. 
In the latter case the name of the substituent must appear in the name of the radical, not 


Deuteraldehyde CH,;-CDO Acetdeuteraldehyde 


Deuteracid CH,*CO-OD Acetic deuteracid 


Deuteramide CH,°CO-ND, Acetdeuteramide 


in the main name of the compound. For example, C He<E9>NMe is phthalomethyl- 


imide, the methyl group replacing hydrogen of the imido-group. (An “o” may always be 
inserted or omitted for the sake of euphony.) The substance having this formula is often 


wrongly named methylphthalimide. CHyMe<tp>NH i is methylphthalimide, the word 
methyl appearing in the main name because the group is substituted for hydrogen of the 
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ring. The correct name for the compound Cl-CO-OEt is ethyl chloroformate, chlorine 
being substituted for hydrogen in ethyl formate : the name ethyl chlorocarbonate indicates 
chlorine replacing the hydroxyl of a carbonate, which is contrary to the rule. 

According to the above rule, therefore, in naming a compound one mentally replaces 
the substituents by hydrogen atoms until one gets a suitable parent name. Take, for 
example, CH,*CO-CH,°CH,°O-CO-CH;. Replacing the acetyl group by hydrogen, one 
gets ethyl acetate; replacing the acetoxy-group by hydrogen, one gets methy] ethyl ketone. 
Which of these two names is selected depends on the nature of the subject under discussion. 
If ketonic properties are the main feature, the substance is named methyl £-acetoxyethyl 
ketone. If the ester character is to be emphasised, the substance is named 8-acetylethyl 
acetate. A foreigner probably could not interpret either of these names, but he would 
understand the international name, but-3-onyl ethanoate. 

In sugar chemistry one has to make an exception to the rule. 2: 4-Dimethylglucose 
(written as one word) would according to the rule denote glucose in which methyl is sub- 
stituted for the two hydrogen atoms attached to carbon atoms 2and4. Actually, of course, 
the methyl is substituted for the hydrogen of the two hydroxyl groups. The convention 
is to write the name as two words, 2 : 4-dimethyl glucose. In other cases, where methyl 
is substituted for hydrogen in hydroxyl or thiol or an amino-group the name may be made 
by writing O-methyl, S-methyl, or N-methyl, followed by the name of the parent compound: 
e.g., OMe*C,H,-CHO(2) must not be named methylsalicylaldehyde: it is o-methoxy- 
benzaldehyde or O-methylsalicylaldehyde. 

At the end of the Chemical Society’s Collective Index for 1913—1922 there is a list of 
the names and formule of nearly 400 radicals which is of great help in the naming of 
compounds. 

The radicals in the name of a compound should be given in the order shown in the 
following table : 

Table of Radicals. 


Order of the Radicals in Names of Compounds. 


* Closed-chain radicals precede open-chain radicals: e.g., benzoyl, acetyl; phenyl, methyl. 
Within the same section, (1) more saturated radicals precede less saturated: e¢.g., cyclo- 
hexyl, phenyl, styryl; (2) less complex precede more complex: e.g., phenyl, naphthyl; 


methyl, ethyl. 
Univalent radicals precede bivalent radicals: ethyl, ethylidene. 


(R = alkyl or aryl group). 


Examples: chloronitrobenzene, not nitrochlorobenzene; phenyl styryl ketone, not styryl 
phenyl ketone; bromohydroxyethoxybenzoic acid. 


The order may be changed to avoid ambiguity: e¢.g., phenyldichloroarsine, PhAsCl,, 
as dichlorophenylarsine might be C,H,Cl,"AsHg. 

Amido and amino: NHg is named amido if it is attached to a negative radical, and 
amino if attached to a positive radical: CH,*CO-NH is acetamido (not acetylamino), 
and CH,°CH,*NH: is ethylamino. 

Arsonic and arsinic acids. The names of an important class of compounds have been 
changed within the last few years, viz., acids of the type R-XO,Hg, where X is P, As, Sb, or 
Bi. The acid CgH,-AsO(OH), used to be named phenylarsinic acid. It is illogical, how- 
ever, that the same suffix inic should denote an acid of arsenic in its higher state of valency 
and an acid of sulphur not in its highest state of valency. The name arsinic acid has 
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therefore been given to the acids of tervalent arsenic, and the acids of quinquevalent 
arsenic are named arsonic acids, analogously to the sulphonic acids : 


C,H,°SO,.0H C,H,*AsO(OH), (C,H;),AsO-OH 


Benzenesulphonic Phenylarsonic Diphenylarsonic 


C,H,‘SO-OH C,H;*As(OH), (C,H;),As‘OH 


Benzenesulphinic Phenylarsinic Diphenylarsinic 


C,H;*S°OH . asa =" 


Benzenesulphenic 


Heterocyclic compounds. Regarding the most difficult problem of nomenclature, the 
naming of heterocyclic compounds, the International Union has at present done little 
beyond stating that the names of heterocyclic compounds which are universally adopted 
will be retained, that the hetero-atoms in a ring will take the termination “a’’ (oxa for O, 
thia for S, aza for N), and that names of heterocyclic compounds may be formed from those 
of the corresponding homocyclic compounds by insertion of the appropriate prefix. This 
rule is likely to be of great service. For example, the compound (I) is 2: 7 : 9-triazaphen- 
anthrene. 

The names and numbering officially used by the Chemical Society are those given in 
Richter’s ‘‘ Lexikon der Kohlenstoff Verbindungen.”” For modern requirements his system 
is unsuitable in some respects. For example, the pair of atoms common to two cyclic 
structures is not numbered and hetero-atoms are sometimes numbered (II) and sometimes 
not (III). In these days of fully hydrogenated cyclic compounds it is necessary to number 
every atom of a ring. 


160 


CH 
H 
(I.) (II) Coumarin. (III) Coumarone. 


\JCH te i 
CH 


Again, Richter’s system is sometimes illogical. Anthrapyridine (IV) would nowadays 
be named naphthapyridine, and naphthaquinoline (V) would be benzquinoline. More- 
over, in the course of years inaccuracies have crept into the literature. The task of re- 


ie D OMe 


2k 

oy Oe 0 
HO” ‘. rR 2 £ 1 

6/ YS XG, 


(V.) (VI.) 


forming the nomenclature of cyclic compounds is so difficult that one naturally shrinks from 
attempting it. We can, however, see to it that future names are constructed on sound 
principles. The best way of naming a polycyclic structure is to make the name from those 
of simpler structures which are universally accepted. For example, I will take one of 
Professor Robertson’s compounds (VI). This is a fusion of the chromone and the chromene 
structure and therefore the name is 7-hydroxy-7’-methoxychromeno-3’ : 4’ : 2 : 3-chromone. 
Named on the system proposed by the International Union of Chemistry, the compound 
would be 6-hydroxy-9-keto-4’-methoxy-4 : 9-dihydro-3 : 10-dioxa-1 : 2-benzanthracene. 
(Be) (B) () N O 
Hg Si P S 
Sn As Se 
Pb Sb Te 


I find that some authors are doubtful about the correct numbering of compounds of 
type (VII), where X and Y are hetero-atoms. The commonest hetero-atoms are shown in 
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the preceding table and the rule for numbering (devised by Prof. A. M. Patterson of 
Ohio, U.S.A.) is: the lower number is given to the hetero-atom of a higher group in the 
periodic table and (within the same group) of lower atomic number. Thus we get the 
names and numbering : 


N 


\ nN \, 
N 


Phenazine Phenoxazine 


Phenoxarsine Phenarsazine Phenoxtellurine 


Time does not permit me to deal more fully with the work of Prof. A. M. Patterson, 
who has spent many years in formulating rules for the numbering and the graphical 
presentation of cyclic structures. 

In conclusion, may I make a plea for the chemists of the future. For them the modern 
craze for brevity in names is storing up trouble. Fifty years hence, students will have to 
learn the empirical names and the formule of, possibly, thousands of compounds, and we 
now could save them all that mental labour by using systematic names instead of empirical 
ones. Tetralin and decalin are industrial names, but they have got into scientific literature 
because the systematic names tetrahydro- and decahydro-naphthalene involve the trouble 
of writing a few more letters. Recently I had to deal with the name thionessal, coined 
more than fifty years ago. How many of you could offhand give the scientific name and 
the formula of this compound? From what I have said to-night you might guess that it 
is an aldehyde containing the thione radical. You would be wrong. When the compound 
is named 2:3: 4: 5-tetraphenylthiophen, you all know what it is and can write the formula. 
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Synthesis in Biochemistry. 


THE FIFTH PEDLER LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
MAy 28TH, 1936. 


By RosBert Rosinson, D.Sc., LL.D., F.R.S. 


No pupil of Perkin could approach the task that lies before me to-day without recalling 
the memory of the first Pedler lecturer and of that fascinating account of pioneering 
synthetical work which he presented to the Society on May 30th, 1929, in his inimitable, 
lucid style. : 

Arriving in the research laboratory at Manchester toward the end of the period of 
terpene synthesis,* the main impression one received was of the conclusiveness of these 
achievements in relation to molecular structure and their complete lack of contact with 
biology. The very success of Perkin’s labours served to throw the laboratory processes 
and those occurring in the living cell into sharp contrast. In spite of the seemingly in- 
superable obstacles confronting the explorer of this region it became an object of investiga- 
tion to attempt imitations of biosynthesis, however far from the mark such attempts might 
eventually prove to have been. 

There was, and is, a further inducement to probe these mysteries in the circumstance 
that, marvellously adaptable as the methods of the classical organic chemist have proved 
to be, his successor encounters many synthetical problems of such intrinsic difficulty that 
the only hope of a solution appears to lie in the use of Nature’s key. It may be only a 
skeleton key and a good deal of fumbling may be necessary before it can be made to work. 
Thus the elucidation of the course of biosynthesis, always a preoccupation of the physio- 
logical chemist, is also an interest of the pure organic chemist whose aim it must be to 
find the synthetic reactions which can be effected in aqueous solution at the ordinary 
temperature and with the help of mild reagents only. 

Furthermore, comparisons and analysis of the molecular structures of the more complex 
plant products have revealed in many cases the architectural plan and have given clear 
indications of the nature of the units used in the building. This is particularly true of the 
alkaloids, the colouring matters, and the terpenes and polyterpenes. 

I can attempt no complete account of the approaches that laboratory syntheses have 
made to those occurring in plants, and will mention only a few aspects of the topic which 
happen to have interested me. In any case it must be confessed that only a beginning 
has been made towards the realisation of our ambitions and I am more interested in 
advocating a point of view than in recording achievements that may be credited to those 
who have adopted it. Hence I may perhaps be allowed to follow the thread of some personal 
experiences, including many disappointments, so that the standpoint may be made clear. 

In 1910 the synthesis of di-narcotine was effected in poor yield by the condensation 
of cotarnine and meconin 3 and in connection with the subsequent improvements of the 
process the opportunity was taken to study more closely the facile condensation reactions 


of cotarnine and other pseudo-bases.? 
OMe 


\OMe 
MeO CH-OH CO OMe 


Co 

Cc H, — + Pa Me H—O 
Je 2 * MeO CH 
CH, 


Cotarnine. Meconin. CH NMe + H,O 


: dg 
CH, 
Gnoscopine (dl-narcotine). 
* The term “ synthesis ” in this lecture always connotes synthesis of natural products. It is not 
‘used generally to include, for example, synthesis of dyes, drugs, etc. 
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In this matter we were following Liebermann’s lead, but some of the new condensations 
that were encountered proceeded with striking ease and it was natural to speculate on the 
mechanism of the processes involved as well as on the possible réle of analogous reactions 
in Nature. An example is the formation of anhydrocotarninenitromethane, which goes 
to completion in a few seconds in cold alcoholic solution; the reaction may also be con- 


ducted in aqueous solution. 
CH,"NO, 


MeO CH:OH MeO CH 


—O@ cits + CH,;NO, —> OG \NMe +H,0 


Other substances Pa which cotarnine readily condenses are hydrogen cyanide, alcohol, 
mercaptan, acetone, acetophenone, ethyl malonate, phenylacetonitrile, 2 : 4-dinitro- 
toluene, indene, fluorene, isatin, and many others. 

Professor A. Lapworth saw in these rapid condensations a clue to the mechanism of the 
Knoevenagel reaction (catalysis by secondary bases), and he recognised the cation of the 
unsaturated ammonium hydroxide form as the reactive condition of the system : 


—CHO cae OH —» —CH —C HX 
oe, FRM Unsaturated ammonium Condensation product. 
hydroxide. 
In the Knoevenagel reaction there is a further stage in which the secondary amine is re- 
generated, but in the cotarnine condemsations the ring structure has a stabilising influence 
and this elimination does not supervene. 

The next step was the attempt to find further analogies for the cotarnine condensations 
in the behaviour of much simpler pseudo-bases; I say further analogies because the forma- 
tion of the nitrile of an «-amino-acid from an aldehyde and ammonium cyanide is obviously 
similar to that of cyanohydrocotarnine from a cotarninium salt and a cyanide. 

Thus cotarnine reacts with alcohols and mercaptans, and McLeod and (Mrs.) G. M. 
Robinson ® were able to show that a mixture of a secondary base and formaldehyde, which 
doubtless contains the carbinol-amine, NR,°CH,°OH, likewise condenses with alcohols 
and mercaptans, affording the new acetal-like types NR,-CH,°OR and NR,°CH,’SR. 

Mannich has made further applications of the same fundamental idea in coupling 
substances containing the ketomethylene group with aldehydes (especially formaldehyde) 
and secondary bases; * for example, 

CH,°CO-CH, + CH,O + NHEt, —> CH,’CO-CH,°CH,'NEt, 
which is analogous to the formation of anhydrocotarnineacetone. The possible significance 
of the carbinol-amines in phytochemical processes was not overlooked and it was noted 
that the alkaloid hygrine could be dissected by imaginary hydrolysis reversing a presumed 


synthesis : 5 


CH,—CH, CH,—CH, 
CH, CH-CH,,CO-‘CH, <— CH, CH-’OH CH,°CO-CH, 


ite Wie 


Hygrine. 
Tropinone and pseudopelletierine were also recognised as of similar possible construction : 


CH—CH, ag -OH CH, my HO-CH—CH, CH,—CH—CH, 


Ctl ae ro 5 ine O NMe CH, O NMe CH, 
2 


Gr 
\CH—CH, Ny. OH o be ars 8S H, H—CH, 
a 








Tropinone. 
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It is only recently that it has been found possible to realise this type of synthesis in the 
case of hygrine,* but the validity of the tropinone and pseudopelletierine dissections 
was easily demonstrated. The carbinol-amines in these cases are evidently those derivable 
from methylamine, succindialdehyde, and glutardialdehyde respectively, 


/ BO H-OH 
eH 4+NH,Me —> eH NMe 
\cHO H-OH 


and it was found that tropinone could actually be obtained by condensation of succindi- 
aldehyde, methylamine, and acetone. The yield was very unsatisfactory, but could be 
greatly improved by the use of a reactive derivative of acetone, especially acetonedi- 
carboxylic acid : ® 


HOH CH, the F H—CH: Or BCH, 
eH NMe + i fc —> Ue nme cdi? NMe CO 
2 


J 


\GH-0n a ty nc mae H-CO, \\CH—CH, 


Pseudopelletierine, unlike tropinone, is a naturally occurring base and it was synthesised 
by substituting glutardialdehyde for the succindialdehyde in the above scheme.’ 

A still closer approach to a possible phytochemical synthesis was realised in the joint 
oxidation of the ammonium salts of Sérensen’s ««’-diaminoadipic acid and citric acid by 
means of hydrogen peroxide in aqueous solution. The product was nortropinone, which 
is accessible from tropine by successive oxidations with acid permanganate and chromic 
acid. The yield was small, but was a little better when ready-formed acetonedicarboxylic 


H(NH,):CO,H H-OH  CH,CO,H CH,CO,H 


Hi 
H _ . NH 0 <— ((OH)-CO,H 
\CH(NH,):CO,H \ Gon H,CO,H —CH,-CO,H 





bs 


Chole ABT ar 
2 NMe ir = ae i E 
Xd 

\ Ga H, AG H, 
at norTvopine. norTvopinone. 


acid wasemployed. Ornithine could not be used instead of diaminoadipic acid, and experi- 
ments on the oxidation of hygrine to tropinone in the hope of realising the annexed scheme 
have been fruitless up to the present. 


cH 


H—CH, 


A 
ot dis > a ta i; —> (fj? NMe Co 
\ H, CH, ne ‘OH CH, \ H—CH, 
Hygrine. Hypothetical oxidation product. Tropinone. 
* It is hoped that an account of experiments on the products of oxidation of various mixtures of 


an amino-acid with a reactive derivative of acetone will shortly be submitted to the Society. A 
synthesis of d/-hygrine on these lines has proved feasible. 
3Z 
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It is not very venturesome to predict that such transformations as that of hygrine to 
tropinone will eventually be realised, but in spite of the attractive nature of the hypotheses 
connecting ornithine with tropinone and lysine with pseudopelletierine, the assumption 
of biogenesis from the diaminoadipic and diaminopimelic acids is certainly in better accord 
with the experimental models. The constitutions of the alkaloids of Lobelia, worked out 
by Wieland and his co-workers, are of much significance in this connection because they 
afford clear indications of the occurrence of chains longer than that of hexane in the amino- 
acid section of the molecules.* It may be necessary to revise the view that lysine represents 
a modified hexose unit and to adopt the working hypothesis that it arises from two mole- 
cules of a triose and formaldehyde (or equivalents of these substances) as shown below : 


CH,(OH)-CO-CH,‘OH + CH,O + CH,(OH)-CO-CH,-OH —> 
CH,(OH)-CO-CH(OH)-CH,*CH(OH)-CO-CH,-OH —> 

CO,H-CH(NH,)*CH,*CH,°CH,*CH(NH,)*CO,H —> 
CH,(NH,)-CH,°CH,*CH,*CH(NH,)*CO,H 


In the case of diaminoadipic acid and ornithine the two molecules of the triose would be 
coupled by oxidation instead of by condensation with formaldehyde, or alternatively a 
hexose might be oxidised and transformed. It must again be emphasised that all such 
schemes are regarded as too simple in the detail and that they are only advanced in broad 
outline. 

Striking advances in this field are due to Professor C. Schépf of Darmstadt, who has 
studied the effect of varying the f, of the solution on the nature of the products and the 
yields in aldol condensations, Friedlander quinoline syntheses, the tropinone synthesis, 
and related carbinol-amine condensations. Schépf and Lehmann found that 2-n-amy]l- 
quinoline, which is one of the minor alkaloids of angostura bark, could be directly obtained 
in 70—75% yield by the condensation of o-aminobenzaldehyde with u-hexoylacetic acid 
at py 7—9. This decarboxylation is remarkable and does not occur at py 13.° 


CHO CO,H 


fi pu 13 O,H 
COCH,]yMe eH, 
NH No 


5H, 
8 N 
4 


| pu 7—9 





It may be noted that m-hexoylacetic acid is the B-oxidation product of m-octoic acid and 
that the ketone obtained on decarboxylation, namely, methyl m-amyl ketone, has been 
recognised as a constituent of certain essential oils. The tropinone and pseudopelletierine 
syntheses also proceed directly at the appropriate #g, and the tables show the yields of 
these bases obtained as the result of spontaneous decarboxylation. A citrate buffer was 
employed.” 


M /40-Succindialdehyde, M/25-methylamine, M/25 (at py 5, M/12)-acetonedicarboxylic 
acid, M/10-buffer; 3 days; 20°. 


13 
3 


M/80-Glutardialdehyde, M/40-methylamine, M/40-acetonedicarboxylic acid, M/30 
buffer; 8 days; 25°. 
3 9 11 13 
40 37 54 


It is significant that the optimum y is a little on the acid side of neutrality, a condition 
satisfied by the cell sap of most plants. A further point is that the cocaine group of bases 
probably arises from a protected acetonedicarboxylic acid and most plausibly from methy] 
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hydrogen acetonedicarboxylate in view of the carbomethoxy-group occurring in the 
alkaloids. 


AHOH CH,CO,Me /AB-CHCO.Me 
cH Ne CO —> {hh Me Co —> cocaine 
2 
he -OH bes, [CO,]H \CH—CH, 


. we FF SOR OSS Slee wD 


In the pseudopelletierine synthesis at fq 7 it was possible to raise the yield to 95% 
of that theoretically possible by working in more concentrated solutions (M/12 of 
dialdehyde). 

A further very interesting development was the synthesis of lobelanine from glutardi- 
aldehyde, methylamine, and benzoylacetic acid at pg 4. The yield was 55%, but was 
only 1% at pg 2 and no product was obtained at py 9. 


CO,H 
CH,—CH-OH CH,-COPh CH,—CH-CH,-COPh 
CH * hes NMe op CO NMe 4 2H,0 + 2CO,. 
CH,—CH-OH CH,-COPh CH,—CH-CH,°COPh 
CO,H 


—_— — CY 


S The base isolated was the naturally occurring cis-isomeride. 

e Another alkaloid which has been synthesised by a method probably analogous with the 

, natural process is aribine (harman), but this statement only applies to the later stages 

} because we use ready-made tryptophan, which can be artificially prepared but only in 

4 the old brutal way. And here it must be said that one of the most serious gaps in our 

d knowledge of biosynthesis is in connection with the aromatic nuclei. It is easy to imagine 
schemes for the condensation of hexose units to benzene rings, but the transformations 
have only been carried out in the laboratory in isolated instances. The most successful 
and significant practical efforts in this direction are still represented by the pioneering work 
of J. N. Collie on the so-called polyketens, and their conversion into a variety of aromatic 
substances.14_ Reverting to aribine, this base was obtained by the oxidation of the con- 
densation product of acetaldehyde and tryptophan.!2 The intermediate has recently been 


CH, 


\\CH-CO,H N H-CO,H 
On ee Oe 


le NH CHO-Me NH CHMe 
of Tryptophan. 





ic 


Aribine. Eserine. 


isolated by Jacobs and Craig.1* Here again a closer approach to natural conditions can be 
made and aribine was obtained by the oxidation of a mixture of tryptophan and alanine. 
(The constitution of eserine is figured above in order to illustrate its relation to tryptophan. 
Evidently the NH-C:C of the indole-amino-acid can be C-methylated in Nature and the 
process resembles that responsible for the introduction of the characteristic methyl group 
of corydaline. Doubtless the latter group owes its presence to C-alkylation of the system 
= N-C:C in a base of dihydroberberine type. Both natural C-methylations can be closely 
- paralleled in the laboratory, but we cannot identify the natural reagent, although it is 
possibly formaldehyde and a reducing substance.) 


30 
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The loss of the carboxyl group in the above processes is in accord with analogy. 
Thus dihydroflavindine affords quindoline when its alkaline solution is shaken with air : 


CO,H 


CH NH NH 
¥. oO 7 + CO, 
p- sens + H,O 
H N 
Dihydroflavindine. Quindoline. 


Very similar in principle are the attempts that have been made to provide experimental 
models for Winterstein’s view of the biosynthesis of the isoquinoline alkaloids which is 
represented below. 


OH OH OH 
(px (oH Bu 
Hy CH, CH, 
CH(NH,)-CO,H CHO cc 
@ NH, , HO NH, O46 \NH 
HO), CO.H > H —> s 
\ /CH-CO,H \ He . Hy 
CH, ch, CH, 


Spath and Berger ™ realised the following scheme : 
OMe 






OMe 


OMe Me 











H, 
CHO 
MeO NH, MeO Nv Me \NH 


MeOL CH Me CH Me H 
YO Nae Y a, 
CH, CH, CH, 


H, —_ H, 
CH 


They worked, however, in strongly acid solution and heated the mixtures on the steam- 
bath; hence interest attaches to similar experiments of Hahn and Schales,!° who used the 
methylenedioxy-analogues in dilute aqueous solution at 25° and fg 5. They isolated the 
bis(methylenedioxy) benzyltetrahydroisoquinoline in 5% yield. High yields (up to 83%) 
are claimed by Schépf and Bayerle in the synthesis of norsalsoline (morcarnegine) at 25° 
in dilute aqueous solution at pg 5.1* 


CH, CH, CH, 
HO \cH, H \cH, HO \cH, 
H NH, H /NH Me /NH 
OCH-Me CHMe CHMe . 
norSalsoline. Salsoline. 


It must be admitted that the main lines of these biosyntheses have been correctly 
identified, but many difficult problems remain. Thus inspection of the constitution of 
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glaucine and its analogues of the aromatic phenanthrene sub-group of the isoquinoline 
alkaloids certainly suggests a simple dehydrogenation of the laudanosine type. 


MeO MeO 
MeO “O): 
es e 
H 
Me \NMe Me \NMe 
Me CH Me H 
F es 2 
cu, cil 
Glaucine. Laudanosine. 


This will surely be realised in due course, but in the meantime we have found that 
laudanosoline (the tetrahydric phenol corresponding to laudanosine) is oxidised by chloranil 
in the presence of an acid in an entirely different manner.1? 


OH OH 
OH OH 
CH, A, 
CH CH 
H \nMe #x+0 oH \NMe}X + H,0 
H Jie H /is 
CH, cH, 


A little later Schépf and Thierfelder published their independent work on the same 
subject; they used tetrabromo-o-benzoquinone as the oxidising agent, alternatively 
platinum as dehydrogenating agent, and attributed the same constitution to the 
product.18 

These results recalled the work of Raper on the oxidation of tyrosine and dihydroxy- 
phenylalanine in the presence of tyrosinase in which a similar formation of an indole 
nucleus was observed : 1” 


CH, 
\CH-CO,H __, H \CH-CO,H 
H NH, H NH, 
CH, CH, 
\CH-CO,H _. \CH-CO,H 
NH, H NH 


We need not be too much discouraged by our failure to find the appropriate specific oxidising 
agent, and it would be premature to abandon the search for it. 

Not wholly unexpected lack of success has also attended attempts to copy what we 
conceive to be Nature’s way of constructing the morphine-thebaine ring system. In- 
spection of the thebaine molecule leads to the conviction that it must be derived from a 
base of laudanosine type by dehydration, and a coupling of the two aromatic nuclei 
analogous to polymerisation of unsaturated substances. A certain doubt is engendered, 
however, by the circumstance that the orientation of the substituents in the laudanosine- 
type base is unusual, and in view of the prevalence of molecular rearrangements in this 
region of chemistry we elected to test a case in which the substituents are normally situated. 
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This is provided by the alkaloid sinomenine, a knowledge of the constitution of which 
we owe to Kondo and Ochiai and to Goto. The so-called protosinomenine was 


Me Me , shin _— 
H H 
4 a vs 


O Zi 


\ 2 Ng Nate AW \ Tie cH 
nod EN 





r cH, | —CH, 
MeO CH CH Me 


Not NA H ws ia 


Thebaine. Laudanosine-type base. 
synthesised 24 and experiments on its possible conversion into sinomenine are still in 


progress. 
ON MeO 
H 


a 
—s 
AN? \ wate 
4 [-—tn, 


Hy 
“we 


Protosinomenine. 


This unfinished work is mentioned in illustration of the conviction that the most 
difficult synthetical problems can be solved only after an attentive study of the probable 
way in which the different parts of the molecule have been fitted together. 

This brief sketch of the attempts which have been made to follow Nature’s methods 
in the alkaloid field must end here, but not without acknowledgment of the parallel investiga- 
tions in other branches of the chemistry of natural products. Especially interesting are the 
experiments on the polymerisation (and hydration) of isoprene from Tilden to Ruzicka 
and Wagner-Jauregg, and on the condensations of unsaturated aldehydes such as croton- 
aldehyde to normal chains from Smedley-Maclean to Kuhn and F. G. Fischer. 

We have travelled far since 1828, and the interest formerly attached to “ total synthesis ”’ 
has disappeared. The point of a total synthesis is no longer the demonstration that 
the natural product can be artificially prepared; it is confined to the proof afforded of a 
molecular structure. The recent brilliant researches of Ruzicka * and of Butenandt * 
on the transformations of the sterols into hormones and on the modifications of the sex 
hormones themselves are outstanding examples of the value of part syntheses starting with 
substances of known constitution, although not yet artificially prepared. 

Apart from the confirmation of molecular structure, the synthesis of natural products 
has other valuable functions in biochemistry. It is useful, for example, in confirming 
physiological activity, because the observed properties, say, of a specimen thought to 
be a pure hormone or vitamin may be due to traces of intensely active impurities. From 
this point of view a synthesis of linoleic acid is desirable. Again, syntheses such as those 
of the anthocyanins give possession of standards which can be used in the examination 
of further plant material. Another example is afforded by the long-chain aliphatic sub- 
stances, because in this instance pure synthetic specimens are absolutely necessary in 
order to standardise cryoscopic behaviour and the spacings of crystal lattices as determined 
by X-ray diffraction. Chibnall’s recent studies of the constituents of waxes represent the 
most complete survey that has been made on this basis.** But no attempt can be made 
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even to summarise all the manifold applications of synthesis in biochemistry, and I will 
turn to a problem very much in the minds of many of us at this moment, namely, the 
contribution that synthesis may make to our knowledge of the sterols and sex hormones. 

One might regard this as the present-day task of the organic chemist of the classical 
tradition; it lies well within his scope and, taking into consideration the ever-increasing 
realisation of the physiological importance of the group, it may be thought a worthy 
object of investigation in spite of the undoubted fact that it must take time and absorb 
energy that can ill be spared. It is hardly open to question that the classical organic 
chemist with his battery of Grignard, Friedel-Crafts, and other non-biological reactions 
will ultimately overcome the obstacles presented by the two angle-methyls of the sterols 
and by their stereochemical relations and general complexity, and it is certain that the 
sterols and sex hormones will be synthesised if the present interest is maintained. Never- 
theless, the game will only be worth the candle if it leads to an enrichment of our knowledge 
of organic chemistry itself, commensurate with the prodigious effort which will be required. 

At the Dyson Perrins Laboratory we have adopted a dual policy. The relatively 
simple problem of the female sex hormone is being attacked by the usual methods and as 
the result of the work of E. Schlittler and J. Walker the following processes have been 
realised : 25 


MeCO is 
it CH alien Et cory” 8 Et 
CH, ,*CO-C-CO, ; 
™ Ls F CH,-CH,-CO,Et e \cH, 
CH, e AE 
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Oestrone. 


The rings appear to be fused in the ¢rans-position, so that the completion of the synthesis 
depends on the isolation of the ester last-figured in the correct stereoisomeric form. After 





1088 Robinson : Synthesis in Biochemistry. 


this the building on of the cyclopentane ring will involve a final stereochemical forking of 
the roads. 

The syntheses of the systems of the sterols and of the male sex hormones are being 
attempted from a somewhat different standpoint. As in the alkaloid group, we have tried 
to find some common factors in the sterol molecule with the object of following up the 
suspected plan of organisation in our synthetical operations. At first we thought only 
of the isopentane units, but plausible as this hypothesis of the origin of the sterols is, one 
must perform some very arbitrary loppings of methyl groups in order to make it feasible.* 
Furthermore, the side chains of ergosterol and stigmasterol neutralise the effect on our 
minds of the very terpenoid cholesterol side chain. 

An alternative mechanism which we noted more than two years ago has not been 
developed as a full biosynthesis, because it cannot be used for the construction of a cyclo- 
pentane nucleus, but, given this unit, it presents a remarkable coincidence and represents 
our working hypothesis for synthetical experiments in the sterol group. Starting with a 
methyleyclopentanone derivative, we propose a series of cyclohexenone syntheses with 
reduction of the interinediates. The unsaturated ketones applied are successively methyl 
vinyl ketone, ethyl vinyl ketone, and methyl vinyl ketone, and the product ought to contain 
the sterol system complete with angle-methyl groups, because (a) the group -CHMe:CO- 
should be attached in preference to -CH,*CO- (compare the ««-dialkylation of cyclic ketones), 
and (b) 6-decalones should be reactive in the a- rather than in the §’-position. This 
scheme, a ss synthesis indeed, is ree a ; 


& Ne CH, & ‘ey oi & Pas CHa 
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CO CH, CH, 
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The group _R might be the cholesterol side chain or carbethoxyl, in which case it could be 
replaced by amino and then hydroxyl, giving testosterone. In an attempt to realise this 
scheme the first problem was to find conditions for the cyclohexenone synthesis. Methyl 
vinyl ketone could be condensed with 6-naphthol in alkaline solution,”® 


CH,:CH-CO-CH 
‘ . CH,-CH,-CO-CH, 


H NaOEt H 
EtOH 


but the reaction could not be extended to cyclohexanone. 


* Nevertheless the statement of Lettre and Inhoffen (‘‘ Uber Sterine Gallensauren und verwandte 
Naturstoffe,” F. Enke, Stuttgart, 1936) that the isoprene hypothesis cannot be used in connection with 
the four-ring skeleton is incorrect if the extrusion of three carbon atoms from the molecule is permissible. 
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We were encouraged to proceed, however, by the discovery of the condensation of 
acetylcyclohexene and acetylcyclopentene with the sodio-derivatives of cyclic ketones and 
by the favourable yields often obtained in these reactions. The products are hydro- 
chrysene or hydrocyclopentanophenanthrene derivatives and may be constitutionally 


allied to the sex hormones.?? 
CH, 
CON) Na CO 


en is rm Ce 
wh 2 Xe + Mt, ‘us —y 
e ff 
Hy . 


Nevertheless, our telabe with methyl vinyl ketone and methyl isopropenyl ketone were 
all but fruitless; the yields were hopelessly low as the result of polymerisation. We 
therefore turned our attention to the use of substances which can yield the simple unsatur- 
ated ketones on decomposition. Dr. J. Walker had successfully employed methyl 6-chloro- 
ethyl ketone for the synthesis of piperitone,2* but we found that it loses the elements 
of hydrogen chloride too easily and the resulting methyl vinyl ketone is polymerised in the 
attempted condensation with the sodio-derivatives of cyclic ketones. 

The problem appears to have been solved by the use of quaternary ammonium salts 
derived from the Mannich bases already mentioned, and these compounds have been 
applied in two distinct see illustrated in the scheme below : * 
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When routes (A) and (B) are applied to 2-methylcyclohexanone, different methyl- 
octalones are obtained. The isomeride from route (A) can be dehydrogenated to a methyl- 
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8-naphthol, whereas that from route (B) resists dehydrogenation by means of palladised 
charcoal but affords 6-naphthol in poor yield when it is heated with selenium. Hence 
we consider that a model for the last stage of the paper sterol synthesis has been realised 
and one of our two assumptions (a; v. supra) appears to have been justified. 

Turning from our present preoccupations, it may be useful to attempt to define some 
of the main problems awaiting solution in the near future. Much more must be done in 
the direction of probing and imitating Nature’s methods of manufacture of the simple 
molecules, and even the sterols, heart poisons, morphine, and strychnine must be included 
in this category, but so far as we can see now the chemists of the future must concentrate 
on the study of polymerisation. The work of Staudinger, Carothers, and others has laid 
a sound foundation, but the type of polymerisation hitherto studied is very different from 
that occurring in a plant. There the units, which themselves await identification, are 
evidently marshalled under the direction of surface forces and probably of templates 
consisting of ready-formed polymerides. 

We already know that diketopiperazines can be used to extend the peptide chains, and 
cycloids with a larger number of amino-acid residues than two should be still more prone to 
form long polypeptide chains. Plans have been made to undertake this investigation 
in Oxford, and I am glad to have this opportunity of acknowledging the stimulus provided 
by Dr. D. M. Wrinch, who has elaborated an elegant scheme of protein pattern based on a 
cycloid containing six amino-acid residues in the simplest case.*® 

The structure and orientation of natural products of high molecular weight can only 
be ascertained as the result of the labours of both analytical-organic and physical chemists, 
but it is safe to predict that in this field the synthetical chemist also will play his part, and 
that, as in other branches of structural chemistry, the final decisions will be made by him. 
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Obituary Notices. 


OBITUARY NOTICES. 


ALFRED FOSTER CHOLERTON. 
1859—1936. 


ALFRED F. CHOLERTON, son of the Rev. Joseph Cholerton, was born on March 6th, 1859, 
at Pinchbeck, Lincolnshire. He received his general education at Ashby Grammar School 
and at Derby School. Leaving school at 15 years of age, he was apprenticed to Messrs. 
John Richardson and Co., Wholesale Druggists, of Leicester, and subsequently obtained a 
practical knowledge of retail pharmacy as an assistant in Liverpool, where for a time he 
was in sole charge of a branch business. Finding only a limited scope for his ambition 
there, he came to the Metropolis in his twenty-first year and was engaged by Messrs. 
Burgoyne, Burbidges and Co. as a commercial traveller. For the next ten years he 
represented in turn Messrs. J. H. Haywood, Ltd., of Nottingham, Messrs. Lofthouse and 
Saltmar, of Hull, and Messrs. Hirst, Brooke and Hirst, Ltd., of Leeds. Infis91, Cholerton 
entered into partnership with Messrs. A. and W. de St. Dalmas, an old-established firm of 
manufacturing chemists in Leicester. All through his career it was Cholerton’s aim to 
create and foster happy relations with his employees, and the esteem in which he was held 
by all those associated with him is ample evidence of the success of his efforts. 

In addition to his activities in business, Cholerton was an enthusiastic social worker. 
He was a leader of the Adult School Union in Leicester, of which he became President, and 
was interested in the Rotary movement, filling with distinction the office of President of the 
Leicester Rotary Club. 

Cholerton died on May 11th, 1936, mourned and beloved by his widow, a son, and a 
married daughter and many friends. He was elected a Fellow of the Chemical Society 
on March 4th, 1897. 





ALFRED BATTYE KNAGGS. 


ALFRED BATTYE KNAGGS was a member of a well-known Huddersfield medical family. 
After attending school for a year or two at Rossall, delicate health compelled his 
removal, and the rest of his early education was undertaken by the late Rev. G. E. 
Wilson, Vicar of St. John’s, Huddersfield. 

Subsequently Knaggs proceeded to the Yorkshire College, now the Leeds University, 
where he studied chemistry under Prof. T. E. Thorpe and physics under Prof. A. W. Riicker, 
taking also the course in Dyeing under Prof. J. J. Hummel. 

On leaving Leeds he became Assistant to Prof. W. M. Gardner in the dyeing department 
of the Bradford Technical College, where he remained until his retirement in 1917. 

During his time in Bradford Knaggs collaborated with the writer in a book on wool 
dyeing, subsequently published in Philadelphia as Vol. 8. of Posselt’s Textile Library. 
He also did much work in connection with the Journal of the Society of Dyers and 
Colourists, acting as an abstractor for some years. 

Of a generous and unassuming disposition Knaggs was much esteemed by his students 
and colleagues. In his later years, notwithstanding a crippled physique, he devoted 
himself to gardening, a hobby in which he was eminently successful, the masses of coloured 
blooms which he produced giving much pleasure to himself and his friends. 

Though his health had been failing for some time, the end came suddenly on April 11th, 
1936, at his house in Wonford Road, Exeter. He will be mourned by many asa loyal friend. 

W.. M. GARDNER. 


















Obituary Notices. 
THEOPHILUS HENRY LEE. 


1873—1926. 


THEOPHILUS HENRY LEE was born in Somerset on April 18th, 1873, and died in an English 
hospital at Rio de Janeiro, Brazil, on April 30th, 1926. Educated in England, he went to 
Brazil while very young, and for three years was analyst to the St. John d’E] Rey Mining 
Co., Ltd. In January, 1910, he was appointed chemist to the Brazilian Geological and 
Mineralogical Survey. 

In his governmental position Lee devoted particular attention to the chemical analyses 
of Brazilian ores, especially iron and manganese ores, and made important studies on the 
coal of South Brazil. He visited England in 1920 to learn the methods of making synthetic 
nitrates; he made a very complete study of the mineral waters of Caldas Novas in the State 
of Goyaz, and contributed papers to the American Journal of Science and to other scientific 
journals in Brazil on, inter alia, zirconium minerals and the analysis of rare-earth minerals. 

Lee was elected an original Fellow of the Academia Brasileira de Sciencias in 1917 as a 
member of the physico-chemical section, and was a member, as spectrologist, of the Brazilian 
at engaged in the studies of the total eclipse on May 29th, 1919, in Sobral City, 

razil. ; 

Lee was elected a Fellow of the Chemical Society on March 4th, 1897. 





THOMAS HENRY POPE. 
1875—1936. 


THomAs HENRY Pope, who passed away on January 12th, 1936, was born in London on 
February Ist, 1875. He received his early scientific education at the Finsbury Technical 
College and in 1893 entered the Central Technical College, South Kensington, as a student 
of chemistry under Professor Henry E. Armstrong. After gaining the diploma of Associate 
of the City and Guilds’ Institute in 1896, he became research assistant to Professor W. C. 
Unwin and later to Mr., now Sir, Robert Mond. In 1898 he joined Julian L. Baker, who 
was then chief chemist to the Beetroot Sugar Association, afterwards, in 1900, himself 
becoming chief chemist to that Association. A paper published in the Journal of the 
Chemical Society with J. L. Baker in 1900 on ‘‘ Mannogalactan and Laevulogalactan, two 
new Polysaccharides,” records some of the results of that collaboration, and a com- 
munication to the Journal of the Institute of Brewing in 1901 with A. R. Ling on “‘ Tornée’s 
Optical Method of Determining Alcohol and Extract in Beer” also records some of his 
work. ; 

In 1901 Pope was appointed lecturer in chemistry in the British School of Malting and 
Brewing in Birmingham University in succession to J. H. Millar under the late Professor 
Adrian Brown. He stayed at the Birmingham School of Brewing for about sixteen years, 
lecturing, not only on brewing, but on general inorganic and organic chemistry to the degree 
students. He also had charge of the Analytical Department, in which in those days much 
analytical work was done, principally for brewing purposes. Pope was a good teacher, 
having the somewhat rare ability—rare at any rate among “‘ teachers ”—of presenting his 
subject in a way which not only revealed the fundamental principles, but captured the 
interest and developed the mind of his students. His quiet humour and charm of manner 
made him extremely popular in this réle. 

In October 1917, he forsook teaching and entered the industrial field as Works Chemist 
to Messrs. Calders, Ltd., where he was occupied with routine and general scientific problems 
arising in the manufacture of alcohol and of yeast at the distilleries of Bo’ness and Gartloch. 
Four years later this firm amalgamated with the Distillers Company and Pope was trans- 
ferred for similar duties to the Vauxhall Distillery in Liverpool, going later to Bankhall 
Distillery in the same city. 

In consequence of re-organisation of the work of the scientific staff and the establishment 
of a central research department of the Distillers Company, Limited, Pope was transferred 
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as one of the senior chemists to the new laboratories at Great Burgh, Epsom, Surrey, where 
he remained, in charge of the industrial alcohol section of that department, until the time 
of his death. His wide reading, varied experience and critical judgment were of very great 
value in the study of large-scale operations with which he was occupied in his later years. 

Pope devoted much of his spare time to the study of languages and to scientific literary 
work; he was abstractor for the Journal of the Chemical Society and for the Society of 
Chemical Industry for more than 35 years. He also did much valuable work for the 
Society of Public Analysts, first as an abstractor and later, in 1933, as assistant editor of 
The Analyst. He had an extensive knowledge of foreign languages, including Spanish, 
Italian and Russian, and although he published little original work he is well known as 
having translated Euler’s ‘‘ Chemie der Enzyme,” Molinari’s “‘ Trattato di Chimica Generale 
ed Applicata all’ Industria ”’ and Villavecchia’s ‘‘ Trattato di Chimica Analitica Applicata.” 
He also edited the latest English translation of Mendeléeff’s ‘‘ Principles of Chemistry ” 
from the Russian. In addition, Pope revised that section of Allen’s “‘ Commercial Organic 
Analysis ’’ which deals with “‘ Starch and Isomerides ”’ and he prepared anonymously a 
bibliography of the more important references to the presence of the principal heavy metals 
in food and biological materials. These are some examples of his patience, knowledge, 
and skill. 

Pope’s charming personality, combining as it did a natural modesty, almost a courtly 
dignity and a quiet humour, endeared him to all those with whom he came in contact. 
He was a most agreeable colleague and charming friend who will be long mourned by those 
who knew him. J. VARGAS EYRE. 





CHARLES EDWARD POTTER. 
1862—1935. 


Many associations of long duration were broken when Charles Edward Potter passed away 
on May 29th, 1935, in his 74th year. He was a member of the Chemical Society for 52 years 
and his connection with the sugar-refining industry had covered almost the same long period 
in one refinery in the City of Liverpool, where he was born on April 4th, 1862, and near 
which he resided till his death. Educated at the Liverpool Institute, he showed, as a boy, 
an unusual enthusiasm and aptitude for scientific pursuits with a decided leaning towards 
those of a chemical and mechanical nature, and when he left school in 1878 to enter the 
employ of Messrs. Henry Tate and Sons, Sugar Refiners, as laboratory chemist in the Love 
Lane (Liverpool) Refinery, inclinations and duties ran so harmoniously together that a 
congenial and successful career could well be expected. His ability, application, and 
resourcefulness found recognition in successive promotions to works chemist, manager, 
(1903) and managing director (1919), the position he continued to occupy after the amalgam- 
ation of Messrs. Tate and Lyle, Ltd., till his retirement at the end of 1934, a few months 
before his death. 

The record of his work will not be found in scientific or technical literature. A loyal 
servant, served loyally by more than one generation of assistants and workpeople, he 
unobtrusively played his part in the expansion of a world-renowned firm whose success has 
been achieved in no small measure through quick recognition of the value and skilful 
application of the results of chemical, physical, mechanical, and electrical research. 

His life, apart from business, was pre-eminently marked by a great love for the society of 
his fellow men. He enjoyed the theatre and travelled often to foreign parts. He read little 
except newspapers and technical journals, but a retentive memory and keenness of observ- 
ation kept him in close touch with the world and the march of events. Although connected 
with Liverpool all his life, he took little part in public affairs, but realising acutely that 
relief of suffering must depend largely on medical advance through hospital practice he was 
a generous giver to these institutions and warmly welcomed an invitation to serve on the 
committee of the Liverpool Northern (David Lewis) Hospital, to which he was able to 
render valuable service for the last 16 years of his life. He was a Freemason for more than 
4a 
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30 years. He took little interest in sport and had few hobbies, but photography gripped 
him from the days of wet plates to those of colour cinematography. 

In family life he was a happy, generous, and much appreciated husband and father, 
He is survived by his widow, one son, who occupies a prominent position in the refinery 
where his father laboured so long, and four daughters. T. B. B. 





FRANK SCUDDER. 
1862—-1936. 


A FELLow of the Chemical Society since March Ist, 1883, Frank Scudder died at his 
residence, St. Annes on Sea, on February 6th, 1936, aged 74 years. 

Born in Rusholme, Manchester, he was educated at Manchester Grammar School 
and entered the laboratory of Dr. Angus Smith, then founding the Inspection of Alkali 
works. He remained till Dr. Angus Smith died in 1884 and Dr. Smith’s desk became his 
treasured possession. In the laboratory he came in contact with the rising chemists who 
were regular visitors, such as Lionel Playfair, Dr. James Young (Paraffin Young), and 
Bunsen (then a chemist in Lancashire) and he was proud to relate how he had to meet 
Dr. Joule each week and convoy him to Dr. Smith’s laboratory in Cavendish St., All Saints. 
After the death of Dr. Angus Smith, Scudder was for a short time in charge of benzole- 
producing works at Normanton in Yorkshire. Later he became Technical Assistant to 
Sir Henry E. Roscoe and with him went through most of the famous chemical fights, such as 
the cordite case, the McArther Forrest cyanide gold extraction case, and the water-gas - 
development for iron works. After visiting all the water-gas plants in America, Germany, 
and Russia, Scudder became chemist to the Syndicate. Through the trouble of iron 
stains formed on the Fahnejelm combs (the forerunner of the Welsbach mantle) he was led 
to the discovery of iron carbonyl, a gas which deposits mirrors of iron similar to the Mond 
nickel carbonyl. In 1893 Sir Henry assisted in the formation of the Mersey and Irwell 
Rivers Board—the first of such boards—formed: to protect the new Ship Canal. Sir 
Henry at the request of manufacturers became the first chemical adviser. Scudder was sent 
to Manchester to attend to this development. On Sir Henry’s retirement in October, 1905, 
Scudder was appointed chemical adviser and he remained so till his death. During this 
period he was intimately associated with the Commissions and all concerned with the 
growth of purification of water, sewage, and trade wastes. In 1898, with Roscoe, he 
became associated with Liebig’s Extract of Meat Co. as chemical adviser and he retained 
this post till his death. 

Scudder was with those who in Manchester founded the Society of Chemical Industry 
and as an original member was present at the Jubilee of this Society. 

Scudder was not a public man; his profession was his hobby and after the day’s work was 


over he went to his home and garden. He died on the day of his wedding jubilee. 
ROBERT PETTIGREW. 





WILLIAM STEVENSON. 
1858—1936. 


WILLIAM STEVENSON died at Eaglehurst, Ditton Hill, Surrey, on February 18th, in his 
79th year. He was born in Manchester, where his family have been well known for many 
generations. He was educated in Paris and on completing his education joined Messrs. 
Burgoyne, Burbidges and Co., Ltd., Manufacturing Chemists. It was here that he met the 
late Mr. Reginald Howell, who, in 1882, joined him in partnership to form the business of 
Stevenson and Howell, Manufacturing, Analytical and Consulting Chemists, specialising 
in the production of essences, essential oils, etc. In 1898 the business was formed into the 
Limited Company whose head office and works occupy the extensive site in Southwark 
Street. Stevenson was Joint Managing Director with Mr. Howell till the latter’s death 
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in 1912 and then with Mr. J. W. Tilley till the latter retired in 1917. From this date till 
Stevenson himself retired in 1929 he was sole Managing Director and Chairman of the 
Company. He was succeeded by his son, Mr. R. W. Stevenson, M.C., M.A., and Mr. V. J. 
Tilley, F.I.C., as Joint Managing Directors. 

Stevenson was a member of the Executive Committee of the British Essence Manufac- 
turers’ Association from its inception, and with his broad outlook and knowledge of the trade 
he rendered valuable service during the difficult period of the Great War and in many other 
important problems which had to be dealt with by the Association. He was elected a 
Fellow of the Chemical Society on February 6th, 1879. P. C. C, IsHERWOOD. 





PHILIP LEWINGTON WHITEHOUSE. 
1874—1936. 


Putte L. WHITEHOUSE was born on January 15th, 1874, at Glasgow. He was a student at 
the Glasgow and West of Scotland Technical College under Professor E. J. Mills, F.R.S., 
and after leaving College was engaged for 54 years with Messrs. J. Storer and Co., Ltd., 
Paint Manufacturers, of Glasgow, where he became Technical Manager. In this capacity 
he was engaged in many chemical investigations, one of which he undertook with Professor 
E. J. Mills on the utilisation of slag as a pigment. He left Glasgow for West Bromwich in 
1903 and became an analytical chemist. In 1915, he formed Waste Products, Ltd., and 
Lewingtons, Ltd., and was associated with a number of local activities in West Brom- 
wich, taking also a prominent part in the Rotary movement. His death took place on 
April 8th, 1936, at West Bromwich after three months’ illness. 
Whitehouse was elected a Fellow of the Society in December, 1901. 





231. Some Aspects of the. Modern Theories of Corrosion. Part II. 
The Distribution of Corrosion. 


By J. E. O. Mayne. 


In Part I (this vol., p. 366) reference was made to the work of Evans and his co-workers 
on the distribution of corrosion on steel plates partly immersed in N/10-potassium chloride 
solution. In the absence of convection currents and vibration, the distribution which they 
have established is shown in Fig. 1(A). Evans and Hoar (Proc. Roy. Soc., 1932, A, 187, 
343) state that the corrosion along the vertical edges of the specimen is “‘ due to the descent 
of corrosion products from weak points situated on the cut edges, the products cutting off 
oxygen from the metal thus blanketed.” On the other hand, Bengough (J. Soc. Chem. 
Ind., 1933, 52, 238) states that “‘ the special tendency of the edges to corrode is no doubt 
due to the difficulty of making the edges of emery-ground specimens exactly like the faces.” 


EXPERIMENTAL. 


In order to test these explanations, the vertical edges of a small piece of steel 5 x 8 X 0-3cm. 
were carefully rounded and polished, until the surface was the sameall over. The specimen 
was then degreased, and partly immersed in N/10-potassium chloride in air in a thermostat 
maintained at 25°. After 3 days corrosion had taken place in accordance with Evans’s “‘ ideal 
distribution ” as shown in Fig. 1(A). It does not appear, therefore, that this type of corrosion 
is due to the cut edges. 

A careful examination of the work of Evans, Bengough, and their respective co-workers on 
partly immersed specimens revealed the fact that all their experiments had been performed on 
steel specimens in the form of thin plates, i.¢., specimens of which the width was very much 
greater than the thickness. 

Four steel specimens, all 3” x 1’’ in two dimensions, but severally }”, }’’, ?’’, and 1” in the 
third, were polished with No. 1 emery, degreased in carbon tetrachloride, and partly immersed 
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as before in N/10-potassium chloride solution. After 3 days the distribution of corrosion was 
found to be as in Fig. 2, from which it can be seen that the corrosion along the vertical edges 
of the specimen is a function of its shape, in that, when the specimen is square, no preferential 
corrosion takes place at the edges. A possible explanation of this is that the distribution of 
corrosion is governed by the distribution of alkali over the surface of the specimen. Thus, if the 
alkali is formed near the surface of the solution, its movement will be governed by two factors : 
(1) It will tend to move down the surface of the specimen by the action of gravity. Evans and 
Hoar (/oc. cit.) have shown that this is so, and have suggested that it is dragged down by the 
sinking of the ferrous chloride formed on the lower part of the specimen. (2) Owing to the 
high mobility of the hydroxy] ion it will tend to diffuse out into the solution in all directions. 

Now, if the protection observed is due to the presence of alkali, then on a thin specimen, 
where only the front face has to be considered, the action of these two factors will give rise to 
Evans's ideal distribution. As the thickness of the specimen increases, however, the corrosion 
on the front face will be influenced by the facts that: (1) As the alkali diffuses away from the 
vertical edges of specimen, it will be reinforced by alkali diffusing in from the surfaces of the speci- 
men at right angles. (2) Since the oxygen supply does not increase as rapidly as the metal- 
liquid—air interface, the concentration of the alkali per unit length of the interface will be lower. 
Thus the action of these two factors will destroy the ideal distribution, and the protected area 
will become narrower but extend evenly round the specimen. 

In order to examine the effect of alkali distribution, experiments were performed in an air 
thermostat maintained at 25° on steel plates, partly immersed at an angle of 45° in N/10- 
potassium chloride solution. The vessels used in the following experiments were rectangular 
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Showing the effect of thickness of specimens on distribution 
of corrosion in KCI solution. 


troughs 4” x 3” x 3’, which were covered by a bell-jar. It was found, however, that after 
3 days under these conditions the distribution of corrosion on a steel specimen followed Evans's 
ideal distribution, although the corrosion on the upper side [see Fig. 1(B)] appeared to be 
much greater than on the lower [see Fig. 1(C)]. 

In order to estimate the relative amounts of the corrosion on the upper and the lower face 
of the specimen, a compound specimen was made. This consisted of two similar steel plates, 
each 2” x 1” x 1/16”, which were prepared in the usual way; one face of each was covered 
with an alcoholic solution of bakelite, and when they were nearly dry, the two varnished faces 
were pressed together. In some experiments a piece of waxed paper was placed between the 
two steel plates in order that there should be no electrical contact between them, and in others 
the unimmersed parts of the plates were bolted together; these modifications, however, had no 
effect on the results. 

By weighing each plate before the experiment and also after it had been electrolysed in 
cyanide solution in order to remove the corrosion product (as recommended by Hatfield and 
Shirley, ‘“‘ lst Report of the Corrosion Committee of the Iron and Steel Institute,” p. 207), 
the corrosion that had occurred on each surface was determined. After 24 hours’ partial 
immersion in N/10-potassium chloride solution at 45°, the losses in weight of the upper and the 
lower plate were 0-0108 g. and 0-0028 g. respectively. This experiment was repeated with an 
N/10-potassium chloride solution containing a trace of phenolphthalein. It was then found 
that after 3 minutes’ immersion the under surface of the specimen was covered evenly with 
alkali while the upper surface had alkali only on the central portion; this distribution persisted 
throughout the experiment. The experiment was repeated with a deaérated solution, with the 


same results. 
The effect of carbon dioxide dissolved in the solution on the distribution of corrosion was also 
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examined. It was found that when plates were immersed at 45° in an N/10-potassium chloride 
solution saturated with carbon dioxide at 25°, attack took place all over the immersed area, the 
region of maximum attack being at the water-line. If itisassumed that the carbon dioxide lowers 
the alkali concentration at the surface of the plate, this attack at the water-line is in accordance 
with the suggestion put forward in Part I. When the carbon dioxide had a concentration of 
one-tenth of the saturation value, the corrosion upon the lower surface was uniform all over the 
immersed area, while that on the upper was unaffected by the carbon dioxide and was as shown 
in Fig. 1(B). 
DISCUSSION. 

The view that the distribution of corrosion is governed by the alkali distribution was 
put forward by Bengough and Wormwell (Proc. Roy. Soc., 1933, A, 140, 407) to account 
for a number of their experiments, but in order to demonstrate this an experiment is 
described in which steel specimens are immersed in an N/2-sodium chloride solution 
saturated with boric acid as a buffer. Unfortunately, ferrous borate is insoluble, and boric 
acid could act as an inhibitor. 

Evans and Hoar (loc. cit.) have investigated whether the cathodic reaction proceeds 
equally over the whole of the protected area or is confined to certain parts, and they have 
found that practically the whole of the cathodic reaction is confined to the neighbourhood of 
the meniscus. The question therefore arises as to how it is that the protection extends in 
the “‘ ideal distribution ” outside this area. Evans (private communication) has stated 
that it is “‘ due to the descent of alkali from the water-line strip. In the presence of alkali 
very little oxygen is needed for protection, and doubtless the necessary trace of oxygen 
would be brought down by the descending liquid.” Even if it is true that the protection 
is due to this trace of oxygen brought down by the descending alkali, the fact remains 
that it is the distribution of the alkali which governs the distribution of this oxygen and 
hence the corrosion. 

It can be seen, therefore, that Evans, Bengough, and their co-workers are in agreement 
with the view that the “ideal distribution” is due to alkali distribution, and it is clear 
from the experiments recorded above on specimens of different thickness that if this is 
accepted, the explanations put forward to account for the corrosion along the vertical 
edges in terms of “‘ weak points’ are unnecessary. Evans’s remark (above) raises the 
question as to the formation of anodic and cathodic areas and whether they are due to 
oxygen or to the alkali. Bengough and Wormwell (Joc. cit.) maintain that the alkali gives 
rise to a protective film which causes the metal to become cathodic to the uncovered metal, 
hence the film distribution view of corrosion; but Evans, Bannister, and Britton (Proc. 
Roy. Soc., 1931, A, 131, 356) have pointed out that the electric currents involved in the 
corrosion process may be set up by differences in oxygen concentration which cause the 
aérated part of the metal to be cathodic and the unaérated part anodic, hence the theory 
of differential aération. 

Evans and Hoar (loc. cit.), after concluding that practically the whole of the cathodic 
reaction is confined to the neighbourhood of the meniscus, go on to state that: ‘‘ The 
fact that the meniscus zone is the only part of the specimen which is likely to be kept 
replenished with oxygen makes this conclusion reasonable. Moreover, a good explanation 
is obtained for the curious observation that anomalous specimens which show abnormally 
large anodic areas owing to the development of central weak points, nevertheless show the 
same velocity of corrosion as other specimens which do not develop corrosion in the central 
area.” In other words, under conditions of normal aération, as long as the specimen passes 
through the meniscus the velocity of corrosion should be the same. This conclusion is not 
in accordance with the results of the experiment on plates inclined at 45°, since if the above 
were true, the amount of corrosion which has occurred should be the same on the upper 
and the lower face of the specimen. It has been shown that the inclination of the specimen 
has affected the distribution of alkali, but there seems no reason to believe that it has 
affected the differential aération, especially as both surfaces of the specimen cut the 
meniscus. 

The results recorded above do not cast doubt on Evans’s experimental work, for in a 
large number of his experiments measurements were made when corrosion had commenced, 
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and such experiments do not indicate the cause of the corrosion but only the way in which 
it proceeds. That the process is electrochemical and certain laws govern the flow of current 
between the anodic and cathodic areas appears to have been firmly established. But this 
problem must not be confused with the question as to how the anodic and cathodic areas 
are first formed. The theory of differential aération is based on a number of modified 
“key ” experiments (see Evans, ‘‘ Corrosion of Metals,” 1926, p. 80; Proc. Roy. Soc., 
1931, A, 131, 358) in which two electrodes of iron are immersed in N-potassium chloride 
solution, and one subjected to aération. The current flowing between them is determined 
and shown to correspond with the weight loss. It is stated: ‘‘ It is doubtful whether 
any metal other than iron is suitable for testing the correspondence between current and 
weight loss.” It is suggested that the reason for this is that the following reaction takes 
place: 2Fe™ + O, + 2H,O —> 2Fe™ + 40H’; the resulting hydroxyl ions form a 
film on the metal and prevent the passage of more iron ions into solution. They therefore 
pass into solution at the other electrode, and naturally the weight loss corresponds to the 
current which has passed. It is possible therefore that differential aération is only a 
particular example of film distribution. 

The experiment in which a steel specimen was partly immersed at 45° in a solution 
of potassium chloride containing 10% of its saturation value of carbon dioxide indicates 
that the concentration of alkali is greater on the upper than on the lower surface. The 
conclusion from this is that the oxygen supply to the upper surface is greater than to the 
lower. If Bengough’s view is accepted that the amount of corrosion is governed by the 
total oxygen supply, an explanation is afforded of the amount of corrosion which has 
occurred. It is to be noted that under these conditions the theory of differential aération 
predicts the maximum corrosion on the lower or less aérated surface. Moreover, the 
criticisms which have been made of Bengough’s experiments are not applicable to the 
experiments recorded above, since the conditions of aération and the duration of the 
experiments are similar to those used by Evans himself. 


This investigation has been carried out as part of the work of the Wire Ropes Research 
Committee of the Safety in Mines Research Board. The author is indebted to Sir Harold 
Carpenter for the facilities afforded, and to the Chairman of the Board for permission to publish 
the results. He also thanks Dr. Bengough and Dr. Wormwell for their helpful criticism and 
interest. 


Royat Scnoor or Mines, Lonpon, S.W. 7. [ Received, April 20th, 1936.] 





232. A Reaction of Certain Diazosulphonates derived from B-Naphthol- 
l-sulphonic Acid. Part XV. Derivatives of 2'-Nitro-4'-methyl- 
benzene-2-naphthol-1-diazosulphonate and Synthesis of 2-(2’-Nitro- 
4’-methylphenylamino)isoindolinone-3-acetic Acid, 

By F. M. Rowe, A. S. Haicn, and A. T. PETERS. 


It has been definitely established that the naphthalene ring in certain sodium 1-arylazo-f- 
naphthaquinone-l-sulphonates undergoes fission on addition of sodium hydroxide, with 
formation of sodium benzaldehydearylhydrazone-w-sulphonate-2-f-acrylic acids, by the 
isolation of the latter in the case of 2'-nitro-substituted compounds and their 4’- and 5’- 
chloro-derivatives (J., 1935, 1796). Under suitable conditions ring closure of these open- 
chain compounds can then be effected to yield either a 2-(2’-nitroarylamino)#soindolinone-3- 
acetic acid, via a benzo-2'-nitroarylhydrazide-2-f-acrylic acid, or a sodium hydrogen 
3-(2’-nitroaryl)-3 : 4-dihydrophthalazine-l-sulphonate-4-acetate. Derivatives of both types 
of compound have been described (loc, cit.), but it appeared desirable to obtain further 
evidence with regard to their constitutions and inter-relationships, particularly in the case 
of the complex derivatives of 2-(2’-nitroarylamino)isoindolinone-3-acetic acids, by examining 
one further series of 2’-nitro-substituted compounds. Consequently, the investigation 











De 

















derived from B-Naphthol-\-sulphonic Acid. Part XV. 1099 


has now been extended to the compounds derived from m-nitro-p-toluidine, and at the same 
time the constitution of the 2-(2’-nitroarylamino)isoindolinone-3-acetic acids has been 
confirmed by both degradation and synthesis. 

In general, the course of the reactions and the properties of the products in the present 
series are similar to those observed with the analogous lower homologues containing the 
nitro- or the amino-group in the 2’-position and with their chloro-derivatives. Neverthe- 
less, in some instances the presence of the 4’-methyl group leads to reactions that could not 
be effected in the previous series, and in other instances it completely inhibits reactions 
that were successful in its absence. 

Conversion of 2’-nitro-4'-methylbenzene-2-naphthol-1-diazosulphonate through sodium 
1-(2'-nitro-4’-methylbenzeneazo)-f-naphthaquinone-l-sulphonate into sodium  benzalde- 
hyde-2'-nitro-4'-methylphenylhydrazone-w-sulphonate-2-B-acrylic acid (I) proceeds readily 
and little 2’-nitro-4’-methylbenzeneazo-f-naphthol is formed. Compound (I), which is 
obtained in excellent yield, is converted by boiling dilute hydrochloric acid into a mixture 
of benzo-2'-nitro-4’-methylphenylhydrazide-2-B-acrylic acid (II) and 2-(2’-mitro-4'-methyl- 
phenylamino)isoindolinone-3-acetic acid (III), the relative proportions depending upon the 
conditions used. Compound (II) is converted into (III) by boiling with water, dilute 
sodium carbonate solution, or organic solvents, whilst attempts to prepare derivatives of 
(II) lead to corresponding derivatives of (III) (cf. the ethylation of o-carboxycinnamic 
acid which gives ethyl phthalideacetate; Roth, Ber., 1914, 47, 1598). 

When 2-(2’-nitro-4’-methylphenylamino)isoindolinone-3-acetic acid, or less satisfactorily 
(II), is refluxed with acetic anhydride and pyridine, or with toluene in presence of phos- 
phorus trichloride, or with thionyl chloride, 1 molecule of water is eliminated, giving 2 : 5- 
diketo-3-(2'-nitro-4'-methylphenyl)isoindolinopyrazolidocoline (IV). As a result of this 
reaction, compound (IV) is also obtained as a by-product in the preparation of the anilide 
of (III). Compound (IV) is reconverted almost quantitatively into (III) when a solution 
in sulphuric acid is diluted, but further degradation occurs when aqueous-alcoholic sodium 
hydroxide is used for _— (see p. 1100). 
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Reduction of the nitro-compound (IV) with iron and acetic acid yields 2 : 5-diketo-3- 
(2’-amino-4'-methylphenyl)isoindolinopyrazolidocoline (V), which diazotises and couples to 
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form azo-dyes, and is convertible by boiling acetic anhydride into a mixture of the mono- 
and the di-acetyl derivative, whereas the lower homologue under similar conditions gives 
the monoacetyl derivative only. Unlike compound (IV), which is readily hydrolysed to 
(III) by dilute sulphuric acid, when compound (V) is dissolved in dilute sulphuric acid 
(1 : 1) and heated to the b. p., 1 mol. of water is removed and the sulphate of a new base is 
obtained; the same base is also formed when (V) is refluxed with toluene in presence of 
phosphorus trichloride. For the reasons given below, there is no doubt that the base is 
2 : 2’-anhydro-2 : 5-diketo-3-(2'-amino-4'-methylphenyl)isoindolinopyrazolidocoline (V1), 
which is unaffected by boiling acetic anhydride, does not react with nitrous acid, and forms 
stable salts with acids. It forms a picrate, which is obtained also by the action of alcoholic 
picric acid on (V) owing to the ease with which water is eliminated from the latter. 

Although the limited action of boiling dilute sulphuric acid converts (V) into the 2: 2’- — 
anhydro-derivative (VI), refluxing (VI) with similarly dilute sulphuric acid for 3 hours 
results in the addition of 1 molecule of water. The product, however, is not compound 
(V), but is also obtained similarly from (V), and is the lactam (IX) of 2-(2'-amino-4'-methyl- 
phenylamino)isoindolinone-3-acetic acid. This base forms stable salts with acids and does 
not react with nitrous acid. It forms a picrate, from which it is recovered unaltered by 
treatment with alkali, in contrast to the behaviour of (V), which yields the picrate of (VI). 
Compound (IX) is reconverted into compound (VI) by refluxing with toluene in presence of 
phosphorus trichloride, a reaction which does not occur with the lower homologue or its 
4’-chloro-derivative. 

Although it appeared more probable that when 1 molecule of water is removed from 
compound (V) condensation occurs between the amino-group and the keto-group in position 
2 with formation of (VI), hitherto the alternative possibility that the keto-group in position 
5 is involved could not be definitely excluded on the basis of the results obtained with the 
lower homologue and its 4’-chloro-derivative. Consideration of the properties and inter- 
relationships of the compounds in the present series, however, clearly shows that it is the 
keto-group in position 2 that is involved in the condensation and that the product is actually 
compound (VI). Thus, that the link between a carbon atom in position 2 and a nitrogen 
atom in position 3 is easily hydrolysed by dilute sulphuric acid is shown by the conversion 
of (IV) into (III) and also by the conversion of (VI) by the same reagent into (IX) and not 
into (V). Moreover, if compound (VI) were the 5 : 2’-anhydro-isomeride, acid hydrolysis 
would be expected to give a carboxylic acid, whereas actually it gives compound (IX). 

Reduction of the nitro-acid (III) or the nitro-compound (IV) with alkaline hyposulphite 
(hydrosulphite) yields 2-(2’-amino-4'-methylphenylamino)isoindolinone-3-acetic acid (VII), 
convertible by boiling acetic anhydride into the diacetyl derivative of (V). Unlike the lower 
homologue and its 4’-chloro-derivative, (VII) is converted into (VI) by refluxing with 
toluene in presence of phosphorus trichloride and is decomposed by refluxing with dilute 
sulphuric acid, so that compound (IX) cannot be obtained in the latter way. In agreement 
with its constitution as a derivative of an o-diamine, when compound (VII) is treated with 
nitrous acid, 2-(5’-methyl-1' : 2’ : 3’-benztriazolyl)isoindolinone-3-acetic acid (VIII) is formed. 

When 2: 5-diketo-3-(2’-nitro-4’-methylpheny])isoindolinopyrazolidocoline, or (II) or 
(III), is refluxed with aqueous-alcoholic sodium hydroxide until the violet solution becomes 
brown, hydrolysis occurs with formation of m-nitro-p-tolylhydrazine and phthalideacetic 
acid. The further action of alkali, however, converts these products respectively into 
1-hydroxy-6-methyl-1 : 2 : 3-benztriazole (Zincke and Schwarz, Annalen, 1900, 311, 340) 
and o-carboxycinnamic acid, from which phthalideacetic acid is obtained by melting 
(Gabriel and Michael, Ber., 1877, 10, 2199). When 2-(2’-nitrophenylamino)?soindolinone- 
3-acetic acid (J.,°1935, 1800) is hydrolysed similarly, o-carboxycinnamic acid is formed, 
but no 1-hydroxy-1 : 2: 3-benztriazole was isolated. These degradation products are 
identical with authentic specimens. During the preparation of the latter we found that 
electrolytic reduction of phthalylacetic acid (Edwards, J., 1926, 816) gives phthalideacetic 
acid in low yield accompanied by much phthalic acid, whereas a good yield is obtained 
from o-cyanoallocinnamic acid (loc. cit., p. 815) by hydrolysis with boiling dilute hydro- 
chloric acid. In view of the wide range of m. p.’s of o-carboxycinnamic acid given in the 
literature (see p. 1103), we compared the various methods described for the preparation of 
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this compound. o-Carboxycinnamic acid, m. p. 205° with formation of phthalideacetic 
acid, m. p. 152°, is prepared conveniently and quantitatively by dissolving phthalideacetic 
acid in two molecular proportions of aqueous sodium hydroxide, evaporating the solution 
to dryness, and heating the resulting disodium §-(o-carboxypheny])-$-hydroxypropionate 
at 160° (cf. Leupold, Ber., 1901, 34, 2834). 

In connexion with the alkaline hydrolysis of o-cyanocinnamic acid (allo or trans), 
Edwards (loc. cit.) stated that refluxing with 10% sodium hydroxide solution for 2 hours 
yields o-carboxycinnamic acid, m. p. 182°, as does also similar treatment of o-carboxy- 
cinnamonitrile. The former statement is incorrect. The product indeed has m. p. 182°, 
but it cannot be o-carboxycinnamic acid, because it is a readily water-soluble nitrogen- 
containing monobasic acid, which melts unchanged without formation of phthalideacetic 
acid and depresses the m. p. of actual o-carboxycinnamic acid prepared as described above. 
Although some ammonia is evolved during the preparation, this is merely due to a side 
reaction, for the compound is recovered unaltered after boiling with sodium hydroxide 
solution or mineral acids. The compound is isoindolinone-3-acetic acid (X), formed from 
o-cyanocinnamic acid, via benzamide-2-6-acrylic acid, which cannot be isolated, as alkali 
converts it readily into (X) in an analogous manner to the conversion of (II) into (III). 
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This view is supported by the fact that compound (X) is also obtained by a similar alkaline 
hydrolysis of o-carboxycinnamdiamide. 

Phthalideacetic acid does not condense with m-nitro-p-tolylhydrazine to form 2-(2’- 
nitro-4'-methylphenylamino)isoindolinone-3-acetic acid, but the synthesis can be effected 
from o-carboxycinnamonitrile, via the acid chloride, which condenses readily with m-nitro- 


p-tolylhydrazine to form benzo-2'-nitro-4'-methylphenylhydrazide-2-B-acrylonitrile (XI). 
Compound (XI) is converted by methyl-alcoholic hydrogen chloride into methyl 2-(2’- 
nitro-4’-methylphenylamino)isoindolinone-3-acetate (XII), from which the free acid is 
obtained by careful hydrolysis with aqueous sodium Boney 


misao as NH-< SC —~< cH, 
(XI.) we O, i O.N (XITI.) 


CH:CH-CN | ae »CO,Me 


The synthetic acid and its methyl ester are identical with compound (III) and its methyl 
ester respectively. 
Compound (I) is converted completely into sodium hydrogen 3-(2'-nitro-4'-methylphenyl)- 
3 : 4-dihydrophthalazine-1-sulphonate-4-acetate by the action of aqueous sodium hydroxide 
for 2 days or by heating an aqueous solution under pressure. The resistance of sodium 
benzaldehydearylhydrazone-w-sulphonate-2-8-acrylic acids (e.g., I) to this ring closure 
appears to be related to the basicity of the particular arylamino-residue. Thus, compounds 
of type (I) derived from o-nitroamines are relatively stable in comparison with the m- and 
p-nitro-analogues. 
1-Hydroxy-3-(2'-nitro-4'-methylphenyl)-3 : 4-dthydrophthalazine-4-acetic acid, prepared 
from the corresponding 1-sodium sulphonate in the usual way, does not form an O-acetate, 
but prolonged boiling with acetic anhydride and pyridine gives compound (IV), although 
in much lower yield than is obtained from the isomeride (III). Compound (IV) is hydro- 
lysed by acids to compound (III) and again this is the only reaction by which we have 
succeeded in converting a phthalazine derivative into the isomeric tsoindolinone derivative. 
Iron and acetic acid reduce 1-hydroxy-3-(2’-nitro-4’-methylphenyl)-3 : 4-dihydro- 
phthalazine-4-acetic acid to the corresponding amino-acid, which readily passes into the 
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lactam. Unlike the behaviour of the lower homologue and its 4’-chloro-derivative (J., 
1935, 1805), however, the lactam in the present series is so stable that boiling dilute mineral 
acids do not convert it into 2’-amino-3-phenyl-4’-methylphthalaz-l-one and acid reducing 
agents do not convert it into 5-methyl-o-benzylenebenziminazole. Attempts to prepare 
2’-amino-3-pheny]-4’-methylphthalaz-l-one-4-acetic acid lactam or 2’-amino-3-pheny]- 
4 : 4'-dimethylphthalaz-l-one by the action of acid dichromate on the amino-acid or the 
lactam also failed. 

On the other hand, 2’-nitro-3-phenyl-4'-methylphthalaz-1-one is obtained in the usual way, 
although in much better yield than is the case with the lower homologue; the oxygen 
atom of the keto-group is methylated and the primary product combines with alcohol to 
form compounds which are sufficiently stable to enable their formule to be confirmed by 
analysis, but these compounds are merely decomposed by heat without formation of 4-keto- 
1-methoxy-3-(2’-nitro-4’-methylphenyl)-3 : 4-dihydrophthalazine. Oxidation of 1-hydr- 
oxy-3-(2’-nitro-4’-methylpheny])-3 : 4-dihydrophthalazine-4-acetic acid with potassium 
permanganate (cf. J., 1935, 1811), however, yields 1 : 4-diketo-3-(2'-nitro-4’-methylphenyl)- 
tetrahydrophthalazine and the oxygen atom of the 1-keto-group of this compound can be 
alkylated via the silver salt. 2'-Nitro-3-phenyl-4 : 4’-dimethylphthalaz-1-one also is obtained 
in the usual way, but its methylation product could not be purified. Reduction of 2’- 
nitro-3-phenyl-4’-methyl- and -4 : 4’-dimethyl-phthalaz-l-one with aqueous sodium sulphide 
does not give the corresponding amino-compounds, 


EXPERIMENTAL. 

Fuller details of preparation are given for the corresponding lower homologues (J., 1935, 
1800). 
Sodium Benzaldehyde-2'-nitro-4'-methylphenylhydrazone-w-sulphonate-2-B-acrylic Acid (1I).— 
A filtered solution of commercial 50% sodium 8-naphthol-1-sulphonate (55 g.) in water (200 c.c.) 
was stirred rapidly at 0° into a solution of diazotised m-nitro-p-toluid'1e, prepared by pouring 
a cold solution of the base (15-2 g.) in concentrated sulphuric acid (40 c.c.) into a mixture of ice 
(200 g.) and water (100 c.c.), and then adding a solution of sodium nitrite (7-3 g.) in water 
(50 c.c.) during 15 minutes with good stirring. 2’-Nitro-4’-methylbenzene-2-naphthol-1- 
diazosulphonate separated as an orange precipitate. It was washed free from acid, mixed with 
cold water (140 c.c.), and a cold solution of anhydrous sodium carbonate (30 g.) in water (120 
c.c.) added rapidly with good stirring. After 10 minutes, the resulting deep red solution of 
sodium 1-(2’-nitro-4'-methylbenzeneazo)-f-naphthaquinone-1-sulphonate, containing glistening 
plates of this compound in suspension, was stirred into a cold solution of sodium hydroxide (25 g.) 
in water (100 c.c.). The brown solution rapidly became violet and, after 1 minute, was acidified 
with concentrated hydrochloric acid within 1 minute by the addition of ethyl acetate to control 
frothing, then made alkaline with sodium carbonate, heated to 90° (charcoal), and filtered from 
2’-nitro-4’-methylbenzeneazo-f-naphthol (2 g.)._ The cold filtrate was rendered faintly acid with 
hydrochloric acid and the acid sodium salt separated as an orange precipitate. It crystallised 
from alcohol or ethyl acetate in small, bright red needles (yield, 40 g.; 93-7% calculated on the 
m-nitro-p-toluidine) (Found: S, 7-45. C,,H,,0,N,SNa requires S, 7-5%), readily soluble in 
hot water, and soluble in cold dilute sodium carbonate solution with a yellow colour and in cold 
concentrated sodium hydroxide solution with a bluish-violet colour, changing to yellowish- 
brown and then to orange on dilution. It is an orange acid dye, fugitive to light. 

Benzo-2'-nitro-4'-methylphenylhydvazide-2-B-acrylic Acid (II) and 2-(2’-Nitro-4'-methylphenyl- 
amino) isoindolinone-3-acetic Acid (III).—The preceding sodium salt (I) (5 g.) was dissolved in 
boiling water (200 c.c.), concentrated hydrochloric acid (20 c.c.) added gradually, and boiling 
continued until evolution of sulphur dioxide had ceased (3 hours). The yellow crystalline 
precipitate was a mixture of the two isomerides (total yield, 3-4 g.; 85-1%) and contained 
approximately 40% of the open-chain compound (II), but the proportion varies with the con- 
ditions; estimation was based on matching the colour of a freshly prepared 0-004% solution of 
the mixture in cold 1% sodium hydroxide solution with that of a mixture of similar solutions of 
(II) (bluish-violet) and (ITI) (yellow). 

Benzo-2'-nitro-4'-methylphenylhydrazide-2-B-acrylic acid was separated as the less soluble 
portion of such a mixture (25 g.) by heating with glacial acetic acid (70 c.c.), or alcohol, and 
filtering when hot; the residue (6 g.), crystallised rapidly without boiling from nitrobenzene— 
glacial acetic acid, formed orange-red prisms, m. p. 224—244° with ring closure and partial 
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decomposition (Found: C, 59-5; H, 4-4; N, 12-3. C,,H,,;0,;N, requires C, 59-8; H, 4-4; N, 
12-3%), soluble in cold dilute sodium carbonate solution with a deep bluish-violet colour, chang- 
ing to blue on addition of acetone. It, or the above mixture containing it, by boiling with water, 
alcohol, toluene, glacial acetic acid or nitrobenzene, or by boiling the violet solution in 1% sodium 
carbonate until yellow, was converted into (III). The latter was prepared most conveniently, 
however, by dissolving 2 : 5-diketo-3-(2’-nitro-4'-methylphenyl)isoindolinopyrazolidocoline (IV) 
(20 g.) in warm concentrated sulphuric acid (200 c.c.) and pouring the solution on ice (800 g.) 
(yield, 20 g.; 94:7%). 

2-(2’-Nitro-4'-methylphenylamino)isoindolinone-3-acetic acid crystallised from ethyl acetate 
or alcohol in bright yellow prisms, m. p. 248° (Found : C, 59-4; H, 4-45; N, 12-15. C,,H,,0O;N, 
requires C, 59-8; H, 4:4; N, 12-3%), readily soluble in glacial acetic acid. It is insoluble in 
water, but dissolves readily in sodium carbonate solution with a yellow colour and in sodium 
hydroxide solution with a wine-red colour, and dissolves in cold concentrated sulphuric acid 
with an orange colour, being reprecipitated unaltered when this solution is diluted. It is also 
unaffected by refluxing with dilute sulphuric acid (b. p. 140°), and neither reacts with nitrous 
acid nor forms an N-methyl ether. 

Derivatives of 2-(2'-Nitro-4'-methylphenylamino)isoindolinone-3-acetic Acid.—The following 
derivatives were obtained whether (II) or (III) was used: The methyl ester crystallised from 
methyl alcohol in golden-yellow needles, m. p. 157° (Found: C, 61-0; H, 4-65. C,,H,,0,;N, 
requires C, 60-85; H, 4-8%), insoluble in sodium carbonate solution, but soluble in hot sodium 
hydroxide solution with a reddish-brown colour. The crude anilide, prepared in presence of 
toluene and phosphorus trichloride, contained some (IV), which was removed by hydrolysis 
by dissolving the product in concentrated sulphuric acid, pouring the solution on ice, and ex- 
tracting (III) with sodium carbonate solution. The anilide crystallised from ethyl acetate in 
orange prisms, m. p. 258° (Found : C, 65-8; H, 4-75; N, 13-4. C,;H,,O,N, requires C, 66-3; 
H, 4:8; N, 13-45%), insoluble in alkalis. 

2 : 5-Diketo-3-(2'-nitro-4'-methylphenyl)isoindolinopyrazolidocoline (IV).—(a) The acid (III) 
(25 g.) was refiuxed with, acetic anhydride (110 c.c.) and pyridine (5 c.c.) for 3 hours; the pro- 
duct crystallised on cooling (yield, 22-5 g.; 95%). (b) The acid (2 g.) was refluxed with toluene 
(400 c.c.) and phosphorus trichloride (3 c.c.) for 14 hours (yield, 1-5 g.; 79°2%). (c) The acid 
(2 g.) was refluxed with thionyl chloride (10 c.c.) for } hour, and thionyl chloride then removed 
under reduced pressure (yield, 1-6 g.; 84:5%). Benzo-2’-nitro-4'-methylphenylhydrazide-2-B- 
acrylic acid also can be used in these methods, but the yields are lower. The most convenient 
method of preparation is to reflux the above mixture of acids (II) and (III) (50 g.) with acetic 
anhydride (180 c.c.) and pyridine (10 c.c.) for 3 hours (yield, 33 g.; 70%). 

2 : 5-Diketo-3-(2'-nitro-4'-methylphenyl)isoindolinopyrazolidocoline crystallised from glacial 
acetic acid or ethyl acetate in pale yellow needles, m. p. 233° (Found: C, 63-15; H, 4-0; N, 
13-05. C,,H,,0,N, requires C, 63-15; H, 4:0; N, 13-0%), readily soluble in chloroform, 
insoluble in cold dilute mineral acids and alkalis, but soluble in concentrated sulphuric acid 
with an orange colour and (III) is precipitated on dilution of the solution. It does not react 
with p-nitrophenylhydrazine in glacial acetic acid solution. 

Degradation of 2: 5-Diketo-3-(2'-nitro-4'-methylphenyl)isoindolinopyrazolidocoline (IV), or 
(II) or (III), with Aqueous-alcoholic Sodium Hydroxide.—The nitro-compound (IV) (20 g.) was 
refluxed with a solution of sodium hydroxide (10 g.) in water (50 c.c.) and alcohol (50 c.c.) for 
1 hour; the original deep reddish-violet colour of the solution changed to brown. After removal 
of alcohol under reduced pressure, the cold solution was acidified with hydrochloric acid ; the 
precipitate was collected, dissolved in hot dilute aqueous ammonia (charcoal), the solution 
filtered, and the cold filtrate acidified. The brown precipitate (16 g.) was separated into a 
readily soluble portion and a sparingly soluble residue by extraction with hot water (600 c.c.) 
and filtration of the hot liquid. The filtrate was concentrated and the crystalline product which 
separated on cooling was recrystallised several times from water; 1-hydroxy-6-methyl-1 : 2 : 3- 
benztriazole was obtained in characteristic, colourless, hairy needles, m. p. 176° (decomp.) 
(yield, 0-5 g.) (Found: C, 55-6; H, 4-65; N, 28-6. Calc. for C;H,ON,: C, 56-4; H, 4:7; N, 
28-2%), readily soluble in hot water and in aqueous sodium hydroxide, and identical with 
a specimen prepared from ammonium wm-nitro-p-tolylhydrazinesulphonate as described 
by Davies (J., 1922, 121, 720). The above residue was crystallised repeatedly from dilute 
alcohol (charcoal); o-carboxycinnamic acid was obtained in colourless prisms, m. p. 205° with 
conversion into phthalideacetic acid, m. p. 152° (yield, 3 g.) (Found: C, 62:5; H, 4:2. Calc. 
for C;jgH,O,: C, 62-5; H, 4-15%) (Gabriel and Michael, Ber., 1877, 10, 2199, gave m. p. 173— 
175°; Ehrlich and Benedikt, Monatsh., 1888, 9, 527, gave m. p. 183—184°; Neunhoeffer and 
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K6lbel, Ber., 1935, 68, 258, gave m. p. 203°; and Béeseken and Lochmann von K6nigsfeldt, 
Rec. trav. chim., 1935, 54, 318, gave m. p. 183—184°), identical with an authentic specimen (see 
below). Identical derivatives were also obtained from both specimens, viz., the diamide, which 
crystallised from dilute alcohol in colourless needles, m. p. 228° (Found: C, 63-05; H, 5-6; 
N, 15:15. Calc. for CygH},0,N,: C, 63-15; H, 5-25; N, 14-75%) (Gabriel, Ber., 1916, 49, 1611, 
gave m. p. 200—201°), and the dianilide, which crystallised from dilute alcohol (charcoal) in 
colourless needles, m. p. 172° (Found: C, 76-6; H, 5-5; N, 8-45. C,,H,,0,N, requires C, 77-2; 
H, 5-25; N, 8:2%). Phthalideacetic acid, derived from our specimen of o-carboxycinnamic 
acid, crystallised from toluene (charcoal) in colourless prismatic needles, m. p. 152° (Found : 
C, 62-1; H, 4:2. Calc. for C,j,H,O,: C, 62-5; H, 4:15%), identical with a specimen prepared 
by electrolytic reduction of phthalylacetic acid as described by Edwards (J., 1926, 816); the 
amide, prepared from both specimens, crystallised from dilute alcohol in colourless needles, 
m. p. and mixed m. p. 184° (Found : C, 62-8; H, 4-8; N, 7:35. Calc. for C,yjJH,O,N : C, 62-85; 
H, 4:7; N, 7-°3%) (Edwards, Joc. cit.). 

1-Hydroxy-6-methyl-1 : 2 : 3-benztriazole and o-carboxycinnamic acid were also isolated 
after similar treatment of the acids (II) and (III) with aqueous-alcoholic sodium hydroxide, but 
this decomposition did not occur when (II), (III) and (IV) were refluxed with aqueous-alcoholic 
sodium carbonate. 

Phthalideacetic Acid.-—o-Cyanoallocinnamic acid (17 g.), prepared from 1-nitroso-2-naphthol 
as described by Edwards (loc. cit., p. 815), was dissolved in water (700 c.c.), concentrated hydro- 
chloric acid (100 c.c.) added, and the solution boiled in a dish for 12 hours with additions of 
water and acid to replace losses by evaporation. The solution was then concentrated and 
filtered hot to remove any of the intermediate o-cyano-trvans-cinnamic acid, which crystallised 
from alcohol (charcoal) in colourless needles, m. p. 250° (yield, 3-9 g.).  Phthalideacetic acid 
separated from the acid filtrate on cooling and crystallised from toluene (charcoal) in colourless 
needles, m. p. 152° (yield, 11-5 g.; 60-1%). 

isol ndolinone-3-acetic Acid (X).—o-Cyanocinnamic acid (allo or trans) (10 g.) was refluxed 
with 10% sodium hydroxide solution (60 c.c.) for 3 hours, during which some ammonia was 
evolved owing to partial hydrolysis. The solution was cooled, acidified with hydrochloric acid, 
and left over-night until the precipitate had separated completely. isolndolinone-3-acetic acid 
crystallised from water in colourless prismatic needles, m. p. 182° and remelting at 182° (yield, 
9-5 g.; 86%) (Found: N, 7-5. Cj H,O,N requires N, 7-3%), readily soluble in water, alcohol, 
toluene, and dilute alkalis. It was also obtained by refluxing o-carboxycinnamdiamide (1-5 g.) 
with 10% sodium hydroxide solution (40 c.c.) for 1} hours. isoIndolinone-3-acetic acid was 
unaltered by refluxing with dilute hydrochloric acid for 8 hours or by heating with concentrated 
sulphuric acid at 100° for 1 hour; it did not react satisfactorily with phosphorus pentachloride, 
but was converted neatly into the acid chloride by thionyl chloride. iso/ndolinone-3-acetamide 
crystallised from water (charcoal) in colourless needles, m. p. 221° (Found: C, 62-95; H, 5:1; 

N, 14-55. (C, .H,,O,N, requires C, 63-15; H, 5-25; N, 14-7%), readily soluble in water and 
in organic solvents. It is not formed by melting o-carboxycinnamdiamide or by heating with 
nitrobenzene, the diamide being recovered unaltered after either treatment. 

o-Carboxycinnamic Acid.—The methods that have been described for the preparation of 
this acid (see the literature quoted above in connexion with the m. p. of this acid) were compared. 
The following method was found to be best : A solution of phthalideacetic acid (10 g.) in aqueous 
sodium hydroxide (2 mols.) was evaporated to dryness, and the resulting disodium 8-(o-carboxy- 
phenyl)-8-hydroxypropionate heated in an air-oven at 160° for 6 hours. The product was 
dissolved in cold water, and the solution precipitated with acid. o-Carboxycinnamic acid 
crystallised from dilute alcohol (charcoal) in colourless prismatic needles, m. p. 205° with con- 
version into phthalideacetic acid, m. p. 152° (yield, 10 g.; 100%). 

Synthesis of 2-(2'-Nitro-4'-methylphenylamino)isoindolinone-3-acetic Acid (III).—o-Carboxy- 
cinnamonitrile (1 g.), prepared from phthalideacetamide via phthalideacetonitrile as described 
by Edwards (/oc. cit,), and phosphorus pentachloride (1-25 g.) were heated to 100° in an oil-bath, 
and then phosphorus oxychloride was removed under reduced pressure. The colourless solid 
residue of the acid chloride (Borsche and Sander, Ber., 1915, 47, 2825) was dissolved in chloro- 
form (20 c.c.), and the solution filtered into a hot solution of excess of m-nitro-p-tolylhydrazine 
(2 g.) in chloroform (50 c.c.); an orange precipitate separated immediately. The mixture was 
refluxed for 10 minutes, water (100 c.c.) and concentrated hydrochloric acid (3 c.c.) then added, 
chloroform removed, and the reddish-brown precipitate (yield, 1-5 g.; 80-6%) filtered off and 
washed with water. Benzo-2’-nitro-4'-methylphenylhydrazide-2-B-acrylonitrile (XI) crystallised 
from toluene in orange prismatic needles, m. p. 201°, containing toluene of crystallisation which 
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could not be removed completely by heat (Found in material dried at 120°: C, 66-4; H, 5-2; 
N, 15:5. C,,H,,O3;N,,4C,H, requires C, 66-85; H, 4:9; N, 15-2%), sparingly soluble in most 
organic solvents and very slightly soluble in hot aqueous sodium hydroxide with a wine-red 
colour and odour of toluene. 

Compound (XI) (1 g.) was suspended in dry methyl alcohol (40 c.c.) and saturated with dry 
hydrogen chloride at 0°. After 12 hours, the dark orange solution was refluxed for 2 hours and 
then concentrated. The orange-brown precipitate which separated on cooling crystallised from 
methyl alcohol (charcoal) in golden-yellow needles, m. p. and mixed m. p. 157°, identical with 
methyl 2-(2’-nitro-4'-methylphenylamino)isoindolinone-3-acetate (see p. 1103) (yield, 0-25 g.; 
22-7%). Careful hydrolysis of this ester (XII) with aqueous sodium hydroxide and crystal- 
lisation of the alkali-soluble product from glacial acetic acid gave 2-(2’-nitro-4’-methylpheny]l- 
amino)isoindolinone-3-acetic acid, yellow prisms, m. p. and mixed m. p. with (III) 248°. 

2 : 5-Diketo-3-(2'-amino-4'-methylphenyl)isoindolinopyrazolidocoline (V).—The nitro-com- 
pound (IV) (10 g.) was dissolved in boiling glacial acetic acid (100 c.c.) and water (25 c.c.), and 
iron powder (5 g.) added gradually so that steady ebullition was maintained. The mixture 
was then refluxed for } hour, filtered hot, and the filtrate poured into water (1500 c.c.); pale 
green felted needles separated. 2: 5-Diketo-3-(2'-amino-4'-methylphenyl)isoindolinopyrazo- 
lidocoline crystallised from ethyl acetate (charcoal) in colourless feathery needles, m. p. 233° 
(yield, 8 g.; 882%) (Found: C, 69-45; H, 5-1; N, 14-55. (C,,H,,0,N, requires C, 69-6; 
H, 5-1; N, 14:3%), soluble in most organic solvents and in acids, and diazotisable. It does not 
react with ~-nitrophenylhydrazine. Similar conditions to those used for the monoacetylation 
of the lower homologue (loc. cit.) resulted in a difficulty separable mixture of the more soluble 
mono- and the less soluble di-acetyl derivative. The diacetyl derivative, prepared by refluxing 
(2-5 g.) with acetic anhydride (25 c.c.) and pyridine (2 c.c.) for 6 hours, crystallised from alcohol 
in colourless glistening plates, m. p. 194° (Found: C, 66-8; H, 5-1; N, 11-15. C,,H,,O,N,; 
requires C, 66-85; H, 5-05; N, 11-15%) 

2: 2’-Anhydro-2 : 5-diketo-3-(2'-amino-4'-methylphenyl)isoindolinopyrazolidocoline (VI1).—(a) 
A solution of the amino-compound (V) (5 g.) in dilute sulphuric acid (1: 1) (10 c.c.) was heated 
to b. p., then cooled at once, and water (100 c.c.) added. The sulphate which separated crystal- 
lised from alcohol (charcoal) in almost colourless needles (3-6 g.), m. p. 269° (decomp.) [Found : 
N, 13:15. (C,,H,,;ON;),,H,SO, requires N, 12-95%], and was basified with sodium carbonate 
solution (yield, 3 g.; 63-7%). (b) The amino-compound (5 g.) was refluxed with toluene (300 
c.c.) and phosphorus trichloride (2 c.c.) for 4 hours (yield, 1-2 g.; 255%). It was also obtained 
by method (b) from the amino-acid (VII) (yield, 15%) and from the lactam (IX) (yield, 21%). 

2: 2’-Anhydro-2 : 5-diketo-3-(2'-amino-4'-methylphenyl)isoindolinopyrazolidocoline crystallised 
from ethyl acetate in large colourless prisms, m. p. 242° (Found: C, 73-95; H, 4-65; N, 14-9. 
C,,H,,ON, requires C, 74:15; H, 4-7; N, 15-25%), soluble in most organic solvents and in 
moderately concentrated mineral acids, but insoluble in alkalis. The picrate crystallised from 
alcohol in bright yellow needles, m. p. 239° (Found: C, 54-5; H, 3-0; N, 17:25. C,,;H,,O,N, 
requires C, 54-75; H, 3-15; N, 16-7%), and was also obtained directly, but more slowly, from 
(V); the base (VI) was recovered on warming the picrate with aqueous ammonia. 

2-(2’-A mino-4'-methylphenylamino)isoindolinone-3-acetic Acid (VII).—The nitro-acid (III) 
(10 g.), moistened with alcohol, was dissolved in a solution of sodium hydroxide (10 g.) in water 
(300 c.c.), and hyposulphite (about 20 g.) added at 80° until the deep red colour had changed 
to pale yellow. The solution was filtered (charcoal), the excess of alkali in the cold filtrate 
neutralised very carefully with dilute acetic acid, and the white precipitate filtered off, washed 
with cold water, and dried in a vacuum over calcium chloride (yield, 6-6 g.; 72-3%). It was 
also obtained, but in lower yield, by a similar reduction of (IV). 

2-(2'-A mino-4'-methylphenylamino)isoindolinone-3-acetic acid crystallised from dilute alcohol 
in pale greyish, prismatic needles, becoming green at 180° and melting at 185° (decomp.) (Found : 
C, 65-2; H, 5-5; N, 13-3. C,,H,,O,N, requires C, 65-6; H, 5-45; N, 13-5%), soluble in most 
organic solvents, the solutions soon becoming green owing to decomposition, with the result that 
crystallisation must be carried out rapidly. It is readily soluble in cold dilute mineral acids and 
alkalis. It.does not form an acetyl derivative, but yields 2: 5-diketo-3-(2'-diacetamido-4’- 
methylpheny]l)isoindolinopyrazolidocoline (above). The product of an attempt to prepare an 
anilide in presence of phosphorus trichloride and toluene was (VI). Methylation with methyl 
alcohol and hydrogen chloride gave the methyl ester hydrochloride, pale greyish, prismatic 
needles, m. p. 204° (decomp.) (Found: N, 11-6; Cl, 9-75. C,sH,,O,N;,HCl requires N, 11-6; 
Cl, 98%), sparingly soluble in hot water, insoluble in alkalis, and converted into the rather 
unstable base of the methyl ester by addition of sodium hydroxide to a hot aqueous solution. 
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2-(5'-Methyl-l' : 2’ : 3'-benztriazolyl)isoindolinone-3-acetic Acid (VIII).—The amino-acid (VII) 

(10 g.) was dissolved in cold 10% sulphuric acid (200 c.c.), and a solution of sodium nitrite 
(2-3 g.) in water (20 c.c.) added at 0°. The yellow precipitate rapidly became pink, and after 
1 hour was filtered off and washed with water. 2-(5'-Methyl-1' : 2’ : 3'-benztriazolyl)isoindolinone- 
3-acetic acid crystallised from dilute alcohol (charcoal) in almost colourless needles, m. p. 253° 
(yield, 9-6 g.; 92-7%) (Found: N, 17-65. C,,H,,0,N, requires N, 17-4%), readily soluble in 
alkalis and insoluble in dilute mineral acids. The amide crystallised from dilute alcohol in 
colourless needles, m. p. 214° (Found: C, 63-4; H, 48; N, 21-6. C,,H,,0O,N, requires C, 
63-55; H, 4-65; N, 21-8%), insoluble in alkalis and dilute mineral acids. The anilide crystal- 
lised from dilute alcohol in colourless needles, m. p. 221° (Found: C, 68-9; H, 4:65; N, 17-9. 
C,,;H,,0,N, requires C, 69-5; H, 4-8; N, 176%). The methyl ester, obtained either by methyl- 
ating (VIII) with methyl alcohol and hydrogen chloride or by the action of nitrous acid on the 
methyl ester of (VII), could not be purified or crystallised (Found: N, 16-0. C,,H,,O,N, 
requires N, 16-65%). 

2-(2’-A mino-4'-methylphenylamino)isoindolinone-3-acetic Acid Lactam (IX).—The sulphate 
of 2: 2’-anhydro-2 : 5-diketo-3-(2’-amino-4’-methylphenyl)isoindolinopyrazolidocoline (3 g.) 
was refluxed with dilute sulphuric acid (1 : 1) (20 c.c.) for 3 hours; the brown solution was cooled 
to 0°, diluted with water (50 c.c.), and neutralised with ammonia with ice-cooling, and the pre- 
cipitate crystallised (yield, 1-2 g.; 44:2%). It was also obtained (yield, 16%) by refluxing 
2 : 5-diketo-3-(2’-amino-4’-methylpheny])isoindolinopyrazolidocoline with dilute sulphuric acid 
under the same conditions, but it was not obtained by the action of mineral acids on 2-(2’- 
amino-4’-methylphenylamino)isoindolinone-3-acetic acid, although many experiments were 
carried out with both sulphuric and hydrochloric acid under a variety of conditions, the products 
being intractable resins. 

2-(2’-A minophenylamino)isoindolinone-3-acetic acid lactam crystallised from ethyl acetate in 
colourless feathery needles, m. p. 231° (Found: C, 69-6; H, 5-2; N, 14-55. C,,H,,0,N, 
requires C, 69-6; H, 5-1; N, 14-35%), readily soluble in cold dilute mineral acids and insoluble 
in alkalis. The picrate crystallised from alcohol in yellow needles, m. p. 226° (Found : C, 52-9; 
H, 3°35; N, 16-3. C,3H,,O,N, requires C, 52-85; H, 3-45; N, 16-1%); the base (IX) was 
recovered by warming the picrate with aqueous ammonia. 

Sodium Hydrogen 3-(2'-Nitro-4'-methylphenyl)-3 : 4-dihydrophthalazine-1-sulphonate-4- 
acetate—(a) A solution of sodium _1-(2’-nitro-4'-methylbenzeneazo)-§-naphthaquinone-1- 
sulphonate in sodium hydroxide, prepared exactly as described under sodium benzaldehyde-2’- 
nitro-4’-methylphenylhydrazone-w-sulphonate-2-8-acrylic acid (I) (p. 1102), instead of being 
acidified after 1 minute, was kept at room temperature for 2 days and then acidified. After 
separation from 2’-nitro-4’-methylbenzeneazo-$-naphthol (1-4 g.), the product was isolated in 
the usual manner (yield, 41 g.; 96%, calculated on the m-nitro-p-toluidine). (b) A solution of 
sodium benzaldehyde-2’-nitro-4’-methylphenylhydrazone-w-sulphonate-2-f-acrylic acid (42-7 g.) 
in 20% aqueous sodium hydroxide (500 c.c.) was kept at room temperature for 2 days (yield, 
38-4 g.; 89-9%), or the sodium salt (2-5 g.) was heated with water (15 c.c.) in a sealed tube at 
150° for 6 hours (yield, 2-1 g.; 84%). The identity of the products was confirmed by conversion 
into 1-hydroxy-3-(2’-nitro-4’-methylphenyl)-3 ; 4-dihydrophthalazine-4-acetic acid. 

Sodium hydrogen 3-(2'-nitro-4'-methylphenyl)-3 : 4-dihydrophthalazine-1-sulphonate-4-acetate 
crystallised from dilute alcohol in brownish-yellow needles, which became redder on drying, 
or from ethyl acetate in orange-red needles (Found: S, 7-0. C,,H,,0,N,SNa requires S, 
7-56%), readily soluble in hot water, but not very soluble in organic solvents. It is a yellowish- 
orange acid dye, fugitive to light. 

1-Hydroxy-3-(2'-nitro-4'-methylphenyl)-3 : 4-dihydrophthalazine-4-acetic Acid.—A solution of 
the preceding sodium hydrogen salt (20 g.) in water (800 c.c.) was boiled, and concentrated 
hydrochloric acid (80 c.c.) added gradually until evolution of sulphur dioxide had ceased. The 
acid separated in yellowish-brown crystals; recrystallised from ethyl acetate or glacial acetic 
acid, it formed large yellow prisms, m. p. 233° (yield, 14-5 g.; 90-8%) (Found: C, 59-2; H, 
4-45; N, 12-25. C,,H,,0,N, requires C, 59-8; H, 4-4; N, 123%), almost insoluble in benzene 
or toluene. It dissolves readily in cold dilute sodium carbonate or hydroxide solution with a 
reddish-brown or reddish-violet colour respectively, and dissolves in cold concentrated sulphuric 
acid with an orange colour, being reprecipitated unaltered when this solution is diluted. 

The methyl ester crystallised from methyl alcohol in long yellow needles, m. p. 169° (Found : 
C, 60-6; H, 47; N, 12-15. C,,H,,O,N, requires C, 60-85; H, 4-8; N, 118%), insoluble in 
sodium carbonate solution, but soluble in hot sodium hydroxide solution with a reddish-violet 
colour. The N-methyl ether, 1-keto-3-(2'-nitro-4'-methylphenyl)-2-methyltetrahydrophthalazine- 
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4-acetic acid, crystallised from methyl alcohol or glacial acetic acid in orange prisms, m. p. 187— 
188° (decomp.) (Found: C, 60-6; H, 4:9; N, 12-2. C,,H,,0O,N, requires C, 60-85; H, 4-8; 
N, 11-8%), soluble in cold dilute sodium carbonate or hydroxide solution with an orange or 
reddish-brown colour respectively. 

2 : 5-Diketo-3-(2'-nitro-4'-methylphenyl)isoindolinopyrazolidocoline (IV).—1-Hydroxy-3-(2’- 
nitro-4’-methylpheny])-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) was refluxed with acetic 
anhydride (30 c.c.) and pyridine (2 c.c.) for 66 hours; the product crystallised on cooling; 
recrystallised from glacial acetic acid, it formed pale yellow needles, m. p. and mixed m. p. 233° 
(yield, 2-9 g.; 30-6%). 

1-H ydroxy-3-(2'-amino-4'-methylphenyl)-3 : 4-dihydrophthalazine-4-acetic Acid and its Lactam. 
—lIron powder (7 g.) was added gradually during 10 minutes to a boiling solution of 1-hydroxy- 
3-(2’-nitro-4’-methylpheny]l)-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) in glacial acetic acid 
(100 c.c.) and water (80 c.c.); the mixture was boiled for 20 minutes longer (charcoal) and filtered 
hot. The filtrate was either (a) poured on ice (250 g.), mainly the acid separating (yield, 7 g. ; 
76-8%), or (b) added to boiling water (100 c.c.), boiled for 10 minutes (charcoal), and filtered, 
and the filtrate allowed to crystallise. In the latter case, the crystalline product was mainly 
the lactam and a little of the acid; a further quantity of the acid was isolated by partial neutralis- 
ation of the filtrate with sodium carbonate solution (yield of lactam, 4-3 g., and of acid, 2-2 g.; 
74:1%). The lactam was best prepared by dissolving the acid in aqueous sodium carbonate, 
then rendering the solution faintly acid with dilute hydrochloric acid and boiling, almost 
colourless prisms progressively separating. The acid, a greyish-white powder, m. p. 180—200° 
(decomp.) without conversion into the lactam (cf. J., 1935, 1805), could not be purified, as heating 
with water, aqueous mineral acids or organic solvents converted it into the lactam. The /actam 
crystallised from alcohol in almost colourless prisms, m. p. 282—284° (Found : C, 69-3; H, 5-3; 
N, 14:6. C,,H,,0,N; requires C, 69-6; H, 5-1; N, 14:3%), insoluble in cold alkalis, but soluble 
in boiling aqueous sodium hydroxide with a pale yellow colour and reprecipitated unaltered on 
acidification. Unlike the lower homologue and its 4’-chloro-derivative (loc. cit.), the lactam is 
remarkably stable to mineral acids and was recovered unaltered after refluxing with dilute 
sulphuric acid (b. p. 140°), or with concentrated hydrochloric acid, for 3 hours. 2’-Amino-3- 
phenyl-4’-methylphthalaz-l-one could not be obtained from either the acid or its lactam even 
by heating with dilute sulphuric acid (1: 1) in a sealed tube for 120° for 3 hours. Moreover, 
5-methyl-o-benzylenebenziminazole could not be obtained from the acid by boiling with stannous 
chloride, tin and hydrochloric acid, or with zinc dust and dilute sulphuric acid, the products 
being intractable resins. Neither the acid nor its lactam could be converted into 2’-amino-3- 
phenyl-4’-methylphthalaz-l-one-4-acetic acid lactam or 2’-amino-3-phenyl-4 : 4’-dimethyl- 
phthalaz-l-one by the action of acid dichromate (cf. J., 1935, 1807); a substance, colourless 
needles, m. p. 311—313° (decomp.), was obtained, but this requires further investigation. 

2’-Nitro-3-phenyl-4'-methylphthalaz-l-one.-—A solution of 1-hydroxy-3-(2’-nitro-4’-methyl- 
pheny]l)-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) in concentrated sulphuric acid (45 c.c.) 
was diluted carefully with water (50 c.c.) and refluxed for 14 hours; the dark brown solution 
was then diluted with water (100 c.c.), boiled (charcoal), and filtered, and the filtrate kept for 
l day. The brown crystalline sulphate was filtered off and neutralised by grinding with warm 
aqueous ammonia. A further quantity, but less pure, was isolated by neutralising the filtrate 
from the sulphate with aqueous sodium hydroxide. 2'-Nitro-3-phenyl-4'-methylphthalaz-1-one 
crystallised from methy] alcohol in yellow prisms, m. p. 256—258° (yield, 4-3 g.; 52-2%) (Found : 
C, 64-4; H, 4-2; N, 15-2. C,;H,,O,N, requires C, 64-05; H, 3-9; N, 14-95%), soluble in warm 
sodium hydroxide solution with a reddish-brown colour and soluble in aqueous mineral acid. 
Reduction with aqueous sodium sulphide or hydrosulphide gave intractable resins. 

Action of methyl sulphate. 2'-Nitro-3-phenyl-4’-methylphthalaz-l-one (2 g.) in dry nitro- 
benzene (30 c.c.) was heated at 120°, and methyl sulphate (1-5 g.) added slowly. After 4 hour, 
the orange product was isolated (cf. J., 1928, 2554). The 1-methoxy-derivative combined with 
methyl alcohol and then crystallised in orange-yellow needles, m. p. 119—121° (Found: C, 
63-0; H, 5-0; OMe, 19-2. C,,H,,0O,N, requires C, 62-4; H, 5-2; OMe, 18-95%), and combined 
with ethyl alcohol and then crystallised in orange-yellow prismatic needles, m. p. 115—117° 
(Found: C, 63-2; H, 5-6; OMe and OEt, 22-15. C,,H,,O,N, requires C, 63-3; H, 5-6; OMe 
and OEt, 22:3%). Both compounds are decomposed by heat, but without formation of 4-keto- 
1-methoxy-3-(2’-nitro-4'-methylpheny]l)-3 : 4-dihydrophthalazine. 

1 : 4-Diketo-3-(2’ -nitro-4' - methylphenyl)tetrahydrophthalazine.—1-Hydroxy -3- (2’-nitro-4’- 
methylpheny]l)-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) was oxidised with aqueous potass- 
ium permanganate in a similar manner to the 4’-nitrophenyl-analogue (J., 1935, 1811). 1: 4- 
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Diketo-3-(2'-nitro-4'-methylphenyl)tetrahydrophthalazine crystallised from glacial acetic acid in 
yellow prisms, m. p. 286—288° (yield, 3 g.; 344%) (Found: C, 60-6; H, 3-8; N, 14-2. 
C,;H,,0,N, requires C, 60-6; H, 3-7; N, 14-1%), soluble in aqueous alkalis with a yellow colour. 
The yellow silver salt (2 g.) was refluxed with ethyl iodide (2 g.) and dry benzene (20 c.c.) for 
3 hour. 4-Keto-1-ethoxy-3-(2'-nitro-4'-methylphenyl)-3 : 4-dihydrophthalazine crystallised from 
benzene in pale yellow, glistening plates, m. p. 185°, containing benzene of crystallisation, 
gradually lost in air, the crystals then becoming opaque (Found in material dried at 100°: 
C, 62-7; H, 4:55; N, 13-2. C,,H,,0,N, requires C, 62-75; H, 4:6; N, 12-9%). 

2’-Nitro-3-phenyl-4 : 4'-dimethylphthalaz-1-one—A solution of 1-hydroxy-3-(2’-nitro-4’- 
methylpheny])-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) in cold concentrated sulphuric 
acid (75 c.c.) was poured on ice (100 g.), and finely powdered potassium dichromate (4 g.) added 
at 15—20° during 1 hour with good agitation. After 2 hours’ further stirring, the mixture 
was left over-night at room temperature and then neutralised with concentrated aqueous sodium 
hydroxide with ice-cooling. The orange sticky product which separated was ground with warm 
aqueous ammonia and solidified after 2—3 hours; it was filtered off, ground with dilute sodium 
carbonate solution, and then washed with water. 4'-Nitro-3-phenyl-4 : 4'-dimethylphthalaz-1- 
one crystallised from methyl alcohol in pale yellow, prismatic needles, m. p. 236° (yield, 6-5 g.; 
75°1%) (Found : C, 65-1; H, 4-35; N, 14-0. C,,H,,;0,N; requires C, 65-1; H, 4-4; N, 14-2%), 
soluble in aqueous mineral acid, and soluble in warm dilute sodium hydroxide solution with a 
reddish-brown colour, converted into deep violet on addition of acetone, this being a character- 
istic property of 2’-nitro-3-aryl-4-methylphthalaz-l-ones. Reduction with aqueous or aqueous- 
alcoholic sodium sulphide or hydrosulphide gave intractable resins. 

Action of methyl sulphate. 2'-Nitro-3-phenyl-4 : 4’-dimethylphthalaz-l-one (1-2 g.) and 
methyl sulphate (1-2 g.) were stirred and heated to 50°; the yellow soluticn was kept at 45° for 
} hour, then added to boiling water (100 c.c.), boiled for 1 minute, and cooled, and concentrated 
sodium acetate solution added to remove mineral acid. After several hours, the cloudy solution 
was filtered, and the filtrate basified with sodium carbonate; the yellow gelatinous precipitate 
soon changed to a deep red resin. Although the crude material contained a methoxy-group, it 
decomposed during attempted purification from organic solvents. By ‘addition of perchloric 
acid to a fresh diluted methylation mixture, a perchlorate was obtained, but it also was unstable 
and decomposed on attempted crystallisation. 


We are indebted to Alliance Colour and Chemical Co. and Imperial Chemical Industries 
Ltd. (Dyestuffs Group) for gifts of chemicals. 


CLOTHWORKERS’ RESEARCH LABORATORY, LEEDS UNIVERSITY. (Received, April 28th, 1936.] 





233. Organic Molecular Compounds. Part II. 
By G. MACDONALD BENNETT and RAcpuH L. WAIN. 


In Part I (J., 1929, 256) the view was advocated that the components of many molecular 
compounds are united by some form of true valency bond, and tentative suggestions were 
put forward as to how such unions might be formulated. It was pointed out that, in the 
large class of complex formed between polynitro-compounds on the one hand and bases 
or aromatic hydrocarbons on the other, the relation between the two components must 
be that of acceptor and donor molecules respectively. 

A study of the stabilities of such complexes in chloroform solution by a partition 
method, since published by Moore, Shepherd, and Goodall (J., 1931, 1447), led these 
authors to the conclusion that combination with production of colour was accompanied by 
a second phenomenon involving association of nitro- or polynitro-compounds with picric 
acid without any increase of colour. The latter they regard as probably due to dipole 
association and not usually leading to the isolation of solid compounds. The possibility 
of isolating a crystalline complex is, however, so much influenced by the solvent chosen 
and the solubility relationships of the substances’ concerned that too much stress should 
not be laid on any failure to obtain solid complexes. Compounds of nitrobenzene with 
both di- and tri-nitrobenzene have in fact since been demonstrated by thermal analysis 
(Hammick, Andrew, and Hampson, J., 1932, 171; Hammick and Hanson, J., 1933, 669), 
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and a complex of «-nitronaphthalene with trinitrobenzene is also known (Sudborough, J., 
1916, 109, 1339). 

As regards the main combination, however, the influence of various substituents on the 
degree of combination found by Moore and his colleagues is entirely compatible with the 
view that the base or hydrocarbon molecule functions as donor. 

On the assumption that one nitro-group serves as the point of attachment in such 
complexes, the function of additional nitro-groups being a polar reinforcement of the first 
group, we concluded that in this capacity they should be open to replacement by other 
electron-attracting groups, and this was in part confirmed by the demonstration that 
5-nitrobenzene-1 : 3-disulphony] chloride and methyl 5-nitro‘sophthalate formed compounds 
with several hydrocarbons and a base respectively, although this behaviour had not 
previously been recognised as shown by mononitro-compounds. This point required 
further investigation, and we now describe a study of the formation of such complexes by 
several other mononitro-compounds of the type CgH,(NO,)X,. 5-Nitroisophthalyl chloride 
(X = COCI), 5-nitroisophthalonitrile (X = CN), 5-nitroisophthalamide (X = CO-NH,), 
5-nitro-1 : 3-bismethylsulphinylbenzene and the corresponding disulphone (X = SO*CH, and 
SO,°CH;) have been prepared and examined from this point of view, and at the same time 
the related 2: 4-dinitrobenzonitrile, 3 : 5-dinitrobenzoic nitrile, amide, ester, and acid 
chloride were included. To make the study logically complete, we then prepared and 
examined two substances of the type C,H,X3, in which X was respectively COCI and CN. 

In the examination of compound formation we regard the formation of an intense colour 
when the components are mixed in solution as significant, particularly when associated 
with the separation of a coloured crystalline molecular compound which is analysed. It 
has been suggested that colour production in solution is not necessarily evidence of chemical 
action, but we prefer the view that, in general, the production of intense visible colour 
when two colourless substances are mixed is to be regarded as indicating some new 
molecular species. 

The nitrile, ester, amide, and acid chloride of 3 : 5-dinitrobenzoic acid all readily yield 
a number of molecular compounds, usually of the molecular ratio 1:1. The dinitronitrile 
combines in the ratio of 2: 1 with benzidine, which is readily understood in view of the 
presence of two basic centres: it also yields 2:1 compounds with fluorene, diphenyl, 
and anthracene—substances having in the molecule two separate benzene nuclei not 
directly fused together. This also is in accord with a rule formulated by Sudborough 
(loc. cit.) and is consistent with our general view that each separate nucleus may become a 
donating centre. 

The isomeric 2 : 4-dinitrobenzonitrile gives colours with both bases and hydrocarbons 
in solution, but no crystalline compound was actually isolated. It is possible that the 
less symmetrical structure of this substance determines a lower stability of the complexes, 
but more probably the failure to isolate a compound is a result of the relative solubilities 
of the substances in the solvents used. An examination was therefore made of the melting- 
point curve for the system 2 : 4-dinitrobenzonitrile-6-naphthylamine and a remarkably 
stable 1 : 1 complex was recorded of m. p. 135° (the nitrile has m. p. 99-6° ; the amine 112-1°). 

In the more novel class of compounds, as the behaviour of each was examined with a 
similar representative set of hydrocarbons and amines, an indication is obtained as to the 
comparative tendencies to the formation of complexes. In this respect the groups X are 
found to fall into the following relative positions of diminishing tendency to promote 
compound formation : (a) COC] > CO,Me > CO-NH,; (b) SO,Cl > SO,Me > SOMe; and 
(c) NO. > CN > CO,Me. These comparisons are clearly consistent with the view that the 
substituents favour the formation of molecular compounds according to the strength of 
their polar effects, since the above series follow the order of diminishing (observed or 
presumable) inductive effects. The outstanding position of the nitro-group, however, as 
compared, ¢.g., with the cyano-group suggests that not merely the inductive but also an 
electromeric effect is concerned. 

The examination of the two substances of the type CgH,X, provided the interesting 
result that the ¢riniirile forms compounds with two amines, and the triacid chloride 
coloured complexes with five aromatic hydrocarbons and one amine. 
4B 
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The formulation of this class of complex remains a matter of some difficulty. In Part I 
the view was adopted that attachment was dative from the hydrocarbon or amine to the 
nitro-compound, and that it must be actually from a single ethylene bond, suitably 
polarised, to a nitro-group—also suitably polarised. Further evidence that the ethylene 
bond can function as a single donating group has been provided recently (Anderson, J., 
1934, 971), but the experiments of Hammick and Sixsmith (J., 1935, 580) are more nearly 
related to our work, and they undoubtedly provide the most convincing evidence yet 
found that in the case of the combination of the hydrocarbon indene with a polynitro- 
compound, the union is effected reversibly at a measurable speed, and consequently involves 
some covalency change. At the same time, direct evidence was obtained that the double 
bond of indene is concerned and becomes inert in the complex. It is probable, although 
admittedly not certain, that the same is true for such complexes of other hydrocarbons. 
In our own experiments no indication has been obtained of any time factor in combination 
or the development of colour. 

These authors discuss the possibility that the union is between a double bond and a 
nitro-group, but we find it impossible to accept their representation of this for the following 
reasons: (a) the polarisation of the nitro-group in the way they suggest appears to us to 
be unsound, being opposite to the familiar kationoid behaviour of this group; (0) the 
formulation does not appear to represent the nitro-compound as acceptor in the complex; 
(c) this formulation could be extended to include the groups COC] and CN only by postul- 
ating other polarisations of an equally improbable kind; (d) the formulation does not 
appear to provide any explanation of the intense colour of the complexes. 

That combination may occur at the nitro-group seems to be inevitable from the occur- 
rence of a red complex of naphthalene with hexanitroethane (Will, Ber., 1914, 47, 964), but 
the complexes formed by trimesic acid trichloride and s-tricyanobenzene show that the 
nitro-group is not essential. 

Attachment to the COCI group in the polarised form (I) appears to be a possibility 
according to the method previously suggested (Part I) for the nitro-group, but when the 
same conception is applied to the cyano-group the formula (II) is deduced for the complex 
with a primary amine. Such a substance must tend to pass into the form (III), which is 


@ 9° * 
—O At—C=N® Arc H i 

Cl e@NH,Ar’ NHAr 
(I.) (II.) (III.) 


an amidine. But the complex actually obtained from s-tricyanobenzene and a-naphthyl- 
amine is coloured, and unstable to aqueous acids in a way which is quite incompatible with 
its formulation as an amidine. This difficulty is avoided if it be assumed that in all these 
cases the acceptor molecule accepts at a nuclear carbon atom, activation of the adjacent 
double bond having been influenced by the presence of polar substituent groups. The 
bonding will then be from carbon to carbon unless a base is involved, in which case the 
nitrogen atom may (and with saturated bases clearly must) be directly involved. This 
view has the advantage that it affords some explanation of the special importance of the 
nitro-group in promoting complex formation, since this group may assist not only by its 
general polar influence but by its electromeric polarisation, the polarisation originally 
postulated being extended into the nucleus in the form (IV) or (V). The cyano-group can 
presumably assist only by its general polar effect. 


Iv.) ae CnC’ (v) 


The formula thus evolved for the complex of a primary amine with a polynitro- 
compound is virtually identical with (VI), originally suggested by Sudborough (J., 
1901, 79, 523) but later abandoned by him for the less definite views of Pfeiffer (J., 
1916, 109, 1840). At that time this formula appeared to be inapplicable to the case 
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of a tertiary base, but that difficulty no longer exists, since such a formula as (VII) is 
conceivable. 
0, 2 
2,NR; 


Ov _NOs wHaAr | 
(VL) =< pan< (VIL) 
HO” ne e in 
NO NO, 


A similar view has recently been taken by Buehler, Hisey, and Wood (J. Amer. Chem. 
Soc., 1930, 52, 1939). The union of parts by a carbon-to-carbon linkage may be regarded 
as an unstable and incomplete action, somewhat analogous to the more stable self-addition 
of anthracene and the diene syntheses. 


EXPERIMENTAL. 


Preparation of 3: 5-Dinitrobenzonitrile.—3 : 5-Dinitrobenzoic acid was converted into its 
chloride, b. p. 211—213°/16 mm., which crystallised from carbon tetrachloride in colourless 
needles, m. p. 66—67°. The action of concentrated aqueous ammonia yielded the amide, m. p. 
180—181°. This was dried for 2 hours at 110°, and then heated with phosphoric oxide (1} mols.) 
in an oil-bath at 200—210° for 4 hours. The cooled product was extracted with water and then 
with boiling ethyl alcohol. 3: 5-Dinitrobenzonitrile was thus obtained in yellow monoclinic 
prisms, m. p. 127° (yield, 55% from the amide) (Found: C, 43-5; H, 1-6. C,H,O,N, requires 
C, 43-5; H, 16%). 

Derivatives of 5-Nitroisophthalic A cid.—6-Nitroisophthalic acid, m. p. 246°, was converted by 
phosphorus pentachloride into its chloride, which, twice crystallised from carbon tetrachloride, 
had m. p. 66—68° (Found: Cl, 28-3. C,H,O,NCI, requires Cl, 28-6%). This reacted with 
concentrated aqueous ammonia to give the diamide, m. p. above 300°. 

The diamide (dried at 110° for 2 hours) was heated with phosphoric oxide (2} mols.) in an oil- 
bath at 240—245° for 8 hours. The product was washed with water and then boiled out with hot 
glacial acetic acid, from which it crystallised in yellow needles (yield, 38%). The 5-nitro-1 : 3- 
dicyanobenzene obtained was recrystallised from benzonitrile and then from amyl alcohol, 
forming minute colourless needles with a straight extinction, m. p. 205° (Found: C, 55-5; 
H, 1-9. C,H,O,N,; requires C, 55-5; H, 1-75%). 

Derivatives of Trimesic Acid.—Trimesic acid was prepared as described by Ullmann and 
Uzbachian (Ber., 1903, 36, 1799) except that the use of a mechanical stirrer made it possible to 
reduce the time of oxidation by half (yield, 78%). The dried acid was converted into its iri- 
chloride by heating with phosphorus pentachloride (3} mols.) and fractional distillation under 
reduced pressure. The trichloride had b. p. 213°/13 mm., and crystallised from light petroleum 
at 0° in colourless needles, m. p. 35—37° (Found: Cl, 40-2. C,H,O,Cl, requires Cl, 40-1%). 

The trichloride was converted by concentrated aqueous ammonia into the triamide, m. p. 
365° (corr.; decomp.). This substance was insoluble in all the solvents examined. It was 
dried at 120° for 2 hours, powdered, and heated with phosphoric oxide (4 mols.) at 300—320° 
for 15 hours. The cooled product was washed with water and extracted with boiling alcohol 
(yield, 9%). s-Tricyanobenzene, so obtained, crystallised from methyl alcohol in colourless 
needles with a straight extinction, m. p. 261—263° (corr.) (Found: C, 70-5; H, 2-0. C,H;N, 
requires C, 70-6; H, 2-0%). 

Preparation of Derivatives of 5-Nitro-1 : 3-bismethylthiobenzene.—Nitrobenzene-3 : 5-disul- 
phonic acid was best prepared by boiling a mixture of benzene-m-disulphony]l chloride (60 g.), 
oleum (120 g. of 20%), and nitric acid (200 g., d 1-5) for 12 hours. The mixture was evaporated 
on the steam-bath, and on cooling, solidified to a mass of crystals of the free acid. This was 
collected on a sintered-glass filter and dried on porous earthenware. The free acid was con- 
verted by warming with phosphorus pentachloride (4 mols.) into the acid chloride, m. p. 93° 
(yield, 68%). 

5-Nitrophenylene-1 : 3-dithiol was produced when the nitrobenzenedisulphonyl chloride 
(10 g.), dissolved in glacial acetic acid (75 c.c.), was reduced by hydriodic acid (d 1-7; 98 c.c. 
with 50 c.c. of acetic acid). After 1 hour, the mixture was diluted, and sulphur dioxide passed 
to remove iodine. The product was filtered off, washed with water, and dried. It was a fine 
brown powder, m. p. 140—150° (decomp.) (yield, 92%). 

The dithiol (6 g.) was heated at 58° with 300 c.c. of 50% alcohol, and potassium hydroxide 
(4 g. in 50 c.c. of water) added slowly with shaking. After 2 hours at 58°, the deep red solution 

was cooled to 40°, and methyl sulphate (6-5 c.c.) added. After $ hour the mixture was made 
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strongly alkaline and left over-night. The product was filtered off, washed with water, and 
recrystallised from alcohol. 5-Nitro-1 : 3-bismethylthiobenzene, C gH ;(NO,)(SMe),, was thus 
obtained in pale yellow needles (1-6 g.), m. p. 92° (Found : C, 44-8; H, 4-2. C,H,O,NS, requires 
C, 44-6; H, 4-2%). It was oxidised by perhydrol in cold acetic acid to the disulphoxide, m. p. 
176—185° (presumably a mixture of stereoisomerides, but these were not separated) (Found : 
C, 38-5; H, 3-4. C,H,O,NS, requires C, 38-9; H, 3-6%). 

An excess of perhydrol in boiling glacial acetic acid gave the disulphone, CgH;(NO,)(SO,Me),, 
white microscopic needles from dilute acetic acid, m. p. 214° (Found: C, 34:1; H, 3-0. 
C,H,O,NS, requires C, 34-4; H, 3-2%). 

Molecular Compounds.—The two components were mixed, usually in approximately equi- 
molecular proportion but sometimes with an excess of one, in a suitable solvent, and the 
compound which crystallised was filtered off. This was in certain cases recrystallised, but more 
often analysed forthwith. Particular attention was paid to the colour of the compound and to 


any coloration in the solution, whether a crystalline compound was isolated or not. 


Second 
component. 
a-Naphthyl- 

amine 


First 
component. 
Methyl 3 : 5- 

dinitro- 
benzoate 


B-Naphthyl- 
amine 
Benzidine 
p-Toluidine 
Naphthalene 
Acenaphthene 
Phenanthrene 
s-Trimethoxy- 
benzene 


a-Naphthyl- 
amine 


8-Naphthyl- 
amine 
Benzidine 


3: 5-Dinitro- 
Nzo- 
nitrile 


Dimethylaniline 

Aniline 
-Toluidine 
aphthalene 

Acenaphthene 


Phenanthrene 
Fluorene 


Diphenyl 
Anthracene 


s-Trimethoxy- 
benzene 
Toluene 


Mesitylene 


Naphthalene 
Anthracene 
Acenaphthene 
Dimethyl- 
aniline 


3: 5-Dinitro- 
benzoyl 
chloride 


3: 5-Dinitro- a-Naphthyl- 
benzamide amine 
Acenaphthene 


a-Naphthyl- 
amine 

B- Naphthyl- | 
amine 

Benzidine 

Aniline 


2 : 4-Dinitro- 
benzo- 
nitrile 


Acenaphthene 
Anthracene 
Phenanthrene 
Naphthalene 
Fluorene 
Diphenyl 


Solvent. 


MeOH 


cc 
MeOH 
C,H,Me 
CyH,Me, 
cc 


cl, with excess 
base 
EtOH 


” 


EtOH + MeOH 


Colour of 
solution. 


Deep red 


Orange-red 
Deep red-brown 
Deep orange-red 
Yellow 

Deep yellow 
Yellow 


Deep yellow 
Deep red 


Orange-red 
Dark brown 


Deep red 
Deep red 
Yellow 
Deep yellow 


Yellow 
Yellow 
Yellow 
Orange 
Bright yellow 
Yellow 
Yellow 
Yellow 
Orange 
Yellow 
Bright red 
Deep red 
Yellow 
Deep red 
Orange-red 
Dark brown 


Bright orange- 
red 


Canary-yellow 


Pale yellow 


* The values in ere are b theoretical percentages. 
§ Bs 


requires N, 11-7%. 


requires N, 12- ou 


Compound. 
1: 


) 


2: 


of fluorene 
32 

of diphenyl 
1 of 


anthracene 





t The l 


2 
f 
 & 
Re 
1 
1 


Colour of solid. 
1 Deep red needles 
Orange needles 
Jet-black plates 

Deep red prisms 
Lemon-yellow needles 
Bright yellow needles 


Lemon-yellow needles 
Bright yellow needles 


Dark red needles 


Deep red needles 
Black needles 


Deep purple plates 
Or red needles 


Bright yellow needles 
| 
Yellow needles 
Orange plates 
Lemon-yellow needles 
Yellow crystals 
Lemon-yellow crystals 


Orange- 
Bright yellow needles 


M. p. 
120° 


Analysis.* 
(cf. Reichstein, 

Helv. Chim. 

Acta, 1926, 9, 


799) 
88—90 N, 11-4 (11-4) 


99—102 
72 
77—80 
85—87 


117—119 
71—73 


166—169 16-9 (16-7) 


109—113-5 N, 16-9 (16-7) 
161—163 N, 19-8 f¢ (19-6) 


71—73 
87 
96—98 


123 
148—150 


N, 17-6 (17-4) 
N, 19-7 (19-6) 
N, 18-1 (18-7) 


11-5 (11-3) 
15-5 ¢ (15-2) 


15-7 § (15-6) 
15-1 |j (14-9) 
11-5 (11-6) 


C,H Me, 
32-5 (32-3) 
C,H,Me,, 
38-8 (38-3) 
Cl, 99 (9-9) 
Cl, 8-6 (8-7) 
Cl, 91 (9-2) 


107—108 
128—130 


96—99 
151—153 
81—82 
41—94 
92—97 
127° 


130—151 
149—151 


crystals too unstable for analysis 


Scarlet needles 
Yellow needles 


.comnenns requires N, 18-6 
ry The 1: 1 compound requires 


149 
148—150 


N, 16-0 (15-8) 
N, 11-2 (11-5) 


> No crystalline compounds isolated (but see p. 1114) 


t The 1:1 compound 
11-3%. 


%, 





First 
component. 
1-Nitro-3 : 5- 

dicyano- 
benzene 


5-Nitroiso- 
phthal- 
amide 


5-Nitro-1 : 3- 
bismethyl- 
sulphonyl- 
benzene 


5-Nitro-1 : 3- 
bismethyl- 
sulphinyl- 
benzene 


s-Tricyano- 
benzene 


Organic Molecular Compounds. 


Second 
component. 
a-Naphthyl- 


amine 
B-Naphthyl- 

amine 
Benzidine 
p-Toluidine 


Aniline 
Acenaphthene 
Anthracene 
Phenanthrene 
Fluorene 


Naphthalene 
Diphenyl 


Acenaphthene 
Phenanthrene 


Anthracene 


a- and £-Naph- 
thylamines 
p-Toluidine 


thra: 
Phenanthrene 


a-Naphthyl- 
amine 
Aniline 


B- a 


hemaghtiens 


Phenanthrene 


Fluorene 


a-Naphthyl- 
amine 
8-Naphthyl- 
amine 
Benzidine 
Aniline 
Anthracene 
Phenanthrene 
Acenaphthene 
Naphthalene 
Fluorene 
Diphenyl 


— 
Benzidine 
Aniline 
Dimethylaniline 
—" 
Toluidine 


Solvent. 
COMe, + H,O 


n-C,H,,-OH 


NH,Ph 
COMe, + H,O 
or n-C,H,,-OH 


or HOAc 


cCcl, 


Glycol 


BucOH 


or HOAc 


or HOAc 


n-C,H,,-OH 


Colour of 
solution. 


Deep red 
Orange-red 
Brown 
Deep red 
Deep red 
Yellow 


Yellow 


Pale yellow 


Yellow 
Bright yellow 
Deep yellow 
Brown-yellow 


” 
” 


Pale yellow 


Deep red 
Deep red 


Red 
Lemon-yellow 


Very pale yel- 
low 
Pale yellow 


No visible color- 
ation 


Deep orange- 
red 

Orange-red 

Reddish-brown 

Orange-red 

Yellow 

Very pale yel- 
low 


No visible color- 
ation 


Bright yellow 


Brown 


Bright yellow 


© visible colour with hydrocarbons. 


Naphthalene 


Acenaphthene 
Phenanthrene 
Anthracene 
Fluorene 
Dimethylaniline 
Mesitylene 


Low b. p. par- 
affin dried 
over Na 


C,H,Me, 


Pale yellow 


Yellow 
Yellow 
Yellow 
Yellow 
Deep red 
Purple 





Compound. 


Se I 
1:1 


2: 


1: 
1: 
1: 


No crystalline compounds isolated 


1 of 
benzidine 


1 
1 
1 


Colour of solid. 
Deep red needles 


Dark red needles 
ar > ant 


tes 
Deep red needles, de- 
comp. on keeping 


Bright red prisms 
Yellow prisms 


Greenish-yellow 


needles 
Pale yellow feathery 
crystals 
Golden-yellow needles 


No compounds isolated 


ist 


a3 
1:1 


Red-brown plates 


Dark red prisms 


>No compounds isolated 


Dark yellow needles 
Yellow-brown plates 


No compounds isolated 


Almost colourless 
tals 


Pari II. 


M. p. 
147—149 


105—107-5 
173 
62 


95—170 
156—-160 


139—143 
134—137 
122—154 


165—167 


168 
(decomp.) 
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Analysis.* 
N, 17-4 (17-7) 


N, 17-5 (17-7) 
N, 21-0 ¢ (21-1) 
N, 19-8 (20-0) 


N, 20-7 (21-0) 
N, 12-8 (12-8) 


Cl, 17-8 (17-7) 
Cl, 16-4 (16-7) 
Cl, 17-1 (16-7) 


N, 6-6 (6-6) 


PhNH. 
24-5 24-65 
(25-0%) 


Cl, 26-7 (27-1) 


Cl, 25-6 (25-4) 


Cl, 27-4 (27-5) 


The 1: 1 compound requires N, 19-6%. 


* The values in ntheses are the theoretical percen t 
vie t requires N, 20-8%. 


The 2:1 com 


Thermal Examination of the System 1 : 3 : 5-Tricyanobenzene—A nthracene.—The observations 
were made by the m. p. method of Rheinboldt and Kircheisen (J. pr. Chem., 1926, 118, 348 ): 
the temperatures are corrected, T, being the point at which liquid is first detected and 7, 
that at which the last solid disappears. 
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0 14°5 26°4 35-2 41:9 50°0 
261°0° 186°5° 185°4° 186-5° 186-0° 185°3° 
262°2 249°5 236°9 225°7 2171 207°2 

60°3 64°7 68°2 83-2 100 
186°3° 186°8° 186°5° 188°6° 219°0° 
191-9 189°8 196°7 213-1 220°6 


There is no evidence of compound formation, the eutectic point being at 186-7°, 63 mols. % of 
anthracene. 


The System 2 : 4-Dinitrobenzonitrile-B-Naphthylamine.— 

8°6 18:1 27°7 37°8 46:2 

89°2° 91°3° 90°5° 89°7° 91°1° 

112-1 106°8 97°1 104°3 122-4 132°6 

51°9 58-0 73°9 81-3 91-2 100 

74°3° 75°0° 74°6° 73°8° 98-9° 

128°9 100°5 83°4 90°9 99°6 
The curve reveals a stable compound of composition 1 : 1 and of congruent m. p. 135°, with 

eutectic points at 90-3°, 23 mols. % of nitrile; and 74-4°, 84 mols. % of nitrile. 


THE UNIVERSITY, SHEFFIELD. [Received, May 14th, 1936.] 





234. Organic Molecular Compounds. Part III. Compounds of 
Phenols with Some Synthetic Cyclic Oxides. 


By G. MACDONALD BENNETT and RatpH L. WAIN. 


THE tendency of the cyclic oxide cineole (inset) to form stable inolecular compounds with 
phenols (Bellucci and Grassi, Gazzetta, 1913, 48, 712; Morgan and Pellett, J. Soc. Chem. 


Ind., 1935, 54, 22) has hitherto remained a unique phenomenon. It 

CMe may be regarded as indicating both an oxygen atom in a specially active 

H é Lo state, and a general structure which favours stable solid complexes. 

ar | High donating power in the oxygen atom of cineole is to be expected in 

HyC cu, CMe: view of its attachment on either side to tertiary carbon atoms, and in view 

also of the fact that the oxygen atom is a member of a ring, since ring 

formation appears to increase the basic activity of oxygen (cf., e.g., Bennett 

and Philip, J., 1928, 1937). Furthermore, the formation of a stable crystal assemblage is 

doubtless favoured by the rigidity of the strutted ring system and the compactness of the 
tertiary carbon groups. 

In order to put these considerations to the test, we have synthesised four cyclic oxides 
which might be expected to resemble cineole from this point of view. The method by which 
we proposed to study the formation of compounds with phenols required, for convenient 
working with small quantities of material, that the m. p.’s of the oxides should be well 
above laboratory temperature, and of the four new cyclic oxides three were suitable for 
study, and each, as we had anticipated, yields complexes with a number of phenols. 

The method of synthesis adopted was the conversion of a dicarboxylic ester, A(CO,R)., 
by the action of a large excess of methylmagnesium iodide into the glycol, A(CMe,°OH),, 
and dehydration of this by the action of 60—70% sulphuric acid to yield the oxide 
A<CMe>O (cf. preparation of aaa’a’-tetramethyltetramethylene oxide; Pogorzesky, 
J. Russ. Phys. Chem. Soc., 1903, 35, 882). The esters used were methyl phthalate, 6-phenyl- 
glutarate, phenylsuccinate, and diphenate, also ethyl camphorate. 

The action of organomagnesium compounds on phthalic esters has been investigated 
several times (Shibata, J., 1909, 95, 1449; Hewitt and Steinberg, P., 1912, 28, 140; Ott and 
Schurmann, Ber., 1928, 61, B, 2122), and the last-named authors isolated o-xylylene 
glycol, m. p. 166°. We find that this substance is readily converted by 60% sulphuric 
acid into the cyclic oxide tetramethylphthalan, m. p. 72°. 





Organic Molecular Compounds. Part III. 1115 


Methylmagnesium iodide in ethereal solution converted methyl $-phenylglutarate into 
4-phenyl-2 : 6-dimethylheptane-2 : 6-diol, m. p. 71°, which yielded on dehydration the cyclic 
oxide 4-phenyl-2 : 2 : 6 : 6-tetramethyltetrahydropyran, m. p. 57-5°. 

Methyl phenylsuccinate by similar reactions furnished the glycol, 3-phemyl-2 : 5-ds- 
methylhexane-2 : 5-diol, m. p. 62°, and the oxide 3-phenyl-2 : 2 : 5 : 5-tetramethyltetrahydro- 
furan, m. p. 40°. From methyl diphenate the glycol, 00’-di-(a-hydroxyisopropyl) diphenyl, 
m. p. 139°, was obtained and converted into its cyclic oxide, m. p. 92°. 

No pure individual substance could be isolated from the products of heating ethyl 
camphorate with an excess of methylmagnesium iodide in boiling toluene for 24 hours, a 
result which we attribute to steric hindrance. 

These oxides do not yield crystalline compounds with hydrogen chloride, boron tri- 
fluoride, or perchloric acid, but a study of the thermal diagrams for systems of these sub- 
stances with certain phenols and acids gave interesting results (see e.g., Figs. 1—6). A 
wide range of substances was taken with the simplest oxide tetramethylphthalan : a few 
only were used with each of the others. 

Tetramethylphthalan yields compounds with «a-naphthol (1:1), m. p. 92-6°; with 
8-naphthol (2 oxide : 1 naphthol) of congruent m. p. 79-3°; with p-bromophenol (1 : 1), 
m. p. 54:3°; with p-iodophenol (1:1), m. p. 51-8°; with catechol (1:1), m. p. 85-5°; 
with resorcinol (2 oxide : 1 phenol), congruent m. p. 88-5°; with #-xylenol (1:1), m. p. 
40-5°; but it gives no evidence of combination with s-trichloro- or s-tribromo-phenol or 
with phenylacetic or 0-toluic acid. 

Phenyltetramethyltetrahydropyran forms compounds with «-naphthol (1:1), m. p. 
69°; with catechol (1:1), m. p. 78°; with resorcinol (2 oxide: 1 resorcinol), congruent 
m. p. 67:5°; but it does not form any stable compound with $-naphthol. 

The cyclic oxide from methyl diphenate yields an unstable compound with «-naphthol 
(2 oxide : 1 naphthol) having an incongruent m. p. of 76°, but none with catechol. 

There can be little doubt that the association of the oxide oxygen with the hydroxyl 
group of the phenol is the principal factor determining the existence of these molecular 
compounds. The union by co-ordination through hydrogen is now regarded as a resonance 
phenomenon (Sidgwick, Ann. Reports, 1933, 80, 112). The compounds are in general equi- 
molecular in composition, as this conception requires. The results for two different oxides 
with resorcinol and catechol and the failure to combine with the trihalogenophenols are 
consistent with this view, for it is easy to understand that for steric reasons or because of 
chelate co-ordination, only one of the two hydroxyl groups of catechol may be able to 
function as a point of attachment, whereas in resorcinol each hydroxyl group may attach 
an oxide molecule separately to itself; and the hydroxyl group of the trihalogenophenols 
may be rendered inactive owing to chelation or to steric hindrance. 

At the same time, the formation of a compound of two molecules of tetramethylphthalan 
with one of $-naphthol, and that of two of the cyclic oxide from methyl diphenate with one 
of «-naphthol suggests that the composition of the solid complex is partly determined in 
these cases by forces of a lower order concerned in the packing of molecules into the crystal 
assemblage. 

In this connection it is noteworthy that the thermal diagrams do, in fact, provide 
evidence of the existence of compounds in the liquid phase. The form taken by the curves 
near the m. p. of a molecular compound which dissociates incompletely in the liquid phase 
was discussed in detail by van Laar (Proc. K. Akad. Wetensch. Amsterdam, 1906, 8, 699), 
and a method was indicated for an approximate determination of the degree of such 
dissociation. We have applied this method in two cases, and find that the extent of dissoci- 
ation at the m. p. of the complexes of tetramethylphthalan with «-naphthol and p-bromo- 
phenol is of the order 58% and 40% respectively. 

Since the law of mass action is assumed to hold when molecular concentrations of the 
components are used, departure from ideal behaviour of the solutions is ignored, and there 
is, moreover, some uncertainty in the determination of the heat Qp of fusion of the com- 
pound with partial dissociation, so these values can have little quantitative significance. 
They suffice, however, to emphasise the fact that the complexes persist to a considerable 
extent in solution. 
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As regards the absence of solid complexes of an oxide with two carboxylic acids ex- 
amined, it may be pointed out that such complexes would be far lower in compactness of 
structure and in rigidity than those derived from the phenols, and that consequently it 
need not be regarded as surprising if they have m. p.’s too low for observation. 


EXPERIMENTAL. 


Tetvamethylphthalan.—Methylmagnesium iodide (1 mol.) was prepared in the usual manner 
in ether (350 c.c.), the ether evaporated, and dry benzene (250 c.c.) added. Methyl phthalate 
(4 mol.) was gradually added, the mixture left over-night, and boiled under an upright condenser 
(8 hours). The mixture was added to ice and dilute sulphuric acid, and the whole extracted 
five times with ether. The extract, dried over potassium carbonate, on evaporation left o- 
xylylene glycol as a pinkish solid, which was freed from oil (yield of crude glycol, 40%) and twice 
recrystallised from benzene, forming colourless needles with a straight extinction, m. p. 166° 
(Found : C, 74:1; H, 9-2. Calc.: C, 74-2; H, 9-3%). 

When the foregoing operation was conducted in ethereal solution, the only definite product 
isolated was a white substance, m. p. 108—111°. This has the composition of a keto-alcohol 
C,H,(COMe)*CMe,°OH (Found: C, 74:0; H, 7-8. C,,H,,O, requires C, 74-2; H, 7-9%), but 
it was not further examined. 

The glycol (10 g.) was shaken for 1 hour with 60% sulphuric acid (75 c.c.) at 50—60°; the 
mixture was then diluted, extracted five times with ether, and the extract dried over potassium 
carbonate and evaporated. aaa’a’-Tetramethylphthalan (I, in figs. and tables) was left as a 
white solid, and after successive crystallisations from benzene and aqueous alcohol formed 
colourless plates of characteristic, slightly camphoraceous odour, m. p. 71—72° (Found: 
C, 81-7; H, 9-0. C,,H,,O requires C, 81:7; H, 9-15%). 

Phenyltetramethylietrahydropyran.—Methy1 6-phenylglutarate (m. p. 86°) was boiled with 
methylmagnesium iodide (8 mols.) in ether for 12 hours, and the product isolated as before. 
The glycol, 4-phenyl-2 : 6-dimethylheptane-2 : 6-diol, was obtained (yield, 80%) in colourless 
monoclinic plates, m. p. 70—71°, from light petroleum (Found: C, 76-2; H, 10-2. C,,H,,0, 
requires C, 76-2; H, 10-2%). Dehydration of this glycol (1 part) was effected by shaking it 
at 65° for 14 hours with 70% sulphuric acid (8 parts), diluting the liquid, and extracting it five 
times with ether. The product, recovered from the extract after drying over potassium carbon- 
ate, was crystallised successively from light petroleum and aqueous alcohol. 4-Phenyl- 
2:2: 6: 6-tetramethyltetrahydropyran (III, in figs. and tables) was thus obtained in colourless 
prisms with an oblique extinction, m. p. 57-5° (Found :- C, 82-3; H, 10-2. C,;H,,O requires 
C, 82-5; H, 10-2%). 

Phenyltetramethyltetrahydrofuran.—Methy] phenylsuccinate was converted precisely as in the 
preceding case into 3-phenyl-2 : 5-dimethylhexane-2 : 5-diol which crystallises from light petroleum 
in hair-like needles with a straight extinction, m. p. 61—62° (yield, 62%) (Found: C, 75-8; 
H, 9-9. C,,H,,O, requires C, 75-6; H, 10-0%). The glycol (1 part) was shaken at 30—40° 
for 2 hours with 70% sulphuric acid (8 parts), the mixture diluted, and the product isolated as 
before. The oil solidified, and was recrystallised in succession from paraffin and from aqueous 
alcohol (yield, 68%). 3-Phenyl-2: 2: 5: 5-tetramethyltetrahydrofuran was thus obtained as 
colourless monoclinic plates with an optic axis emerging perpendicular to the plane of the plate. 
It has a faintly camphoraceous odour and m. p. 39—40° (Found: C, 82-0; H, 9-7. C,,H,,O 
requires C, 82-3; H, 9-9%). 

Cyclic Oxide from Methyl Diphenate.—The ester (m. p. 74°) was boiled with a benzene solu- 
tion of the reagent (8 mols.) for 18 hours, and the product isolated as before. The viscous 
brown oil so obtained was left exposed to the air and slowly deposited crystals, which were 
separated with the aid of light petroleum. The solid (yield, 25% of the weight of ester taken) 
was recrystallised successively from absolute ethyl and methyl alcohol, 2 : 2’-di-(«-hydroxyiso- 
propyl)diphenyl being obtained in small colourless crystals, m. p. 139° (Found : C, 79-9; H, 8-1. 
C,gH,,O, requires C, 80-0; H, 8-2%). 

Dehydration was effected by shaking for 2 hours at 25—30° with 70% sulphuric acid (15 
parts) and a little ether to facilitate mixing. The mixture was diluted, and the product isolated 
in the usual manner. The cyclic oxide (II, in figs. and tables) thus obtained (yield, 72%) was 
repeatedly crystallised from methyl alcohol and formed well-defined monoclinic prisms, m. p. 
90—91-8°, with 6 = 118° (Found: C, 85-9, 85:3; H, 7-9, 7-9. C,,H,,O requires C, 85-7; H, 


8-0%). 
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Examination of Phase Diagrams in Some Binary Systems of Three Cyclic Oxides. 


Method of Experiment.—Observations were made of eutectic temperatures, T, (thaw- 
points), and melting temperatures, T,, small quantities being used in m. p. capillaries according 
to the “ thaw-point method ” of Rheinboldt and Kircheisen (J. pr. Chem., 1926, 113, 348). 
The readings were taken on a thermometer graduated to 0-1° and are of considerable precision, 
although they may presumably be subject to a slight positive error. Any such error should, 
however, be fairly constant. No correction has been applied for the exposed stem of the 
thermometer, as this would be in the opposite direction to the error referred to and of the same 
order of magnitude. 

A selection of the results is shown graphically in Figs. 1—6, and the complete data are 
tabulated below. 

Systems with Tetramethylphthalan (Oxide 1). 

a-Naphthol (Curve 1). 

12:1 25°8 34:0 39°8 44°9 49°8 55°0 
76°3° 76°4° 76°1° 76°3° 76°4° 89°3° 75°8° 
90°3 81-0 79°4 88:1 91°6 92°5 92-1 
67°1 76°3 84:2 90°0 93-1 100 
64°2° 64°3° 64°3° 64°2° 63°9° 71°1° 
86:1 78°3 69°8 66°6 68°9 7271 

The curve shows a well-defined compound (1:1) with congruent m. p. 92-6°; eutectic 
points at 76-2°, 32-5 mols. % oxide; and 64-2°, 88 mols. % oxide. 


B-Naphthol. 
Oxide, mols. %... O 214 325 414 447 505 604 694 815 881 95:3 100 
} 121°1° 69°7° 69°9° 70°2° 70°5° 70°0° 70°9° 65°1° 65°3° 65°2° 65°0° 71-1° 
1220 1075 95°83 81°7 761 744 78:2 789 755 694 691 721 
A well-defined compound (2 oxide: 1 naphthol) is revealed with congruent m. p. 79-3°; 
eutectic points at 70-1°, 47-5 mols. % oxide ; and 65-1°, 91 mols. % oxide. 


p-Bromophenol. 
Oxide, mols. % 0 171 289 35°0 37°38 448 513 6553 61°6 65°7 69°7 834 100 
63°0° 29°8° 29°9° 30°1° 29°5° 30°2° 52°1° 41°2° 40°6° 40°4° 39°5° 39°9° 71°1° 
64°0 49°2 37°4 391 461 62°2 542 532 493 468 455 594 72:1 
A well-defined compound is formed (1:1) with congruent m. p. 54-3°; eutectic points at 
29-9°, 33-5 mols. % oxide; and 40-1°, 68 mols. % oxide. 


p-Iodophenol. 
13°9 24°1 31°9 36°8 40°2 43°8 46°2 
42°9° 42-0° 43°2° 42°5° 42°8° 42°1° 42°2° 
83:1 72°6 58°8 47°6 481 49°7 51:2 
54°4 59°0 62°9 71°6 80°7 89°6 100 
39°2° 38°8° 38°5° 39°6° 39°1° 39°4° 71°1° 
61-1 48°4 44°9 47°7 57°8 65°3 721 
The curve shows the formation of a compound (1: 1) with congruent m. p. 51-8°; eutectic 
points at 42-2°, 38 mols. % oxide; and 38-9°, 67 mols. % oxide. 


s-T richlorophenol. 
Oxide, mols. % 0 100 2271 284 399 474 51:9 60:0 67:1 758 864 100 
66°7° 62°7° 55°1° 48°3° 36:2° 20°3° 91° 10°6° 41°8° 56°1° 66°5° 72°1° 
The eutectic temperature was not observed: mixtures between 52 and 60 mols. % of oxide 
did not solidify. The curve is of the simple eutectic type without compound formation, and the 
eutectic point is about — 10°, 56 mols. % oxide. 


s-Tribromophenol (Curve 2). 
13-1 27°8 39°2 47°4 49°9 
38°3° 38°7° 38°5° 38°1° 39°0° 
86°9 780 68°5 60°1 57:1 
68-1 76°4 84°3 93°9 100 
38°3° 38°5° 38°7° 38°8° 71-1° 
49-1 57°8 63-2 69-0 721 
The curve shows a simple eutectic with no combination. The eutectic point is 38-1°, 62 
mols. % oxide. 
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Catechol. 
Oxide, mols. % 0 9°7 203 31°6 402 486 59°7 660 748 803 87-1 93-9 100 
103°9° '79°8° 80°2° 79°6° 79°2° 80°1° 57°9° 58°7° 58°5° 59°2° 58°9° 59°3° 71-1° 
104°7 100°4 93°5 846 83°7 85°2 83-7 80°4 73:3 66-1 62°2 682 72:1 
The curve shows a compound (1: 1) with congruent m. p. 85-5° and eutectic points at 79-6°, 
36 mols. %, and 58-9°, 84 mols. % oxide. . 


Resorcinol (Curve 3). 
0 9°4 26°1 39°8 49°5 52°6 §7°1 61-7 

71°6° 72°3° 72°8° 72°6° 73°2° 73°0° 72°6° 

110°1 106°3 97°5 87°9 717°8 779 82°4 86°1 

67-2 75°9 83°2 89-1 94°4 100 
81-6° 65°8° 66°8° 67°2° 65°4° 71-1° 
88°5 85°9 80°1 72°5 68°1 72-1 
A well-defined compound is revealed (2 oxide: 1 resorcinol) with congruent m. p. 88-5°. 
The eutectic points are at 72-5°, 52 mols. % oxide; and 65-5°, 93 mols. % oxide. 


p-Xylenol. 
0 256 40°0 451 51:2 55:0 60°0 61:1 65:2 75:2 885 100 
76°0° 37°9° 36°8° 36°8° 34°5° 34°8° 34:4° 33°8° 34-2° 33-5° 343° 71°1° 
775 604 453 39°83 39°7 402 38°7 365 41°8 53-1 64:6 72-1 
A relatively unstable compound (1: 1) with congruent m., p. 40-5° is present, and the eutectic 
points are at 36-8°, 44 mols. % ; and 34-1°, 62 mols. % oxide. 


Phenylacetic acid. 
0 99 199 29°83 389 489 541 595 706 788 903 100 
76°8° 37°4° 37°2° 36°9° 37:0° 37°1° 36°8° 36°9° 37:1° 37°0° 37-1° 71+1° 
777 «7371 664 591 518 41°38 40:1 465 55:0 606 674 # 72:1 


There is no compound formation, the eutectic point being at 37-0°, 68 mols. % oxide. 


o-Toluic acid. 
0 19°8 30°2 40°1 50°1 56°3 64:1 74°8 88:2 100 
103°9° 49°2° 49°4° 49°4° 49°3° 49°5° 49°2° 49°3° 49°6° 71-1° 
104°7 92°6 85:1 76°5 68°4 62°6 al 55°5 65°5 72:1 


The system forms a simple eutectic at 49-3°, 52 mols. % oxide. 


Gols CMeg 
‘ C,H,—CMe, 
a-Naphthol (Curve 4). 
0 157 29°0 368 47°7 571 63°7 67:0 71:2 759 82:0 100 
95°1° 65°2° 65°4° 65°7° 64°8° 64°6° 70°2° 73°6° 72°5° 72°8° 72°7° 90°0° 
962 881 790 714 70°56 741 757 762 764 %79'4 826 #£91°8 
There is an unstable compound (2 oxide: 1 naphthol) with an incongruent m. p. at 76°. 
The eutectic point at 65-2°, 42 mols. % oxide, is well defined. The second eutectic arrest is at 
72°7°, 


Systems with Oxide II 


Catechol. 


25°1 41°8 51°6 58:1 73°7 85°5 100 
73°9° 740° 73°8° 73°6° 74°2° 73°9° 90-0° 
94°4 86°8 80°8 771 79°8 85°5 91°8 


The curve is simple, with a eutectic point at 73-8°, 63 mols. % oxide. 


Systems with Phenyltetramethyltetrahydropyran (Oxide ITI). 
a-Naphthol (Curve 5). 
0 121 253 350 404 458 529 606 72:2 80:1 901 100 
95°1° 62°1° 61°6° 61°8° 61°3° 61°4° 48°6° 48°0° 483° 48-1° 48-3° 56:2° 
962 902 788 670 659 680 684 65°83 5883 509 53°38 657°5 
The curve shows a single compound (1 : 1) with congruent m. p. 68-9° and eutectic points at 
61-5°, 38 mols. % oxide; and 48-2°, 82 mols. % oxide. 
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B-Naphthol. 
0 19°0 41-2 49°2 64:1 79°5 91°8 100 
36°9° 37°1° 37°3° 35°2° 37°4° 37°6° 56°2° 
120°8 108°4 85°3 74°5 42°7 48°4 54°2 57°6 


The curve is simple, with a eutectic point at 37-3°, 66 mols. % oxide. 


° Catechol (Curve 6). 
0 213 386 433 476 51°74 582 665 804 885 93:7 100 

103°9° 74°7° 75°3° 75°2° 74°4° 65°8° 51°5° 50°9° 51°1° 50°9° 50°7° 56-2° 

104°7 946 82°6 78:2 77°76 779 76°7 73:2 63:1 53°99 548 57°5 

The curve shows the formation of an unstable compound (1: 1) of m. p. 77-9°; there is a 
eutectic point at 51-0°, 90 mols. % oxide, and the eutectic arrest for mixtures rich in catechol 
is at 74-8°. 

Resorcinol. 

Oxide, mols. % 0 23° 38:0 485 54:7 603 67:9 72:1 78°7 847 885 93:0 100 
109°0° 60°4° 58°9° 59°5° 59°3° 60°4° 63°1° 52°7° 52°1° 52°7° 51°9° 51°6° 56°2° 
110°1 965 83°9 69°2 63°2 65°8 67:1 663 646 60°2 543 55°71 57°55 

The curve shows the existence of a well-defined compound (2 oxide: 1 resorcinol) with 
congruent m. p. at 67-5°. The eutectic points are at 59-5°, 53 mols. % oxide; and 52-1°, 90 mols. 
% oxide. 

Examination of the Extent of Dissociation on Melting in Two Instances.—It was shown by 
van Laar (Joc. cit.) that, provided the law of mass action holds when molecular concentrations 
are used, and that a binary compound dissociates at its m. p., T,, in the liquid phase to a degree 
a, which is not too small (at least 0-2), then 

ae oS 
Q 4a 


(1) 


in which T is the temperature to which T, is depressed by the presence of a mol.-fraction x of 
one of its constituents, R is the gas constant, and Q, is the heat of fusion of the compound with 
partial dissociation. Q, may be determined from 
og | ne, a a 

where x is now the molecular proportion of an added foreign solute (cf. Kremann and Grasser, 
Monatsh., 1916, 37, 761). 

The compounds of oxide I with (a) a-naphthol and (b) p-bromophenol were examined, 
naphthalene being used as foreign solute. 


(a) Compound with a-naphthol; M = 320. Naphthalene, M = 128. 


Compound, g. Added C,,H,g, g. Mol.-fraction, *%. AT. Q, [by equation (2)], cals, 
0°1517 0°0105 0°146 41° 9300 
0°0155 0°204 6°5 8200 
Mean 8750 


From the original m. p. curve : 

Oxide, mols. %. M.p. Added oxide, mols. %. ; a [by equation (1)]. 
50°0 92°6° 
55°0 92°1 0°182 . 0°59 
60°2 90°5 0°339 ? 0°56 

The degree of dissociation is of the order 0°58. 


(b) Compound with p-bromophenol; M = 349. Naphthalene, M = 128. 


Compound, g. Added C,,Hsg, g. Mol.-fraction, x. AT. Q, (by equation (2)], cals. 


0°2269 0°1040 0°144 5°3° 5700 
0°0234 0°220 88 5300 


; Mean 5500 
From the original m. p. curve : 
Oxide, mols. %. M.p. Added oxide, mols. %. : a [by equation (1)]. 
50°0 54°3° 
55°3 53°2 0-192 ; 0°39 
61-6 49°8 0-376 ‘ 0°41 
The degree of dissociation is of the order 0°40. 


Tue UNIVERSITY, SHEFFIELD. (Received, May 14th, 1936.] 
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235. A Potentiometric Investigation of Electrolytic Dissociation. Part IV. 
The Anion Affinity of Copper, Zinc, Cadmium, Silver, and Hydrogen Ions. 


By Epna FERRELL, J. M. Ripcion, and H. L. RILeEy. 


THE variation of kation concentration caused by the addition of excess of a particular anion 
to an aqueous solution of a salt provides a means whereby some idea can be gained of the 
extent and nature of complex-ion formation in the solution (Parts I, II, and III; J., 1932, 
514; 1934, 1440, 1448). This method, which is only approximate, has already provided 
results which leave little doubt as to their qualitative accuracy. It has also been shown, 
with ten different anions, that the anionophilic nature of the cupric ion is consistently 
greater than that of the cadmium ion. These studies have now been extended to zinc, 
silver, and hydrogen ions. The sparing solubility of many silver salts, and the ease with 
which silver nitrate is reduced by many highly kationophilic anions, restricted the number 
of experiments which could be performed with silver and it was consequently necessary, 
for comparison purposes, to extend the series of salts studied in the case of copper and 
cadmium. 
EXPERIMENTAL. 


The potentiometric titrations were carried out in the manner already described (loc. cit.). 
The silver electrodes were prepared by plating the metal on to platinum from a 15% silver 
nitrate solution with a C.D. of approx. 
0-05 amp./cm.?. Before use, the elec- 
trodes were short-circuited over-night 
in the nitrate bath. The crystalline 
deposit of silver was washed with 
oxygen-free water, and the electrodes 
were used in the half-elements in an 
atmosphere of hydrogen. 

For the attainment of steady re- 
producible potentials with the zinc 
amalgam (1-5%) electrode employed, 
rigid exclusion of oxygen and zinc 
oxide (see below) was essential. In 
the preparation of the electrode, pure 
redistilled zinc was introduced into 
the flask A (Fig. 1), and the air swept 
out by hydrogen. The requisite 
quantity of pure, freshly distilled 
mercury was added, the flask evacu- 
ated and sealed, and the zinc dissolved 
in the mercury by gentle warming 
and shaking. The flask was then 
connected in an inverted position over 
the glass-wool filter, and the whole 
apparatus evacuated. The neck of 
the flask was broken at the file 
scratch, B, and the amalgam allowed 
to run down into flask C, from 
whence, by introducing hydrogen 
through D, it was forced up into E, " 
where it was stored in an atmosphere of hydrogen. The half-element used in the zinc titrations 
is shown in Fig. 2. After the 0-01M-zinc sulphate solution had been placed in the cell, the 
latter was swept out by hydrogen, the long bent tube of the storage tap funnel introduced into 
the half-element, and a little amalgam run into the depression at the bottom of the vessel, 
whilst hydrogen continued to pass through the cell. Connection with the amalgam was made 
by a piece of platinum wire sealed through a glass tube. 

In the experiments with hydrogen, the usual platinum-black, hydrogen electrode was used 
in a half-element fitted with a burette. All the titrations were carried out at room temperature 
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and repeated several times in each instance. The results are in the tables. In each case are 
recorded, x, the total concentration of the added sodium salt NaX, in millimols. per litre; P.D., 
the potential of the cell 
E|0-01M-ESO,||0-01M-ESO, + *M-NaX|E 
in millivolts (silver nitrate was used in the silver experiments); and the values of K, derived 
from the mass-action expression 

K,, = [E}{[*] — (0-01 — [E})}"/(0-01 — [E)) 
by giving » the values 1, 2, 3, etc.; [E], the molarity of the free metal ions in the right-hand 
half-element, was calculated from the formula P.D. = RT/nF .\n{E)"/[E]’. (In the 0-01M- 
solutions, [Cu"*] was taken as 0-00629; [Cd**] as 0-00614; [Zn*’] as 0-00633; [Ag*) as 0-00901.) 

Cyanide.—Steady reproducible potentials were obtained only with cadmium and silver 
electrodes. Copper sulphate was, of course, reduced, and the zinc amalgam electrode was 
rapidly attacked by the cyanide solution (see below). The potentials show that silver is 
decidedly more anionophilic than cadmium. The K, values for cadmium indicate that, even in 
the presence of a large excess of cyanide ions, there is no tendency for the formation of complex 
ions containing more than four cyanide ions, a result in agreement with the known chemistry of 
the complex cadmicyanides. Besides salts containing the well-known [Cd(CN),]" ion, Hélzl 
(Monatsh., 1929, 51, 397) claimed to have prepared Ag[Cd(CN),]. The relative magnitudes of 
the potentials obtained with cadmium and silver electrodes, however, indicate that in solution 
this salt would be converted into an argentocyanide, 

With silver the K, values show that complex formation has little tendency to pass the 
[Ag(CN),]” stage, in agreement with the results of Masaki (J. Electrochem. Assoc., Japan, 1933, 
1, 25). A comparison of the above results with those obtained with cadmium and copper and 
the aminoacetate ion (Part II, Joc. cit.) is interesting, for here also cadmium showed a decided 
preference to take up four aminoacetate ions, whereas the cupric ion, in spite of its greater 
affinity, took up only three. 

Thiocyanate.—Owing to the sparing solubility of silver thiocyanate, the initial part of the 
titration curve for this metal could not be obtained. That the-kationophilic nature of the thio- 
cyanate ion is less than that of the cyanide ion is apparent from the potentials, and agrees with 
the results of Spacu and Grecu (Bul. Soc. Stiinte Cluj, 1931, 5, 422). The constant value of K, 
over a large range of thiocyanate-ion concentration indicates that here also the silver ion has 
little tendency to co-ordinate with more than three thiocyanate ions even in the presence of a 
relatively large excess of thiocyanate. Complexes containing three and four thiocyanate 
radicals attached to a silver ion have been reported (idem, ibid., 1931, 6, 238), but these results 
indicate that in aqueous solution these complexes will be highly dissociated. 

The relatively small potentials obtained with cadmium and zinc show that these metals have 
little tendency to co-ordinate with the thiocyanate ion. 

Thiosulphate.—The affinity of the thiosulphate ion for the four metal ions studied is in the 
order, Ag’ >Cu™*>Cd">Zn". In the silver-thiosulphate titrations, the initial presence of 
excess of thiosulphate was necessary, otherwise a white precipitate formed which darkened 
in a few seconds, owing to the production of silver sulphide. The K,, values indicate that the 
silver ion readily co-ordinates with two thiosulphate ions, and at the highest concentrations of 
thiosulphate, perhaps also with a third. This result is in agreement with evidence from the 
existence of stable solid complex salts (cf., inter alia, Spacu and Murgulescu, Z. anorg. Chem., 
1931, 199, 273; 1932, 207, 150; 208, 157; Baines, J., 1929, 2763; Bassett and Lemon, ibid., 
1933, 1423; Carriére and Raoulet, Compt. rend., 1931, 192, 746). Although cadmium again 
appears to be less anionophilic than silver, the results show that it forms [Cd(S,O,),]’’ in the 
presence of a relatively small excess of thiosulphate ions and [Cd(S,O,),]'” in the presence of a 
larger excess. There is some indication also of the formation of [Cd(S,O,),]"! in the most 
concentrated solution. Complex salts containing these ions have been isolated (see Mellor, 
‘“‘ Comprehensive Treatise, etc.,”” 1930, Vol. 10, p. 547). Although a number of double alkali- 
metal zinc thiosulphates have been reported, the potentials of the concentration cell show that 
these must be highly dissociated in aqueous solution, 

In the copper-—thiosulphate titrations, with thiosulphate concentrations up to approxim- 
ately 0-02M, the solution was green and the potentials were unsteady. Above this concentration 
the solution became colourless and steady reproducible potentials were obtained. It is generally 
agreed that thiosulphate addition brings about a reduction of the cupric ion to complex cuprous 
thiosulphates. The magnitudes of the potentials, however, are of interest. 

Chlovate.—A further comparison of the anionophilic nature of the silver and the cadmium ion 
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was possible with potassium chlorate. Although the chlorate ion possesses only a small tendency 
to co-ordinate with these metal ions, the results indicate that here again the silver ion displays 
the greater affinity for the anion. 

Acetate.—The acetate ion apparently shows little tendency to form stable complexes with 
either the silver or the zinc ions. The potentials obtained with cadmium (Part IT, Joc, cit.) are 
higher than those obtained with silver. The difference is only small and may be due to the 
different electrical natures of the kations. 

Aminoacetate,—The results obtained in the zinc titration are interesting in that the potentials 
are distinctly higher than those obtained with cadmium (Part II, Joc. cit.). Although the other 
numerous systems studied, with the exception of the acetate, all indicate that the anionophilic 
nature of a kation is a characteristic invariable property, this result suggests that in certain 
cases there can be something specifically accommodating in the natures of the kation and the 
anion concerned, which results in the formation of a stable complex. The steady values of 
Ky, indicate the formation of [(Zn(NH,°CH,°CO,),]’ at relatively small aminoacetate-ion 
concentrations. 

Halides.—Titrations were carried out with potassium chloride and potassium bromide, 
the zinc electrode being used. Activity corrections have been applied in calculating the K,, 
values (see Part I, loc. cit.). Steady potentials could not be obtained by using potassium iodide 
or concentrated potassium bromide. The results, when compared with those obtained with 
cadmium (Part I) and copper (Part III), show that the zinc ion has less tendency to form complex 
halide ions than either copper or cadmium. 

The above results, apart from the zinc-aminoacetate and the silver—acetate titrations, show 
that these kations can be placed in the following order of decreasing anion affinity 

Ag’ >Cu">Cd">Zn"™. 

This order is the same as that in the electropotential series. It is unfortunate that only a limited 
number of silver and zinc salts could be studied. The majority of the anions employed with the 
copper and cadmium electrodes (Part II) either gave insoluble silver salts or reduced the silver 
ion to the metal; e.g., sodium aminoacetate, phenylaminoacetate, and pyruvate reduced 
neutral silver nitrate rapidly, and sodium glycollate and lithium lactate caused a slow reduction. 
If such reductions are brought about by the transfer of an electron from the anion to the kation, 
occasioned by the great electron affinity of the kation and the relatively high deformability of 
the electron orbit in the reducing anion, the following facts indicate that the connection 
between reduction and complex formation is obscure. 


Added anion. Cu”. Ag’. 
Reduction. Complex-ion formation 
Thiosulphate ~ fA = 
Cyanide a 
Aminoacetate Reduction 
Lactate 
Glycollate 


It is perhaps significant that the possibility of chelate-ring formation exists with the last four 
anions, 

That the number of studies with the zinc electrode was limited was due to another cause, 
viz., the relatively rapid attack of the zinc amalgam electrode by highly kationophilic anions. 
It has been pointed out (Riley, Proc. Roy. Soc., 1934, A, 148, 399) that the corrosion of a metal 
involves the transfer of metal ions from the solid metal phase to the solution, and that the ten- 
dency of this process to occur must be largely affected by the presence, particularly in neutral 
solution, of anions which form undissociated complex ions. This view was criticised by Evans 
and Hoar (Trans. Faraday Soc., 1934, 30, 430) on the grounds that complex formation which 
involves the meeting of several particles ‘‘ appears improbable on kinetic, electrical and steric 
grounds alike.”” The reaction of the type suggested is essentially ionic, so this criticism does not 
appear pertinent. The reaction suggested involves either the absorption of oxygen or the . 
evolution of hydrogen. With an electropositive metal like zinc, which forms complex ions, it 
is probable that hydrogen discharge will become possible in the presence of highly kationophilic 
anions, thus making the attainment of equilibrium potentials impossible, even when oxygen is 
rigidly excluded, With the less electropositive copper, the elimination of traces of oxygen from 
the electrolyte is usually sufficient to afford steady reproducible potentials, otherwise corrosion 
of the electrode occurs with the establishment of an irreversible potential. 

It was impossible to obtain reversible potentials in the case of zinc in the presence of solutions 





1124 Ferrell, Ridgion, and Riley : 


of potassium cyanide and iodide and sodium citrate and tartrate. The rapid dissolution of 
metallic zinc in aqueous solutions of the sodium salts of highly kationophilic anions was shown 
by the following experiments. 

To 50 c.c. of a 0-2N-solution of the sodium salt was added a piece of pure thin sheet zinc, 
2”" x 0-3” (bent at right angles so that it would stand on its edge on the bottom of the flask), 
previously polished and washed with alcohol and ether. The flask was kept, with free access of 
air, at ca. 20°, and after a certain period the amount of zinc dissolved was estimated by means 
of 8-hydroxyquinoline. The experiment was repeated over different periods of time, and the 
initial rates of solution determined, i.e., the rates before the precipitation of basic salts (cf. 
Riley, Joc. cit.) occurred. The following results were obtained : 


Sodium salt Citrate Oxalate Tartrate Malonate Acetate 
Zn dissolved, mg./hr. x 10° 75 60 100 50 13 


With the sodium tartrate solution in an atmosphere of nitrogen the zinc dissolved less rapidly, 
and the surface of the metal soon became covered with bubbles of hydrogen. 

The Corrosion of Platinum and Gold (with S. CHAMBERS).—In the experiments with the hydro- 
gen electrode in concentrated potassium cyanide solution (see below) it was noticed that on stand- 
ing for a few days the potassium cyanide solution dissolved the platinum black from the electrode, 
leaving bright platinum. According to Gore (Proc. Roy. Soc., 1880, A, 30, 38), platinum is not 
attacked by cyanide solution. The dissolution of the platinum under these conditions is, how- 
ever, consistent with the above views on corrosion, for platinum forms a large number of stable 
complex ions, and the above potentiometric titrations indicate that the cyanide ion possesses 
very highly developed kationophilic properties. In order to determine whether the presence 
of oxygen is necessary or whether the dissolution can occur with the evolution of hydrogen, 
the following experiments were carried out. 

Platinum-black (0-2 g.), prepared by reducing platinic chloride with sodium formate solution 
and washing and drying the precipitate, was introduced into a small bulb connected directly with 
a volumeter. The whole apparatus was completely filled with boiled-out 6N-potassium cyanide 
solution. When the bulb was warmed to 85°, small bubbles of gas began to ascend, and in 6 
hours almost 0-5 c.c. of gas had collected in the volumeter tube. After cooling, excess of air 
was admitted, and the mixed gases were exploded. The contraction in volume was consistent 
with the gas evolved being hydrogen. No gas evolution occurred in blank experiments. Under 
similar conditions the evolution of hydrogen was relatively rapid in 3N-potassium cyanide, slow 
in N, and very slow in 0-5N. No action could be detected in 0-1N-cyanide solution. Presum- 
ably because of its smaller surface area, no action could be detected with bright platinum. Gold 
precipitated by ferrous sulphate solution also evolved hydrogen slowly under similar conditions 
in 6N- and 3N-potassium cyanide, but no appreciable attack occurred in more dilute solutions. 

The Co-ordination Number of Hydrogen.—Numerous examples of the occurrence of bicovalent 
hydrogen have been cited in recent years, e.g., the anomalous behaviour of hydrofluoric acid has 
been explained by the existence of the HF,’ ion (Davies and Hudleston; J., 1924, 125, 260). 
Associated water molecules are supposed to contain bicovalent hydrogen (Bernal and Fowler, 
J. Chem. Physics., 1933, 1, 515; Trans. Faraday Soc., 1933, 29, 1049). The determination of 
the variation of hydrogen-ion concentration with the concentration of a particular anion and the 
analysis of the results by the above method offered a means of determining whether or not such 
bicovalent complex ions exist in aqueous solution. The cyanide was used up to a total con- 
centration of 3-6N. At this concentration the p, of the solution reached 11-5, so it was necessary 
to correct the concentration of undissociated hydrocyanic acid by writing [HCN] = 0-01 — 
(H"] + [OH’). 

Even up to the extreme concentrations of cyanide ion employed, K, showed only a slight 
decrease (1-3 x 10-* at x = 175, to 0-83 x 10-° at x = 3600) and this change is probably not 
greater than the error introduced by the omission of activity corrections to the cyanide-ion 
concentrations. The values of K, show excellent agreement with the value of the dissociation 
constant of hydrocyanic acid determined by the conductivity method, viz., 0-72 x 10-*. This 
result can leave no doubt that even in the presence of a large excess of the highly kationophilic 
cyanide ion, hydrogen displays no tendency to form complex ions of the type [H(CN),]’. This 
does not, of course, exclude the possibility of a water molecule still being co-ordinated with the 
hydrogen ion. It is, however, very significant that if hydrogen can display a covalency of two, 
it should be incapable of taking up two cyanide ions, for the cyanide ion forms, with numerous 
metal ions, complex ions probably greater in number and stability than those formed by any 
other anion. 
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The possibility of chelate-ring formation makes the results obtained with the aminoacetate 
ion less conclusive, but here also the value of K, remained constant. The values obtained 
(2-2—2-8 x 10-) are in excellent agreement with the value of 

[H*)[NH,°CH,°CO,’]/[NH,°CH,°CO,H] = 1:8 x 10° 
obtained by other methods (cf., however, Bjerrum, Z. physikal. Chem., 1923, 104, 147). 

Attempts to carry out similar titrations in acid fluoride solutions were not successful. 
Relatively small potentials were observed and reproducible readings could not be obtained. 
The electrodes became abnormally sensitive to traces of oxygen, rapid variations of potential 
up to one volt being observed. Electrodes, once used in a fluoride solution, gave inconsistent 
values even in dilute sulphuric acid, and it was evident that permanent poisoning had occurred. 


Cd" + CN’. Ag’ + CN’. 


P.D. K,. Ky. K3. Ky. P.D. Ky. K 
327 x 1078 x 10-15 x10-17 52x10 1030 x 10-9 
375 x 10-15 19-16 x10-18 1°8 1053 x 10-0 
394 1: ‘ : 1070 

414 1090 
424 1105 
433 1117 
443 1137 
453 1149 
462 1161 
469 1172 
480 1191 
490 1201 
502 1213 
517 1230 
525 1243 
537 1262 
544 1286 
552 1293 
558 1306 
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Zn” + CI’. 
x. P.D. 10K. 
350 10°3 8-9 
400 10-9 9°5 
500 11-7 
600 12-4 
700 13-1 
850 141 
1000 15-0 
1200 16:3 
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1800 20°6 
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236. Atomic Heats of Formation and Bond Energies. 


By F. G. Soper. 


Two important thermochemical generalisations have followed the recently acquired know- 
ledge of interatomic bond energies. In 1932 Pauling (J. Amer. Chem. Soc., 1932, 54, 3570) 
showed that the energy of non-polar bonds is probably additive, 1t.e., that A—B = 1/2 
(A—A + B—B), where A—B represents the energy of the non-polar bond between A and 
B, and further, that the more polar the bond between A and B, the greater the heat evolved 
in its formation and the greater the divergence from the additive relation. In 1933, 
Pauling and Sherman (J. Chem. Physics, 1933, 1, 606) demonstrated that for compounds 
capable of existing in two or more forms not involving appreciable displacement of the 
constituent atoms, the atomic heat of formation calculated for either structure is less than 
the observational value. Such compounds evolve an unexpectedly large amount of heat 
on formation, so that their heats of combustion are correspondingly low. The excess energy 
evolved on formation, termed the resonance energy of the compound, is associated with the 
formation of a state intermediate (but not oscillating) between the two forms indicated 
by the alternative formule. The more nearly the states, represented by the alternative 
formule, approach each other in energy, the greater the observed resonance energy of the 
compound. 

The object of work now in progress was to examine the resonance energy in substituted 
benzenes, with special reference to the known kinetic properties of various groups. For 
this purpose it is necessary to know the values of the interatomic bond energies concerned 
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with some degree of certainty. To a first approximation, the bond energy of a particular 
link is constant, independent of the nature and number of atoms in the molecule. This 
experimental fact is stated to be in harmony with calculations based on wave mechanics 
(Pauling, Joc. cit.), each bond function interacting but slightly with the functions of other 
bonds. But in many isomeric compounds, ¢.g., 2- and ¢ert.-butyl alcohol, where the atomic 
heats of formation are respectively 1243-5 and 1254-8 kg.-cals,, discrepancies occur which 
are not attributable to resonance and result in considerable uncertainty in the value to be 
assigned to a particular bond. This uncertainty reappears in the calculated resonance 
energies and prevents more than qualitative comparison in a series of compounds. 

It would appear, according to Pauling, that the variation in the bond energy of a partic- 
ular link may be caused by variations in the polarity caused by the induced effects of 
vicinal groups. Thus the value for the C—Cl bond falls progressively in the compounds 
CH,Cl, CH,Cl,, CHCl, CCl,, in harmony with its decreased polarity due to the effects of 
other chlorine atoms. The correlation of increased bond energy with increased polarity 
of the link breaks down, however, in the paraffin hydrocarbon series. Rossini’s recent 
determinations (Bur. Stand. J. Res., 1934, 12, 735; 18, 189) of the heats of combustion of 
these substances show that the atomic heat of formation of methane is, in comparison with 
other paraffins, abnormally high, giving a correspondingly high value for the C—H bond. 
Yet it is in methane that we should expect the C—H links to be least polar and thus of least 
energy. The values to be assigned to the C—H and C—C bonds are fundamental, and the 
data obtained by Rossini for the paraffins and for the alcohols are given in Table I. 


TABLE I. 
Increment Increment 
Substance. , Hag. per CH. Substance. Q. H,. per CH,. 

374°35 CH,°OH 182-58 463-56 p 

630-09 307m C,H,-OH 336-78 =e! lU 

888-09 258-39 C,H,-OH 493°20 984-46 259-06 
114648 558 43 C,H,-OH 649-90 124352 558-91 
1404-91 258-63 C,H,,-OH 806°75 150243 358.89 
1663-54 C,H,,-OH 963°60 176134 

CMe,°OH 638°6* 1254°8 270°3 


* I.C.T., Vol. 5, 137, 164. 


The heats of formation, H,, shown in this table are calculated from the heats of combus- 
tion, Q, of the gaseous compound by the equation, H, = 244-38c + 85-69h + 59-00 — Q, 
where c, 4, and o are the numbers of atoms of carbon, hydrogen, and oxygen in the com- 
pound. The equation is based on C (s.) + Og (g.) = CO, (g.) + 94-38 kg.-cals.; H, (g.) + 
O, (g.) = H,O (1.) + 68-38 kg.-cals.; C (s.) = C (g.) + 150 kg.-cals.; H, = 2H + 103 
kg.-cals.; O, = 20 + 118 kg.-cals. Alteration of the value of C (s.) = C (g.) from 150 
to 150 + dQ kg.-cals. alters C—C by dQ/2 and C—H by dQ/4 kg.-cals. It does not affect 
the discrepancy between observed and calculated values for the heat of formation of the 
lower members of the series. 

It will be observed that the increment in the heat of formation in successive members, 
which is due to the formation of one C—C and two C—H bonds, varies from 255-74 to 
258-63 in the hydrocarbons and from 261-56 to 258-89 in the alcohols, becoming constant as 
the series are ascended. If we take 258-80 as the value to be assigned to one C—C and two 
C—H bonds, we obtain on combination with the heat of formation of the higher hydro- 
carbons, C—H = 92-39, whence the calculated value for methane becomes 369-56, or 
4-8 kg.-cals. less than is observed. 

In the crystals of the alkaline chlorides, where the atoms are held together by “ electro- 
valencies,”’ the lattice energies were evaluated (Born, Ber. deut. physikal. Ges., 1919, 21, 13) 
by taking into account the coulombic and repulsive forces between the atoms. The 
correctness of the calculated values was confirmed (Fajans, 7bid., p. 542) from heat of solu- 
tion measurements, and further confirmation was provided by Born (ibid., p. 679), who 
deduced the affinity of the chlorine atom for an electron from the lattice energies and 
thermochemical data. Values for this affinity were obtained which were independent of 
the nature of the alkali metal. 
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The observed heat of formation of a Na—Cl “‘ bond ” from the atoms might thus be 
regarded as the difference of two electronic affinities (the respective affinities of a sodium and 
a chlorine atom for an electron), together with the coulombic and repulsive energy of the 
ion-pair in the position of minimum potential energy. The heat of formation of a covalent 
bond is, on the other hand, largely due to resonance between the two atoms, together with 
coulombic terms relating to electrons and nuclei. Good agreement between observation 
and calculation has been obtained (Eyring and Polanyi, Z. physikal. Chem., 1931, B, 12, 
279) for the non-polar hydrogen molecule. When, however, the molecule contains 
permanent dipoles, it would appear that these will result in the acquirement of molecular 
dipole potential energy. The bond energies in a molecule should be equated, not to the 
heat evolved when the molecule is formed from its constituent atoms, but to the sum of this 
heat and the intramolecular dipole potential energy. 

In attempts to evaluate the interatomic coulombic energy in molecules containing polar 
links, the dipole was at first regarded as located on the surface of the atom forming the 
covalent link (cf. Smallwood and Herzfeld, J. Amer. Chem. Soc., 1930, 52, 1919), and its 
energy evaluated from its known magnitude and direction. This procedure did not give 
results which would account for the abnormalities in the heats of formation of methane and 
methyl alcohol. The atoms were then considered as charged spheres. The spherical 
shell of negative electricity surrounding the nucleus was regarded as increased or decreased 
in charge when in combination with another atom, according to the time spent by the 
shared electrons in the respective spherical shells. Since, for coulombic attraction, a 
charged sphere is equivalent to a charge of the same magnitude at its centre, the dipole 
moment of a particular bond may be converted into charges situated at the centres of the 
atoms concerned (cf. Sidgwick, ‘‘ Covalent Link in Chemistry,” 1933, 156). For two 
such charges g and q’, separated by a distance 7, the coulombic energy is gq’ /27 = 7-246 
qq |r kg.-cals. per N pairs, where N is the Avogadro number, g and q’ are expressed in 10°!” 
e.s.u., and vis in A. The dipole moments and interatomic distances employed (see Ann. 
Reports, 1931, 28, 401) are collected in Table II. 


TABLE II. 
Charge on Charge on 
Distance, A. p X 1018, atoms x 10”, Distance, A. p xX 1018, atoms x 101°. 
C—C = 1°54 0 0 C—C] = 1°74 15 0°86 
H—C = 1°14 0°40* 0°35 H—9Q = 1:07 16 1-50 
C—O = 1°47 0°74 0°50 
* This value is uncertain; for references see Sidgwick (op. cit., p. 146). 


The coulombic energy of the paraffins has been evaluated as the sum of »(n—1)/2 terms, 
where # is the number of atoms in the molecule. It is necessary to consider each individual 
pair of atoms as the coulombic forces decrease relatively slowly with distance. The re- 
pulsive energy, which varies inversely as a high power (ca. 8) of the distance apart of the 
atoms, falls off very rapidly and can be neglected. Even in the crystal lattice of salts, 
where the atoms are close packed, the repulsive energy is only approximately a quarter of 
the coulombic energy. Energy of compression or stretching will, however, arise in the 
covalently linked atoms and can be evaluated from the force constants given by Raman and 
vibration spectra. In the equilibrium position of the link, where the compression and 
coulombic forces are equal, 1.¢., 7,92/7 = f.x, the compression (or extension) energy } /.x? = 
(9199/fr*).49192/7, and is equal to the coulombic energy times the factor ¢,9,/f.7°. For 
C—H bonds the compression energy is negligible, and in the alcohols the O—H link has a 
compression energy of 0-79 kg.-cal., but this energy has no effect on the observed differ- 
ences in the heats of formation of successive members of the series. 

The configurations of the paraffin molecules, for which the coulombic energy has been 
summed, are shown in Figs. I—VII. The charges on the atoms are shown enclosed in 
ellipses. Broken !ines denote that the bond is lying below the plane of the paper, whilst 
thick lines lie in the plane of the paper. The results are collected below. 
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Net Net 
Energy of Energy of coulombic Energy of Energy of coulombic 
Struc- No.of + terms, — terms, energy, Struc- No. of + tefms, — terms, emnergy, 
ture. terms. kg.-cals. kg.-cals. kg.-cals. ture. terms. kg.-cals. kg.-cals. kg.-cals. 
I 10 2°88 12°48 — 9°60 Vv 91 29°12 44°60 — 15°48 
II 21 11-00 21°24 — 10°24 VI 91 31°76 46°76 — 15°00 
III 21 11-04 21°24 — 10°20 VII 136 39°96 57°68 —17°72 
IV 55 19°40 32°36 — 12°96 


It will be noticed that rotation of the methyl groups in ethane (II and ITI) has little effect 
on the interatomic coulombic energy. The two alternative positions considered for butane 


(V and VI) have potential energies of — 15-48 and — 15-00 kg.-cals. respectively. The 
lower potential energy has been used. 


The configurations for the alcohols are shown in Figs. VIII—XVI, # representing the 
hydroxyl hydrogen. The results are collected below. 


IX x XI XII XIII XIV XV XVI 
Net coulombic 
energy, kg.-cals. —22°75 —26°85 —27°41 —28°67 —2847 —30°70 —33°30 —41-4l1 —42-76 


The lower potential energy of X and XIII shows that the position favoured is that in 
which the hydroxyl hydrogen lies near to the B-carbon. This is the position for which the 
coulombic energy of n-butyl alcohol has been evaluated (XIV). The position of minimum 
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potential energy of ¢ert.-butyl alcohol is XVI. The difference in the coulombic energies 
of m- and ¢ert.-butyl alcohol is noteworthy, the latter being more stable, according to these 
calculations, by approximately 9-4 kg.-cals. This is in harmony with the heats of com- 
bustion of the vapours of these alcohols, which are 649-90 and 638-6 respectively. 

The negative potential energies calculated for the paraffins and alcohols correspond to an 
enhanced evolution of energy of formation, and the sums of the bond energies are less than 
the observed atomic heats of formation by this amount. The corrections are introduced 
in Table ITI. 


TABLE ITI. 


Corrected Incre- Corrected Incre- 

Sub- Coulombic bond ment Sub- Coulombic bond ment 
stance. Hig. energy. energies. per CH,. stance. He. energy. energies. per CH,. 

CH, 37435 — 9°60 364°75 255°1 CH,OH 463°56 —22°75 440°81 256-9 
C,H, 630°09 —10°24 619°85 255°3 C,H,,OH 725:12 —27°41 697°71 256'1 
C,H, 888°09 —12°96 875°13 255°9 C,H,OH 98446 —30°70 953°76 2565 
C,HI,, 114648 —15°48 1131-00 2562 C,H,-OH 1243°52 —33°30 1210°22 258-2 
C,H, 1404°91 —17°72 1487°19 CMe,°OH 1254°8 — 42°76 1212-0 = 


Comparison with Table I shows that the major part of the variation in the increment due 
to the formation of one C—C and two C—H bonds is removed by introducing a correction 
for the interatomic coulombic energy in the molecule. Taking 256-0 kg.-cals. as the cor- 
rected value for one C—C and two C—H bonds, we find the value of C—C and C—H to be 
73-4 and 91-3 kg.-cals. respectively. 

In almost all homologous series, a progressive increase appears in the bond energy of a 
particular link. As a general illustration, the atomic heats of formation of the chloro- 
paraffins (Sidgwick, op. cit., p. 115) are shown below. The coulombic energies and the 
corrected bond energies are also given. The corrected value of C—Cl has been evaluated by 
using C—C = 73-4, C—H = 91-3 kg.-cals. 


Cc—Cl, Coulombic Sum of C—Cl (corr.), 
Substance. H,. kg.-cals. - energy. bond energies. kg.-cals. 
CH,Cl 355°5 74°7 — 17 353°2 79°3 
C,H,Cl 616°8 776 — 73 609°5 79°6 
C,H,Cl 877°9 79°3 — 95 868°4 82°5 
(iso-) —14°3 863°6 7-7 
CMe,Cl 1142°3* 86°4 —22°1 1120-2 79°8 


* Unpublished result obtained by Mr. R. J. Lloyd. 


From these results and those for the paraffins and alcohols in Table III, it is suggested 
tentatively that when bond energies are deduced from a‘omic heats of formation corrected 
for interatomic coulombic energy, they have constant values characteristic of the two atoms 
forming the bond. Other series of compounds, and isomeric substances showing appreciable 
differences in their heats of combustion, will be examined later. 


The author wishes to thank the Royal Society for a grant for apparatus, and Professor 
J. L. Simonsen, F.R.S., for helpful criticism. 
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237. Inductive Effects in the Diphenyl Series. 
By C. G. LE Févre and R. J. W. LE FEvRrE. 


LE FévrE and TuRNER (J., 1928, 247) concluded that the two nuclei of diphenyl deriv- 
atives were independently conjugated from the fact that, whatever the nature or position 
of the radical X, the phenyl group in any compound C,H,°C,H,X was always substituted 
by electrophilic reagents at the o- or p-carbon atoms. Later, Gull and Turner (J., 1929, 491) 
quantitatively exemplified this generalisation by a study of the mononitrations of the 
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substances shown in the accompanying formule. The figures indicate the propor- 
tions in which the entrant nitro-groups had 
effected substitution. In no case did there 


seem to be more than 1% of a third sub- Cy % 
stance; thus it appeared that the extensive 
electronic rearrangements necessary for orient- 
ation and other similar activation effects in . 
39° a Ns 


aromatic molecules were not transmitted 7% On 

across the 1: 1’-link, which therefore did 

= — to be part of a conjugated §3%  ¢a., ‘Ke 61% “A 
syste 

With a clearer recognition that relative orientative action and velocities of substitution 
at the various positions are fundamentally connected, the above conclusion—as stated— 
seems likely to be an exaggeration. Many experimental facts have demonstrated a 
certain mutual dependence of the nuclei; e¢.g., conditions which suffice to dinitrate benzene 
or toluene must be employed to mononitrate 4-nitrodiphenyl—the unsubstituted phenyl 
group of which is clearly deactivated by the nitro-group situated at the extreme end of 
the other nucleus. 

Superficially, therefore, it would appear that the diphenyl structure presents the 
features that general inductive influences are transmitted right through the molecule, but 
that extensive tautomeric displacements are so reduced at the bridge bond that they can 
exert no effects observable by substitution reactions in the attached ring. Their develop- 
ment in this nucleus might, however, be inferable from a study of the mesomerism (Ingold, 
Chem. Reviews, 1934, 15, No. 2) of various diphenyl compounds, since the mesomeric and 
tautomeric effects operate by the same mechanism, and the presence of ene can be taken 
as evidence of the possibility of the other. 

Information on these points, from dipole-moment measurements on some diphenyl 
compounds, together with a consideration of the possible inductive effects, is the subject 
of the present paper. 

Accordingly, we record a number of comparisons of the dipole moments of 1 : 4-XY- 
substituted benzenes with the analogous 4:4’-XY-diphenyls. The results (in Debye 
units) are shown below the appropriate formule : 


Cl Br NO, NH, NHAc 


EO leads! 


Ph Ph Ph Ph Ph 
1°64 4:17 : 3°83 
Cl Br NO, NH, NHAc 


0 Qe Qe 


NH, 
NH, NH, 


3 eet Sen 


NO, Br 


NO, 


NO, Br F r 

6°46 6°32 3°30 2°85 4°50 4°29 
These moments have been obtained by reckoning 9>P = ~P — [R;]p, thus the full cor- 
rection for ,P has probably not been made, and the data for the diphenyl derivatives 
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may be slightly more erroneously high than those for the corresponding benzene com- 
pounds. The order of such excess is, however, probably quite low. This we infer from 
our previous demonstration (this vol., p. 487) that with the same apparatus and technique 
the total polarisations of diphenyl and its pp’-dichloro-derivative (both having » = 0) 
exceed the [Rz]p values only very slightly. All refer to benzene solutions. 

Discussion.—As a basis it is assumed that the diphenyl molecule is collinear, the zero 
moments of the 4 : 4’-dihalogenodiphenyls (Williams, J]. Amer. Chem. Soc., 1928, 50, 2350) 
and the X-ray data (Clark and Pickett, J. Amer. Chem. Soc., 1931, 58, 167, 3820; Dhar, 
Indian J. Physics, 1932, 7, 43) adequately justifying such an assumption. 

The mesomeric effect in an aromatic molecule is defined as a permanent electronic 
rearrangement occurring by the mechanism of the tautomeric effect (Ingold, J., 1933, 1120; 
and Joc. om Thus the mesomeric state of a monohalogenobenzene and a similarly 

substituted diphenyl can be represented by attaching to one of the 

unperturbed forms (I) or (II) the curved arrows commonly used to 

5. iridicate electtomeric changes (Ingold, Jocc. cit.). In the series of 

3 <Y cofhpounds now under discussion, it is therefore evident that (X being 

| g halogen) the observed moment will consist of the natural moment of the 
Z) C—X link plus all the induced moments arising from the interaction of 

be ) 9 the C—X moment with the polarisable atoms constituting the rest of the 

( molecule minus the small but permanent moments caused by the mesomeric 

.*F Y effect. The.last-named polarisation is difficult to estimate, but its 

(II.) @ existence is held to explain why the halogenobenzenes have smaller 

moments than the corresponding ¢ert.-butyl halides in which no such 

reversed moments are operative (cf. Ann. Reports, 1931, 28, 393). If the process 

illustrated in (II) were to occur to any extent, therefore, the 4-halogenodiphenyls should 

show greater reversed (+ M, cf. Ingold, loc. eit.) polarities than the related benzene 

compounds, and one might expect the observable dipole moments to be smaller than those 
of the benzene derivatives by roughly the amount of these M changes. 

However, as shown above, the experimental data do not bear out this forecast, and it 
would therefore appear either that the moments induced in the unsubstituted phenyl 
nuclei by the distant C—X moments outweigh the reversed (mesomeric) moments, or the 
mesomeric effect is not transmitted across the 1 : 1’-bond. 

That the latter suggestion is most probably incorrect follows from the work of Dhar 
(loc. cit.) on diphenyl and of Pickett (Nature, 1933, 181, 513; Proc. Roy. Soc., 1933, 142, A, 
$35) on ~-diphenylbenzene (terphenyl). In both cases X-ray examination shows the 
molecules to consist of flat regular hexagons of carbon atoms lying in one plane, with 
distances between consecutive atoms in each ring from centre to centre of 1-42 A. The 
C—C bond length between the nuclei is given as only slightly longer, viz., 1-48 A. This is 
significantly shorter than the normal single bond length (1-54 A.) and constitutes direct 
evidence that the hydrocarbons at least are degenerate, with structures between the 


© <<O-  <DO<O- 


unperturbed forms represented by the singly linked Kekulé individuals, on the one hand, 
and the forms (III) and (IV), on the other.* 


* We take this opportunity to point out an implication of this result on the question of dissymmetry 
in the diphenyl series. Le Févre and Turner (Chem. and Ind., 1926, 45, 831) considered that by virtue 
of conjugation, etc., the two nuclei of any diphenyl compound tend to be coplanar, but that certain 
groups in three of the 2: 2’: 6: 6’-positions necessitate by their electrical, mass, or volume effects 
the adoption of the non-coplanar configuration which is made manifest by optical activity. Mills 
(ibid., pp. 883, 905) and Bell and Kenyon (ibid., p. 864; J., 1926, 3045), on the other hand, preferred 
the view that groups were effective because by their “‘ obstacle” action free rotation of the two nuclei 
was inhibited. In each of the explanations, of course, the ultimate cause of the enantiomorphism was 
the non-coplanarity of the nuclei. 

Since 1926, the following pertinent facts have become available: (1) that in the crystal the phenyl 
nuclei of diphenyl are coplanar (Clark and Pickett; Dhar; Pickett, Jocc. cit.), and (2) that the 1 : 1’-bond 
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Mesomeric effects therefore can occur in diphenyl itself; it seems unlikely that they 
would be absent from derivatives of this hydrocarbon. Hence it becomes necessary to 
investigate the other possible explanation for our results, and to attempt to estimate the 
magnitudes of the subsidiary moments which could be induced in the molecules by the 
principal moments in each case. 

Calculation of the Induction by the Chief Permanent Moments.—These calculations have 
been carried out for the four substances with axially symmetrical groups, the internuclear 
distances and atomic radii shown in the scale drawings (Figs. 1, 2, and 3) being used. 
For 4-nitro- and the two 4-halogeno-diphenyls (Figs. 1 and 2 respectively) the moments 
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induced at the centre of gravity of the phenyl radical (u,) should equal 2u«(e +- 2) /Ser3 
and operate in the direction of the chief permanent moment. The distance 7 has been 
taken from the centre of the nitrogen atom in Fig. 1, and from the points of contact 
between the halogen atoms and the carbon atom in Fig. 2, to the mass centre of the 
polarisable phenyl groups. The polarisability, «, adopted for the latter is that for the 
plane of the benzene ring (cf. Stuart and Volkmann, Ann. Physik, 1933, 18, 121), viz., 
1-23 x 10° e.s.u.; the dielectric constant of the medium through which the inductive 
force acts is assumed to be roughly that of benzene, viz., 2-3. The sum of the induced 
and the permanent moment is, in each case, to be compared with the observed figure (see 








is intermediate between a single and double link (idem, ibid.). Therefore it, like all the other bonds of 
a conjugated system, is degenerate. The observed shortening of the 1 : l-bond is the modern external 
indication to be expected for the “ conjugation,” etc., considered by Le Févre and Turner (loc. cit.) to 
be the mechanism whereby the nuclei are held as far as possible coplanar. It could now be expressed 
better by saying that, from experimental evidence, the 1: 1’-link should possess to some degree the 
torsional rigidity of a double bond. Further, during the last 10 years no evidence seems to have been 
advanced that free rotation of the nuclei occurs in the absence of effective obstacle groups. 

Thus the approximation of the real structure of diphenyl to (III) and of the 1: 1’-link to a double 
bond, besides rationalising a stabilised planar configuration of the nuclei, affords an explanation of the 
observation by Harries and Weiss (Annalen, 1905, 848, 374) that diphenyl will form only a tetraozonide, 
and not the hexaozonide to be expected from a molecule containing six olefinic linkings. 
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first four lines in following table, in which 7, the distance from the mass centre to the 
seat of the dipole, is given in A.) : 
Parent halogenobenzene 
Diphenyl compound. and its moment. ‘ © Hobs.- 
4-Fluoro PhF 1°47 P ‘ 1°50 
4-Chloro- PhCl 1°54 . ‘ 1°56 
PhBr 1°55 1-64 
PhNO, 4:03 4:17 
‘ . 44 3°8 
PhNH, 1°51 P 1-60 1-76 
The observed moments of fluoro- and chloro-diphenyls lie closer to those of the corre- 
sponding benzene derivatives than to the calculated values; with bromodipheny] there is 
(fortuitously good) agreement between the observed and calculated figures, whilst for 
4-nitrodiphenyl the calculated is slightly higher than the found moment, both of which 
are considerably greater than that of nitrobenzene. 

Mesomerism.—Thus it would appear that in the fluoro- and chloro-compounds the 
mesomeric (as in formula II) more nearly outweighs the inductive polarisation than it 
does in the bromo-derivative; i.e., the mesomeric effects are for these halogens in the 
order F and Cl> Br. This is in conformity with a recent statement by Ingold (Chem. 
and Ind., 1935, 18, 1079) that mesomeric and electromeric changes need not necessarily 
run parallel in a given series, such as the halogens; however, for the nitro-group (for 
which by older reasoning, e.g., slight occurrence of of-substitution reactions with nitro- 
benzene, indicating little development of + E changes, a large + M would not be 
expected) we find the induced polarity much more nearly sufficient to account for the 
observed increase in moment (0-14D). Owing to the configurational uncertainties of 
the —NH,, the -NHAc, and the -NC;H, groupings, calculations of the above types for 
the compounds containing these radicals will not be discussed; the data for aniline 
are included in the table. 

Qualitatively the results for acetanilide and 4-acetamidodiphenyl are what one would 

expect if the resultant moment of the first compound 
were to be regarded crudely as compounded of the C—O 
and the C—N moment (see V). In the diphenyl 
zn, derivative the former component will be diminished by 

NO, the reverse induced moment in the free nucleus. The 

resultant will therefore be smaller. 

The two disubstituted diphenyls show considerable 
mesomerism, the moments of p-nitroaniline and 4-nitro- 
4’-aminodiphenyl being very close, and both larger than 

(VI.) the sum pyp,ph + HPaNo,- The small excess of the 
moment of the diphenyl compound over the benzene 
derivative can be largely attributed to induction. The 
cases of bromoaniline and bromoaminodiphenyl are 

different in that, whilst the last comparison involved two groups in positions where their 

M effects could be complementary, these are cases where two like radicals are in 


(V.) 


[~ (™ 
competition. Presumably the process NH,°C,H, occurs more readily than Br-C,H;: 
the increase of 0-45D unit can therefore be explained by a differential mesomerisation 


(ML [™ 
WAP ae, — Fone 


plus a certain induction by the bromine moment on the f-aminophenyl nucleus (by 
calculation this would amount to ca. 0-1D unit). 

The pair of bromonitropiperidino-compounds have practically identical moments, 
although they contain the essential structures of the previous substances respectively. 
No mesomeric changes throughout the diphenyl molecule can therefore be operative; it 
is probable that the mesomerism involved in (VI) causes greater stabilisation than would 
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be effected by mesomerisation of the type (II), the contribution of which to the real 
structure can therefore be ignored. 

2-Nitrodiphenyl.—A calculation of the moment of this compound has been attempted 
with the following premises (cf. Fig. 3): 7 = 3-74 A., 0 = 99°, (for plane of benzene 
ring) = 1-23 x 103, « (for thickness of’ benzene ring) = 0-635 x 10°°3, p = 4-03 x 
10-38 e.s.u. 

For the induced moments in the coplanar position we have 


Uz = (ap /r3)(3 cos? 6 — 1)(e + 2)/3e = 1-14 x 10% 
and uy = (3au/r9)(sin @ . cos 6)(e + 2)/3e = 0-27 x 1078 


and similarly for the induced moments when the nuclei are in planes intersecting at right 


angles : 
u, = 0-59 and wp, = 0-14 x 10° e.s.u. 


Therefore, if free rotation were possible, the mean yp, and p, would be V2 x 0-55 + 
0:59 = 1:37D and ~/2 x 0-13 + 0-14 = 0-32D respectively, and the resultant molecular 
moment of 2-nitrodiphenyl would become (4-03 — 1-37) resolved with 0-32 at 90°, 2.¢., 
2-7 x 10% e.s.u. This is so much lower than the observed figure (3-8) that the inference 
is inevitable that the molecule is in the non-coplanar configuration to the maximum 
extent possible. On the basis of data given above, the moment of such a form is calculated 
as a minimum estimate (because 7 is probably too small) as 3-44D. 

Comparable previous determinations of the moments of some of the substances 
discussed in this paper are collected in the following table. 


Previous measurements in benzene solution. 


Substance. Moment. Ref. Substance. Moment. 
4-Chlorodiphenyl 1-30—1-53 F Bromobenzene 1-49—1-70 
1°63 N Nitrobenzene . j 
Rom toe 4°28 N Aniline 
4-Aminodiphenyl 1-73 N p-Nitroaniline 
Fluorobenzene F p-Bromoaniline 
Chlorobenzene ; _ F 


F = Trans. Faraday Soc., 1934, Appendix; N = Naeshagen, Z. physikal. Chem., 1934, B, 25, 158. 


The following comments can be made on the above data. Their differences represent 
disagreements of measurement and not the use of different conventions in the calculations : 
they are practically all by the optical method with no correction for the atomic polaris- 
ation. The result of Estermann (Z. physikal. Chem., 1928, B, 1, 134) for aniline is based 
on only one solution; Hassel and Uhl (ibid., 1930, B, 8, 187) report a slight increase of 
polarisation with dilution, and Tiganik’s measurements (ibid., 1931, B, 14, 135) for the 
same substance show practically no dependence on concentration. Our results confirm 
this behaviour. The divergent results for p-nitroaniline may be due to its sparing 
solubility at the ordinary temperature; therefore Tiganik’s measurement, carried out at 
70°, at which more concentrated solutions could be prepared, seems likely to be more 
correct than others. His value, 6-4D, compares favourably with ours. Bergmann and 
Tschudnovsky (ibid., 1932, B, 17, 100) report for p-bromoaniline the following P,,o 
figures : 161-1, 164-2, 160-9, 159-5. These are in order of diminishing concentration and 
are extrapolated to 171-0 c.c. for infinite dilution. From our measurements we obtain 
166 c.c. and a slightly lower moment. An increase of polarisation with dilution is noticed. 


EXPERIMENTAL. 


In the following tables, f, represents the molar fraction of the solute in each solution, d the 
density of the solution, « the dielectric constant of the solution at ca. 1200 kc., and P, the 
apparent polarisation of the solute for the stated concentration f, at the temperature of 
measurement (25°). The solvent used was benzene throughout (e,;. 2°2725; d3° 0-87380). 
The substances examined were pure specimens having the m. p.’s or b. p.’s recorded in the 
literature. For a number of them we are indebted to Dr. E. E. Turner. 
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10*f;. age. a. 


4-Fluorodiphenyl. 


P,. 


€ag°. Jn. 


4-Chlorodiphenyl. 


10*f,. 
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€25°. ar. Py: 


4-Bromodiphenyl. 


10*f,. 


116-2 
112°9 
111°9 
112°1 


925°5 2°2770 0°87485 
2963°9 2°2857 0°87689 
5000°1 2°2942 0°87890 
5286°9 2°2955 0°87918 


3610‘1 2°2872 0°87587 1063 
5021-1 2°2926 0°87670 105°6 
7130°4 2°3006 0°87786 104°6 
8612°11 2°3065 0°87880 104°3 


98°3 
96°5 
95°9 
95°4 


3490°0 2°2851 0°87532 
4461°3 22880 0°87571 
6999°9 2°2965 0°87677 
9811-7 2°3058 0°87795 


2-Nitrodiphenyl. 
1696°1 2°3075 0°87491 348°6 
2871°6 2°3313 0°87565 345-2 
3250°1 2°3385 0°87589 342-4 
3697°3 23475 0°87617 341-6 


4-A cetamidodiphenyl. 


101°81 2°2746 0°87384 362-5 
138°26 2°2756 0°87386 387-7 


4-Nitrodiphenyl. 

2057°4 + 2°3243 0°87516 413-2 
2499°9 2°3356 0°87551 412°6 
2881°0 2°3451 0°87578 411°2 
4292°3 2°3780 0°87671 403°5 

4-Nitro-4’-aminodiphenyl. 

54°55 2°2757 0°87381 934 

118°36 2°2799 0°87385 976 


0°87386 889 


4-A minodiphenyl. 
1668°9 2°2809 0°87457 117°3 
2539°6 2°2858 0°87496 120°0 
6792°5 2°3071 0°87677 118°7 


4-Bromo-4’-aminodiphenyl. 
852°26 2°2870 0°87487 295°3 


1330°7 
2114°5 


2°2938 0°87541 
2-3064 0°87632 


2741 
282°1 


13415 2°2801 
239°96 2°2864 


230°29 2°2774 0°87386 375°6 
290°25 2°2780 0°87389 340°4 
4-Bromo-3’-nitro-4’-piperidino- 
diphenyl. 
27800 2°2803 0°87425 484-9 
290°10 2°2806 0°87429 480°5 
304°99 2°2810 0°87432 479-7 
31864 2°2814 0°87436 478°9 


Bromobenzene. 


25475°0 2°3628 0°89195 82- 
26044°3 2°3653 0°89271 82 
1 
1 


0°87395 901 

Chlorobenzene. 
2°2852 0°87479 
2°2880 0°87494 
2°2925 0°87534 


Fluorobenzene. 
13834°0 2°3135 0°87592 71°2 
26544°8 2°3496 0°87799 69°8 
45941°0 2°4042 0°880931 68°9 


38048 79°3 
4301-1 


57778 


Aniline. 
2°3448 0°87709 
2°3658 0°87807 
2°4036 0°87964 


Nitrobenzene. 
2°6390 0°88035 337°5 
2°7411 0°88153 333-1 
2°8067 0°88298 322°8 


20716 
26836 
36815 


9 16110 
7 20530 
9 
9 


34010°0 2°3902 0°89823 8 23887 


49686°3 2°4487 0°90950 81- 
Acetanilide. 
1415°8 2°3050 0°87432 369-2 


3506°4 2°3531 0°87501 366°8 
4735-4 2°3808 0°87538 363-6 


p-Bromoaniline, 
5601‘1 2°3390 0°87925 203-2 
15021 2°4551 0°88872 199°5 
23613 2°5601 0°89701 196-9 


p-Nitroaniline. 
2216°5 2°3980 0°87607 837 
2500°0 2°4143 0°87523 835 
3344-0 2°4627 0°87571 829 
3471°96 2°4629 0°87580 800 


4’-Bromo-2’-nitro-1-phenylpiperidine. 
685°98 2°2906 0°8741 442-4 
1000°1 22991 0°87514 444°6 
1499°8 2°3121 0°87579 441-2 
2006°9 2°3252 0°87646 438-1 


From the above data, the polarisation at infinite dilution (*P, in following table) of each of 
the solutes was calculated by the expression: “P, = A(M, — BB) + Ca (for definition of 
symbols, see Le Févre and Russell, this vol., p. 491). The specimen of benzene used in these 
measurements had A = 0-34085, B = 89-265, and C = 14-670. The figures under (“P)) 
were obtained by graphical estimation. The moments corresponding to these polarisations 
are shown under p and (uy) respectively. They have been estimated on the assumption that 
the [R,]p values in the 6th column represent the distortion polarisations. 


Substance. . B. P.. (“P;). ([Rz]p.* 
4-Fluorodiphenyl 0°4277 1053 98 
4-Chlorodiphenyl 05752 1053 108 
4-Bromodiphenyl 1-053 113-4 117 
2-Nitrodipheny 0°6457 364-1 351 
4-Nitrodiphenyl 06776 4155 425 
4-Aminodiphenyl 0°4518 119°0 119 
4-Acetamidodiphenyl 0°3494 366-6 360—410 
4-Nitro-4’-aminodiphenyl] 0°4196 925°0 ca. 940 
4 Bromo-4’-aminodiphenyl 1217. =. 287°4 
4-Bromo-3’-nitro-4’-piperidinodiphenyl 2029 471:2 
Fluorobenzene 0°1554 70°7 
Chlorobenzene ..... Ad cccwaseouvistpaseccberees 0°2958 80:2 
Bromobenzene 07188 83°4 
Nitrobenzene 0°3891  367°0 
Aniline 01588 78:4 
Acetanilide 0°3487 371°9 

0°5721 862°0 
p-Bromoaniline 0°9904 206°8 
4’-Bromo-2’-nitro-l-phenylpiperidine ... 26°412 1328 4442 
* Calculated on the basis of data given in Landolt—Bérnstein—Roth, “ Tabellen,” 5th Edn., 1923, 
II, pp. 973—985; Erganz.-bd. IT, 1931, pp. 820—822. 
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SUMMARY AND CONCLUSION. 


The moments of a number of corresponding 1 : 4- and 4: 4’-substituted benzenes and 
diphenyls have been measured, and from the mesomerism thereby revealed the inference 
has been drawn that the independent conjugation of the nuclei in diphenyl derivatives 
generally is not so complete as might appear from certain earlier discussions on the point. 
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238. Syntheses in the Sesquiterpene Series. Part III, A Synthesis of 
1 : 10-Dimethyl-7-isopropyldecal-2-one. 
By A. E. BRADFIELD, E. R. JoNEs, and J. L. SIMONSEN. 


It was shown recently (this vol., p. 667) that the sesquiterpene ketone «-cyperone was 
represented by (I) and that it gave on catalytic hydrogenation the decalone (II). We now 
record the synthesis of a ketone which we regard as structurally, although not stereo- 
chemically, identical with tetrahydro-«-cyperone (II). 


CH, me CH CHa me CH, CH, 


H re NY pa He \cuMe 
o)8 Pr®CH CH Pr6CH CO 
Nh \ 2 Not, “ \cfeicHco.et 
“l. ) (II.) (III.) 


The condensation of /-tetrahydrocarvone with ethyl 6-chloropropionate in the presence 
of sodamide can theoretically give a mixture of ethyl 5 mothet-4 LanteeationdenianaS. 
one-3-8-propionate (III) and ethyl 1-methyl-4-isopropyleyclohexan-2-one-1-f-propionate 
(IV; R=H). The latter, which in our experiments formed the main, if not the sole 
product of the condensation, was readily purified by condensation with ethyl oxalate, 
(IV; R = CO-CO,Et), which was soluble in alkali, being obtained. Isolation of this ester 
through its sodium salt was found preferable to purification by distillation (compare 
Ruzicka, Koolhaas, and Wind, Helv. Chim. Acta, 1931, 14, 1169). 

Distillation of the ester (IV; R = CO-CO,Et) after liberation from its sodium salt 
proceeded smoothly with the loss of carbon monoxide to give ethyl 3-carbethoxy-1-methyl-4- 
isopropylcyclohexan-2-one-1-B-propionate (IV; R = CO,Et), from which, after hydrolysis 
with hydrochloric acid and re-esterification, the ester (IV; R =H) was obtained. The 
next stage in the synthesis consisted in the condensation of this ester with ethyl «-bromo- 
propionate in the presence of zinc; it was anticipated that either the hydroxy-ester (V) 
or the related unsaturated ester would be formed. Condensation, in toluene solution, gave 


CH, Me CH, Me CHg Me “es 


rhe ia he Et HC 7 ae CO,Et Hy SS yar 


Pr6CH CO Pr6CH C*CHMe-CO,Et rae 


‘fir fi, ‘on a ai 


(IV.) (V.) vi I) 


a product distilling with some decomposition over a wide range. An examination of the 
various fractions indicated that the reaction had proceeded abnormally and that ring closure 
had occurred. All the fractions reacted with 2 : 4-dinitrophenylhydrazine and gave with 
alcoholic ferric chloride a bluish-green coloration, the intensity of which increased with 
rise in boiling point. From the fraction boiling below 190°/11 mm. a scarlet 2 : 4-dinitro- 
phenylhydrazone, m, p. 187—189°, was prepared, which analysis showed to be derived from 
a ketone C,;H,,0. For this unsaturated ketone we suggest the structure (VI; R = H), 
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but we have not isolated it in a pure state or determined the position of the ethylenic 
linkage. 

Before it was realised that ring closure with the loss of a carbethoxy-group in a part of 
the condensation product had already occurred, an attempt was made to hydrogenate 
the total distillate. This proceeded very slowly and incompletely and on redistillation a 
low-boiling fraction (up to 175°/10 mm.) was obtained. This fraction, after digestion with 
methyl-alcoholic potassium hydroxide solution to remove any ester present, gave an oil, 
b. p. 165—170°/16 mm., from which a 2 : 4-dinitrophenylhydrazone, identical with that 
referred to above, was prepared. Since this oil consisted, therefore, essentially of an un- 
saturated ketone, it was catalytically hydrogenated ; the product, b. p. 146—155°/11 mm., 
partly crystallised. The solid crystallised from methyl alcohol in well-formed prisms, 
m. p. 102—103°. The decalone, which was dextrorotatory in chloroform solution, was 
characterised by the preparation of the semicarbazone, m. p. 210°, and the 2 : 4-dinitro- 
phenylhydrazone, m. p. 221—223°. In view of the somewhat abnormal manner in which 
ring closure had occurred, we have confirmed the fact that this ketone is 1 : 10-dimethyl-7- 
isopropyldecal-2-one (II) by converting it into 1 : 2-dimethyl-7-isopropylnaphthalene, 
the picrate, m. p. 91-5—93°, and the s-trinitrobenzene derivative, m. p. 108—110°, of which 
were identical with those described previously (this vol., p. 670). We believe this to be the 
first synthetic ketone of the eudalene type, 7.e., with an angle methyl group, having a struc- 
ture identical with that of a hydrogenated, naturally occurring sesquiterpene ketone. 

Preliminary experiments have been made with the object of hydrolysing the keto-ester 
(VI; R = CO,Et), which the ferric chloride reaction suggested was present in the higher- 
boiling fractions of the condensation product, with the object of preparing further quan- 
tities of the unsaturated ketone. These have so far proved unsuccessful, but further 
experiments will be instituted when material is available. It is anticipated that the further 
study of this ketone and of the related saturated ketone will throw light on the stereo- 
chemical configurations of «-cyperone and tetrahydro-«-cyperone. We intend also to 
extend these experiments by replacing tetrahydrocarvone by dihydrocarvone, from which 
we hope to prepare selinene and hydroxyeremophilone. 

Prior to the inception of these experiments we undertook the preparation of 3-hydroxy- 
methyl-2-8-hydroxyethyl-1 : 3-dimethylcyclohexane (XI) with a view to its conversion into 
the dicarboxylic acid (XII) via the dibromide and dinitrile. Unfortunately the replace- 
ment of the hydroxy-groups by bromine could not be effected. The preparation of the 
glycol was carried out in accordance with the scheme given above. 3-Carbethoxy-1 : 3- 


CHMe CHMe CHMe 


if Faves 7 
HC co H.C ¢(OH)-CH,*CO,Et H.C ¢:CH-CO,Et 
H,C CMe:CO,Et . H,C CMe:CO,Et ” HAC CMe:CO,Et : 


CH, CH, CH, 
(VIL.) (VIIL.) (IX.) 


CHMe CHMe CHMe 


* ie f® * 
H,f ‘CH-CH,CO,Et_. H,f  “CH-CHyCH,OH_, Hy, CH-CH,*CH,-CO,H 
H,C _ CMe-CO,Et H,C _ CMe-CH,-OH H,C —- CMeCH,CO,H 


ht, CH, H, 

(X.) (XI.) (XII) 
dimethylcyclohexan-2-one (VII), readily prepared by the methylation of 3-carbethoxy-1- 
methylcyclohexan-2-one, condensed with ethyl bromoacetate in the presence of zinc to 
yield ethyl 3-carbethoxy-1 : 3-dimethylcyclohexan-2-ol-2-acetate (VIII). Difficulty was 
experienced in the dehydration of the hydroxy-ester to the unsaturated ester, which could 
only be carried out by the Darzens process. Unfortunately the unsaturated ester so 
obtained, which may be regarded as ethyl 3-carbethoxy-1 : 3-dimethylcyclohexylidene-2- 
acetate (LX), although the position of the ethylenic linkage was not determined, contained 
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impurities which made catalytic hydrogenation to (X) impossible. It was only after it 
had been kept in contact with aluminium amalgam in ethereal solution for some days that 
the pure ester could be isolated. This was then hydrogenated at 3 atmospheres pressure 
with a platinic oxide catalyst to ethyl 3-carbethoxy-1 : 3-dimethylcyclohexan-2-acetate (X), 
from which, by reduction with sodium and alcohol, the glycol (XI) was obtained. The 
glycol showed a marked tendency to lose water with the formation of unsaturated sub- 
stances and it is for this reason probably that all attempts to convert it, or its diacetate, into 
the dibromide failed. 

During the experiments which were made to purify the ester (IX), it was hydrolysed 
with ethyl-alcoholic potassium hydroxide solution; in addition to the dibasic acid, m. p. 
148—150°, a hydrogen ester, m. p. 120—121°, most probably (XIII), was then obtained. 
On re-esterification with alcohol and sulphuric acid of the liquid hydrolysis products, 
a mixture resulted, from which by hydrolysis of the appropriate fractions (see p. 1142) two 


CHMe iw ea 
HC Ne -CH-CO,H H,¢ } CH-CH,°CO,H H,¢ CH-CH, 
H,C CMe:CO,Et H,C OC—CMe H,C CMe-CO,H 
wat 
CH, CH, 
(XIII) (XIV.) (XV.) 
lactonic acids, C,,H,,0,, were separated ; lactone (A) had m. p. 194—195°, and Jactone (B), 
m. p. 128—129°. As was anticipated, both these lactones were stable to potassium per- 
manganate in alkaline solution. Their structures were not determined, but they are 
probably the two lactones (XIV) and (XV). 

Since at one time it appeared probable that the keto-alcohol (XVI) would be of value 
for synthetic purposes, we prepared the semicarbazone of 3-carbethoxy-1 : 3-dimethyl- 
cyclohexan-2-one, from which the alcohol would be obtainable by the method of Asahina 
and Ishidate (Ber., 1934, 67, 1202). The yield of the semicarbazone was, however, extremely 
poor, the main product of the reaction being a crystalline substance, probably 2-carbamyl- 
3-keto-7 : 9-dimethyl-3 : 4: 5:6: 7 : 9-hexahydroindazole (XVII). 


CHMe CHMe N 


Lent a 
xvi) Hef ¢O HE 8 ¢ \y-conn, (XVIL.) 
H.C CMe-CH,-OH HAC CMe—CO 


uf 
CH, CH, 


In conclusion we may refer to two products which were isolated during the preparation 
of 3-carbethoxy-1l-methylcyclohexan-2-one by the condensation of ethyl oxalate and 
1-methylcyclohexan-2-one. After the carbethoxy-ketone had distilled, a fraction, b. p. 
170—178°/12 mm., was obtained which rapidly solidified and after recrystallisation from 
methyl alcohol had m. p. 139—140°. Analysis showed this substance to have the com- 
position C,H, 03, and it is identical probably with the product, m. p. 141°, described by 
K6étz, Blendermann, and Meyer (Ber.,1912, 45, 3704) which they suggest may be 6-methyl- 
3: 4:5: 8-tetrahydrocoumaran-l : 2-dione. During the recovery of 1-methylcyclohexan- 
2-one from the higher-boiling products by hydrolysis with alkali an oil was separated 
which was 2-methylcyclohexyl 1-methylcyclohexan-2-one-3-carboxylate, since it gave on 
hydrolysis 1-methyleyclohexan-2-one and 1-methyleyclohexan-2-ol. 


EXPERIMENTAL. 


Condensation of 1-Tetrahydrocarvone with Ethyl 8-Chloropropionate. Ethyl 1-Methyl-4-iso- 
propylcyclohexan-2-one-1-8-propionate (IV; R=H).—A mixture of /-tetrahydrocarvone 
(61-6 g.) and sodamide (16 g.) in ether (800 c.c.) was heated under reflux for 5 hours, hydrogen 
being passed to remove the ammonia liberated. It was then cooled in ice, and ethyl 8-chloro- 
propionate (54-8 g.) added with shaking during 15 minutes, sodium chloride separating. The 
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whole was heated for 5 hours, ice added, and the ether separated, dried, and evaporated. 
Distillation of the residual oil at 14 mm. gave (i) tetrahydrocarvone (18 g.) and two fractions, 
(ii) b. p. 172—182° (38 g.), and (iii) b. p. 182—-240° (12g.). Hydrolysis of (ii) gave a liquid acid, 
from which the semicarbazone, m. p. 180—181°, was prepared in good yield. This crystallised 
from methyl alcohol in prisms, m. p. 186—187° (Found: C, 59-4; H, 8-6. C,,H,,0,N, requires 
C, 59-4; H, 8-8%). As is shown later, this is the semicarbazone of the acid corresponding to 
(IV; R =H). 

No improvement in the yield of the keto-esters was observed when ethyl 8-iodopropionate 
was used in place of the chloro-ester. 

To a solution of sodium (5-1 g.) in alcohol (120 c.c.) cooled in salt—ice, a similarly cooled solu- 
tion of the keto-ester (fraction ii) (57 g.) and ethyl oxalate (45 g.) was added. On being allowed 
to warm gradually to room temperature (15 hours) a reddish-brown solution resulted, which was 
poured on ice. The ethereal layer (A) was separated, the alkaline solution acidified with dilute 
sulphuric acid, and the resulting yellow oil dissolved in ether. The residual oil, remaining after 
removal of the ether from the dried solution, readily lost carbon monoxide on being heated for 
45 minutes at 160—190° and then had b. p. 180—195°/4 mm. (21-6 g.). From the neutral pro- 
duct (A) of the condensation a further quantity (3-8 g.) of the higher-boiling fraction was obtained 
and the recovered material was re-treated with ethyl oxalate. [This recovered material (58 g.) 
from several experiments gave ester (30 g.), b. p. 180—195°/4 mm.] Ethyl 3-carbethoxy-1- 
methyl-4-isopropylcyclohexan-2-one-1-B-propionate (IV ; R = CO,Et), b. p. 186—189°/4 mm., 
n> 1-4637, {a]54¢, — 82° (in chloroform, c 2-4), was a colourless viscid oil giving with alcoholic 
ferric chloride a brownish-violet colour (Found: C, 66-5; H, 9-3. C,,H,,O; requires C, 66-2; 
H, 9-2%). The semicarbazone crystallised from alcohol in soft needles, m. p. 155° (Found: 
C, 59-4; H, 8-4. C,.H,,0,;N, requires C, 59-5; H, 8-6%). 

Hydrolysis of the ester (40 g.) was conveniently effected by digestion with hydrochloric 
acid (170 c.c.) for 14 hours. The acid (29 g.) was esterified with alcohol (290 c.c.) and sulphuric 
acid (52 g.) by heating for 20 hours; ethyl 1-methyl-4-isopropylcyclohexan-2-one-1-8-propionate 
(25-7 g.), isolated in the usual manner, had b. p. 174°/11 mm., df 0-9900, n?° 1-4641, [a] 5461 
— 112° (in chloroform, c 2-6), [Rz}p 70-83 (calc., 70-82) (Found: C, 70-6; H, 10-4. C,,H,,O, 
requires C, 70-9; H, 10-2%). The acid prepared by hydrolysis of the ester was an oil yielding 
a semicarbazone identical with that prepared from the crude acid (see above). 

Condensation of Ethyl 1-Methyi-4-isopropyicyclohexan-2-one-1-8-propionate with Ethyl a- 
Bromopropionate.—A mixture of the keto-ester (22-8 g.), ethyl a-bromopropionate (21 g.), 
and zinc (8 g.) in toluene (150 c.c.) was heated in an oil-bath, a vigorous reaction taking place. 
After 15 hours the zinc compound was decomposed with dilute sulphuric acid, the toluene 
separated and dried, and the solvent removed under diminished pressure. On distillation of 
the residual oil the main fraction had b. p. below 185°/10 mm. ; only a small fraction (5-7 g.) had 
b. p. 185—220°/10 mm.; considerable decomposition occurred. The lower-boiling fraction was 
treated again with ethyl a-bromopropionate and zinc and ultimately a product, b. p. 170—220°/11 
mm., was obtained. From the first fraction, b. p. up to 190°/11 mm., ni” 1-4905 (Found: 
C, 75-0; H, 108%), a2 : 4-dinitrophenylhydrazone was prepared, which crystallised from alcohol— 
ethyl acetate in bright scarlet, woolly needles with a metallic reflex, m. p. 187—189° (Found : 
C, 63-1; H, 6-9. C,,H,,O,N, requires C, 63-0; H, 7-0%). The constitution of the parent 
ketone is discussed on p. 1137. 

The whole of the condensation product was combined, dissolved in alcohol, and shaken with 
hydrogen in the presence of palladium-norit under 3 atmospheres pressure. Reduction was slow 
and ceased completely after approximately 40% of the theoretical quantity of hydrogen had 
been absorbed. On distillation of the product under diminished pressure (10 mm.) two fractions 
were obtained, (a) up to 175° and (b) 175—220°, the latter giving an intense green ferric chloride 
coloration, The lower-boiling fraction (12 g.) was mixed with methyl-alcoholic potassium 
hydroxide solution (KOH, 5 g.) and heated on the water-bath for 1 hour. Addition of water 
caused the separation of an oil, which was collected in ether; evaporation of the dried solvent 
gave a ketone (7 g.), b. p. 165—170°/16 mm., giving a 2: 4-dinitrophenylhydrazone, m. p. 
187—189°, identical with that described above. Without further purification the ketone was 
reduced in alcoholic solution (palladium-norit catalyst) at the ordinary pressure, the absorption 
of hydrogen, which was rapid, being slightly below the theoretical amount. The saturated 
ketone, isolated in the usual manner, had b. p. 146—155°/11 mm., and was a colourless oil 
which rapidly crystallised on keeping. After addition of methyl alcohol the solid was collected 
and recrystallised from the same solvent, 1 : 10-dimethyl-7-isopropyldecal-2-one (II) separating 
in well-formed prisms, m. p. 102—103°, [a] 544, + 22-2° (in chloroform, c 2-09) (Found: C, 81-3; 





Syntheses in the Sesquiterpene Series. Part III. 1141 


H, 11-6. C,,;H,,O requires C, 81:1; H, 11-7%). The semicarbazone crystallised from methyl 
alcohol, in which it was sparingly soluble, in prisms, m. p. 210° (Found: C, 69-2; H, 10-3. 
CygHyON, requires C, 68-8; H, 10:2%), and the 2 : 4-dinitrophenylhydrazone from ethyl acetate 
in orange-vellow silky needles, m. p. 221—223° (some decomp.) (Found: N, 13-9. C,,;HO,N, 
requires N, 13-9%). Analysis of a fraction of the total distillate, b. p. 146—147°/11 mm., showed 
that it contained apparently a small quantity of a hydrocarbon (Found : C, 82-8; H, 122%). 

Conversion of 1: 10-Dimethyl-7-isopropyldecal-2-one into 1: 2-Dimethyl-7-isopropylnaph- 
thalene.—The product (3-4 g.), b. p. 130—160°/13 mm., of the action of methylmagnesium 
iodide on the ketone was dehydrogenated by heating with selenium (5 g.) at 300° for 30 hours. 
The oil obtained, b. p. 130—160°/14 mm., yielded a picrate, m. p. 91-5—93°, and s-trinitrobenz- 
ene derivative, m. p. 108—110°, both alone and in admixture with the corresponding derivatives 
prepared from synthetic 1 : 2-dimethyl-7-isopropylnaphthalene. 

3-Carbethoxy-1 : 3-dimethylicyclohexan-2-one (VII).—This ester, prepared in a yield of 80% 
in the usual manner from 3-carbethoxy-1-methylcyclohexan-2-one, had b. p. 115—116°/16 mm., 

25° 1-003, n° 1-4484 (Found: C, 66-4; H, 9-1. C,,H,,0, requires C, 66-7; H, 9-1%). The 
semicarbazone, obtained in 30% yield from the ester and alcoholic semicarbazide acetate, 
crystallised from alcohol in prisms, m. p. 181° (Found: C, 56-3; H, 8-4. C,,H,;O,N; requires 
C, 56-4; H, 82%). Addition of ammonium sulphate to the water—alcohol solution from 
which the semicarbazone had been separated precipitated 2-carbamyl-3-keto-7 : 9-dimethyl- 
3:4:5:6: 7: 9-hexahydroindazole (XVII), which after crystallisation from alcohol had m. p. 
144—147° (Found: C, 57:2; H, 7-1. Cy H,,O,N, requires C, 57-4; H, 7-2%). 

Ethyl 3-Carbethoxy-1 : 3-dimethyicyclohexan-2-ol-2-acetate (VIII).—A mixture of 3-carbeth- 
oxy-1 : 3-dimethylcyclohexan-2-one (32 g.), ethyl bromoacetate (33 g.), and zinc (15 g.) was 
heated in benzene (100 c.c.), the reaction being as a rule complete in 3 hours. The cooled solu- 
tion was washed twice with dilute sulphuric acid, diluted with an equal volume of ether, and 
washed repeatedly with dilute sodium carbonate solution. This procedure was essential, as 
otherwise considerable decomposition occurred on distillation. After removal of the solvents 
fractionation of the residual oil gave the hydroxy-ester (15 g.), b. p. 150—176°/15 mm., which 
after further distillation had b. p. 172—173°/17 mm., d33: 1-074, n?° 1-4712. The ester was a 
somewhat viscid oil having a faint bluish fluorescence (Found: C, 62-6; H, 9-0. C,;H,,O, 
requites C, 62-9; H, 9-1%). 

Ethyl 3-Carbethoxy-1 : 3-dimethylcyclohexylidene-2-acetate (IX) (?).—To a cooled (salt-ice) 
and mechanically stirred mixture of the hydroxy-ester (50 g.) and pyridine (32 g.) in dry ether 
(300 c.c.), freshly distilled thionyl chloride (21 g.) was added during 1} hours. The stirring was 
continued for a further hour, and the mixture then kept at room temperature over-night. After 
addition of ice, the ethereal solution was separated, washed with dilute hydrochloric acid and 
sodium carbonate solution, and dried, and the solvent evaporated. The residual oil distilled 
mainly at 163—176°/20 mm. (41 g.) and on refractionation the unsaturated ester had b. p. 
166—169°/20 mm. The ester, which contained volatile sulphur compounds, could not be 
purified by distillation (Found: C, 66-0; H, 8-9%). To prepare the pure ester, the product 
(45 g.) in moist ether (1 1.) was added to freshly prepared aluminium amalgam (100 g.) and kept 
in the cold for 6 days, water being added from time to time. After filtration the sludge was 
washed repeatedly with ether, and the combined filtrates dried and evaporated; the pure un- 
saturated ester, b. p. 159°/13 mm., 1?” 1-4696, was then obtained as a colourless, pleasant- 
smelling oil (Found: C, 67-1; H, 9-1. C,,;H,,O, requires C, 67-1; H, 8-9%). 

. Hydrolysis of Ethyl 3-Carbethoxy-1 : 3-dimethylcyclohexylidene-2-acetate.—The ester (12-2 g.) 
was heated for 6 houts with ethyl-alcoholic potassium hydroxide solution (potassium hydroxide, 
12-2 g.; ethyl alcohol, 120 c.c.), a crystalline potassium salt separating. This was collected 
and dissolved in water and the solution was evaporated until free from alcohol and acidified. 
The gummy acid obtained partly solidified when triturated with formic acid and then crystallised 
from water in prisms, m. p. 148—150°, containing water of crystallisation, which was removed 
in a low vacuum at 100° [Found: C, 59-8; H, 7:7; (dried at 100°) C, 62-4; H, 7-6. 
C,,H,,0,,4H,O requires C, 59:7; H, 7:7%. Cy,H,,O, requires C, 62-3; H, 75%). 

The alcoholic solution from which the crystalline potassium salt had been separated was 
freed from alcohol and acidified, a gum (4-6 g.) being obtained. This partly crystallised on 
keeping and after trituration with formic acid gave a crystalline solid (1-3 g.), m. p. 104—112°, 
raised to 120—121° by three crystallisations from formic acid, from which it separated in prisms. 
The hydrogen ester (XIII) (?) was unstable to potassium permanganate in alkaline solution 
(Found : C, 64:7; H, 8-4. C,,H,,O, requires C, 65-0; H, 8-3%). 

Re-esterification of the liquid acids (34-3 g.), from a similar hydrolysis, with ethyl alcohol 

4D 
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(150 c.c.) and sulphuric acid (30 c.c.) gave an oil which distilled irregularly 170—198°/22 mm., 
analysis of the various fractions showing them to consist of a mixture of the unsaturated ester 
and a lactonic ester. Hydrolysis of the fraction, b. p. 187—195°/21 mm. (1-8 g.) (Found: 
(C, 64-0; H, 8-1%), with ethyl-alcoholic potassium hydroxide solution (potassium hydroxide, 
1 g.; ethyl alcohol, 10 c.c.) gave an oil, which partly crystallised. The solid was collected and 
recrystallised from water, in which it was sparingly soluble, the /actonic acid A separating in 
thick prisms, which, after drying in a low vacuum, had m. p. 194—195° (Found: C, 62-2; H, 
7°7; M, 212,100. C,,H,,O, requires C, 62-3; H, 7-5%; M, 212, 106). The lactonic acid was 
stable to potassium permanganate in alkaline solution. The /actonic ester, prepared by esterific- 
ation with ethyl alcohol and sulphuric acid, was an oil, b. p. 174—176°/11 mm., 3° 1-4700 
(Found : C, 65-0; H, 8-5. C,,3H,,O, requires C, 65-0; H, 8-3%). 

When the oil from which the lactonic acid A had been removed was again digested with ethyl- 
alcoholic potassium hydroxide and the product isolated in the usual manner after acidification, 
an isomeric /actonic acid B was obtained, which crystallised from water in plates, m. p. 128—129° 
(Found: C, 62-1; H, 7-7% ; M, 221, 112). 

Ethyl 3-Carbethoxy-1 : 3-dimethylcyclohexan-2-acetate (X).—The unsaturated ester was slowly 
reduced in alcoholic solution, a platinum oxide catalyst being used under 3 atmospheres pressure. 
The saturated ester, which gave no colour with tetranitromethane, had b. p. 155°/12 mm., 
dz: 1-025, n?” 1-4609 (Found : C, 66-8; H, 9-5. C,,;H,,O, requires C, 66-7; H, 9-6%). 

3-Hydroxymethyl-2-B8-hydroxyethyl-1 : 3-dimethylcyclohexane (XI).—To sodium (36 g.) 
covered with dry xylene, ethyl 3-carbethoxy-1 : 3-dimethylcyclohexane-2-acetate (27 g.) in absolute 
alcohol (360 c.c.) was added. The reduction proceeded smoothly and cooling was unnecessary. 
When the initial reaction had subsided (20 minutes), the mixture was heated at 130° fot 4 hour. 
Water (15 c.c.) was added, the solution heated for a further hour, and concentrated hydro- 
chloric acid (170 c.c.) added slowly down the condenser to the cooled solution. The sodium 
chloride was removed, and potassium carbonate (200 g.) added. After remaining over-night, 
the solution was filtered, the carbonate well washed with alcohol, and the alcohol removed 
through a column. The residue, which contained some water, was dissolved in ether, and the 
solution dried and evaporated. On distillation the product (11-9 g.) separated into two fractions, 
(i) b. p. 130—150°/16 mm. (3-9 g.), (ii) b. p. 1560—180°/15 mm. (6-6 g.). The higher-boiling 
fraction, which consisted of the slightly impure glycol, was an extremely viscid oil and was 
analysed without further purification (Found: C, 71-4; H, 11-0. C,,H,,O, requires C, 70-9; 
H, 11:8%). The lower-boiling fraction, which was unsaturated (percamphoric acid value, 10%), 
evidently consisted of an unsaturated alcohol (Found: C, 76-2; H, 11-5. C,,H,,O requires 
C, 78-5; H, 11-9%). 

The glycol (6-8 g.) in acetic anhydride (40 c.c.) containing a trace of pyridine was boiled for 
2 hours. The excess of anhydride was removed through a column, the residue dissolved in 
ether, the solution washed with sodium carbonate solution and dried, and the solvent evaporated. 
The diacetate was a pleasant-smelling oil, b. p. 136—137°/4 mm. (Found: C, 67-4; H, 9-2. 
C,5H,,O, requires C, 67-7; H, 9-6%). Hydrolysis of the diacetate with sodium hydroxide gave 
an oil which was not homogeneous, giving on distillation two fractions similar to those referred 
to above. 

The original potassium carbonate extract from which these alcohols had been separated 
gave on acidification 3-carboxy-1 : 3-dimethylcyclohexan-2-acetic acid (7 g.), which after crystal- 
lisation from water had m. p. 185° (Found: C, 61-8; H, 8-6. C,,H,,O, requires C, 61-7; 
H, 8-6%). 

6-Methyl-3 : 4 : 5 : 8-tetrahydrocoumaran-| : 2-dione( ?).—From the residues remaining after 
the distillation of 3-carbethoxy-l-methylcyclohexan-2-one an oil, b. p. 170—178°/12 mm., 
was obtained, which rapidly crystallised on cooling. ‘It was freed from oil by trituration with 
ligroin (b. p. 40—60°) and then crystallised from dilute methyl alcohol in long needles, m. p. 
139—140°. It was very readily oxidised on exposure to the air, giving a gum. For analysis it 
was dried in a low. vacuum over phosphoric oxide (Found: C, 64-8; H, 6-1. Calc.: C, 65-1; 
H, 6-0%). With alcoholic ferric chloride it gave a violet coloration. 

2-Methylcyclohexyl 1-Methylcyclohexan-2-one-3-carboxylate.—For the recovery of 1-methyl- 
cyclohexan-2-one from the by-products formed in its condensation with ethyl oxalate, the higher- 
boiling fractions were digested with aqueous potassium hydroxide for some hours, and the 
ketone removed in steam. The non-volatile residue, isolated with ether, distilled at 181—182°/ 
19 mm. and gave with alcoholic ferric chloride a violet colour (Found: C, 71-1; H, 9-5. 
C,;H,,O, requires C, 71-4; H, 95%). The semicarbazone crystallised from methyl alcohol in 
needles, m. p. 152—153° (Found: C, 62-1; H, 8-7. C,,sH,,0,N, requires C, 62-1; H, 87%); 
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the 2: 4-dinitrophenylhydrazone separated from the same solvent in orange-yellow needles, 
decomp. 109—110° (Found: C, 58-1; H, 6-6. (C,,H,,0,N, requires C, 58-3; H, 6-5%). 
Hydrolysis of the oil with methyl-alcoholic potassium hydroxide solution gave 1-methylcyclo- 
hexan-2-one (semicarbazone, m. p. 190°, and 2. 4-dinitrophenylhydrazone, m. p. 134°, both 
alone and in admixture with authentic specimens) and 1-methylcyclohexan-2-ol (phenylurethane, 
m. p. and mixed m. p. 103—104°). 
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239. The Possibility of Dynamic Isomerism in Certain Heterocyclic 
Compounds. 


By E. W. McCLELLAND and C. E. SALKELD. 


A HETEROCYCLIC compound of the type (I) might behave as (I) in equilibrium with (II). 
2-Thio-1 : 2-dihydrobenzisothiazoles (III) (McClelland, Warren, and Jackson, J., 1929, 
1582) conform to this type, as does 2 : 3-dithiosulphindene (V == VI), from which they 
are obtained by the action of primary amines. Regarded in this way, these compounds 
should be formulated as the equilibria (A) and (B). This investigation was directed to 
determining if such equilibria existed. 


© @ (2) 
CoHi<e>8 = CHi<C>y CoH, <pom = C.H <C>”) 
Y 


i 
8 S(y) (8{)NR 
(II.) (III.) (IV.) 


| 


(x) ‘B) («) sO, 


= CH <E>Sy) CoH<p NR Co<E>S 
O O 


ti 
S(8) 
(V.) (VI.) (VII.) (VIII.) 

The structure (III) assigned to these thiotsothiazoles was based on their oxidation to 
saccharins (VII). It is now found that they (III; R = Me or Ph) are hydrolysed to 2- 
dithiobenzoyl (VIII) and 2 : 2’-dithiobenzoic acid, the latter being a disruption of the former. 
The formation of saccharins by oxidation and of 2-dithiobenzoyl by hydrolysis is in accord 
with the suggested equilibrium (A). 

In contrast to the thiotsothiazoles (III or IV; R = alkyl or aryl) the oxime derived 
from 2:3-dithiosulphindene and the corresponding O-methyl ether do not react with 
hydrogen sulphide to give 2 : 3-dithiosulphindene (V), nor are they oxidised to saccharins 
but instead give sulphones (IX; and IX with OMe for OH) without elimination of sulphur. 
These results suggest that the oxime type is differently constituted from the thiosso- 
thiazoles previously investigated. The failure to obtain a saccharin from the oxime and its 
methyl ether appears to exclude the structures (III; R = OH or OMe) and it is concluded 
that these compounds have the structure (IV; R = OH or OMe), no evidence of an equi- 
librium (A) having been obtained. Since the oxime does not give 2 : 3-dithiosulphindene 
with hydrogen sulphide, the reactivity of the thiossothiazoles with hydrogen sulphide may 
be indicative of their labile nature. The compounds [III or IV; R = NHPh, NH-CO,Et, 
or NH-CO-0-C;H,,(tso)] also do not give 2: 3-dithiosulphindene with hydrogen sulphide, 
indicating that they are similarly constituted to the oxime type (IV) and are not an equi- 
librium of two forms. The compounds (III or IV; R = NH, or CH,°CH,°OH) react with 
hydrogen sulphide to give 2 : 3-dithiosulphindene and therefore may be an equilibrium of 
two forms (III ==» IV). 
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It is therefore suggested that those compounds (III or IV; R = alkyl or aryl) which on 
treatment with hydrogen sulphide regenerate 2 : 3-dithiosulphindene, are hydrolysed to 
2-dithiobenzoyl, and on oxidation give N-substituted saccharins are an equilibrium of the 
two forms (III == IV), whereas those (IV; R = OH or OMe) which do not react with 
hydrogen sulphide, are hydrolysed to 2-dithiobenzoyl, and on oxidation give sulphones 
without elimination of sulphur have the structure (IV). 


S S S 
CH<S>s  GyH,<S>s ChH,<S>s 
= CRH-OH “ CNE-NH-CO-NH, rahe 
NHMe SH N-NH-CO-0-C;H,, 
(X.) (XI) (XII) 


The oxime (IV; R = OH) was obtained by the action of hydroxylamine on 2: 3- 
dithiosulphindene. While the work was in progress Mannessier-Mameli (Gazzetta, 1932, 62, 
1067) also obtained this oxime and assigned to it the same structure. The oxime on 
hydrolysis gave 2-dithiobenzoyl, whereas the sulphone (IX) obtained by oxidation gave 
2: 2’-dithiobenzoic acid. The thiotsothiazole (III or IV; R= Me) also reacted with 
hydroxylamine to give the oxime; hydrogen sulphide was evolved during the reaction, but 
no other product was isolated. 

The formation of the oxime from this source can be accounted for by assuming addition 
of hydroxylamine at the methylimino-group of the ketimine form (IV), followed by elimin- 
ation of methylamine from the addition compound (X) as in the amidines (loc. cit.). The 
evolution of hydrogen sulphide indicates reaction of the thiossothiazole in the isothiazole 
form (III) with hydroxylamine. 

The methyl ether of the oxime (IV; R= OH), obtained by methylation or by the 
interaction of O-methylhydroxylamine and 2: 3-dithiosulphindene, exhibited similar 
properties. It was hydrolysed to 2-dithiobenzoyl and oxidised to a sulphone (IX with 
OMe for OH). An identical sulphone was obtained by methylation of (IX); hydrolysis of 
these sulphones (IX ; IX with OMe for OH) gave 2 : 2’-dithiobenzoic acid. 

The compounds (III or IV; R= CH,*CH,-OH, NH,, or NHPh) were obtained by 
condensation of 2: 3-dithiosulphindene with §-aminoethanol, hydrazine, and phenyl- 
hydrazine respectively. They reacted vigorously with hydrogen peroxide, but crystalline 
oxidation products could not be isolated. They gave 2-dithiobenzoyl and 2 : 2’-dithio- 
benzoic acid on hydrolysis. 

Semicarbazide reacted with 2 : 3-dithiosulphindene ; hydrogen sulphide was not evolved 
and the product, which was soluble in alkali, appeared to be the addition compound (X1). 
Attempts to obtain a semicarbazone from this by elimination of hydrogen sulphide were 
unsuccessful; when the material was heated in xylene, ammonia was evolved. The iso- 
amyl carboxylate (XII) corresponding to the semicarbazone was obtained, however, by 
boiling with isoamyl alcohol (compare this vol., p. 1050). The formation of the addition 
compound suggests that the first stage in the reaction of a base with 2 : 3-dithiosulphindene 
is addition to the thioketonic link. The isolation of the primary product in the reaction 
with semicarbazide is attributed to its insolubility. Neither the addition compound nor 
the tsoamyl carboxylate derived from it was affected by hydrogen sulphide; both gave 
2-dithiobenzoyl and 2 : 2’-dithiobenzoic acid on hydrolysis. 

Since the thiotsothiazoles react with hydrogen sulphide to give 2 : 3-dithiosulphindene, 
it seemed of interest to investigate the action of hydrogen selenide to determine whether a 
selenium analogue of 2 : 3-dithiosulphindene, if formed, would have the selenium in the 
(8) or the (y) position (V). Hydrogen selenide reacted readily with the thiossothiazole (III 
or IV; R= Me), but, unlike hydrogen sulphide, acted as a reducing agent and did not 
form a selenium analogue of 2: 3-dithiosulphindene. The product of this reduction in 
alcohol was an unstable thiol, for which the formula (XIV => XIII) is suggested, since on 
methylation with methyl sulphate in alkali it gave the thioamide (XVI) as the main product 
and a small amount of the N-dimethylthioamide (XVII). The formation of the thioamide 
(XIV) is in accord with reduction of the isothiazole in the ketimine form (IV). Its form- 
ation by reduction of the ssothiazole form (III) and subsequent enolisation of (XIII) cannot 
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be excluded. On the other hand, reduction of the isothiazole in ether and methylation of 
the product with diazomethane in ether gave the thioamide (XV). This is in agreement 
with reduction of the thiazole in the ésothiazole form (III), although here also its formation 
from the ketimine form (IV) through ketonisation of (XIV) cannot be excluded. These 


results, whilst in accord with the suggested equilibrium (A), are inconclusive. 
The structures of these thioamides were confirmed by the following syntheses. 


2-Methylthiobenzomethylamide (XIX), from 2-methylthiobenzoyl chloride and methyl- 
amine, was converted into the corresponding thioamide (XV) by Kindler’s method (Annalen, 
(A) 
(III; R= Me) == (IV; R= Me) 
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1923, 431, 209). Methylation of the thioamide gave the required product (XVI); at the 
same time a small amount of the N-dimethylthioamide (XVII) was formed, The N-di- 
methylthioamide (XVII) was synthesised from 2-methylthiobenzoy] chloride and dimethyl- 
amine, the amide (XVIII) thus obtained being converted into the requisite thioamide 
(XVII). The thioamide (XVI) is partially demethylated to the thioamide (XV) by hydro- 
gen sulphide. This.is attributed to addition of hydrogen sulphide at the methylimino- 
group with formation of the unstable intermediate (XX) and subsequent elimination of 
methylthiol. The thioamide (XVI) also reacted with hydroxylamine to give the amidoxime 
(XXII), presumably by elimination of methylthiol from the intermediate addition com- 
pound (XXI). These reactions are in contrast to those of the similarly constituted amid- 
ines (compare Bernthsen, Annalen, 1878, 192, 29; Ber., 1877, 10, 1238), where hydrogen 
sulphide and hydroxylamine effect replacement of the methylimino-group by sulphur and 
the oximino-group respectively. 

In conclusion it appears that the reactions of the thioisothiazoles can be adequately 
accounted for by assuming a dynamic equilibrium of the type postulated and negative 
evidence has not been forthcoming. Mechanisms for the reactions described can be 
devised on the basis of ring fission and closure, but the simpler interpretation of an 
equilibrium of two isomeric forms is not necessarily thereby excluded. 


EXPERIMENTAL. 


The compounds (III or IV, R = Me, CH,°CH,*OH, Ph, NH,, or NHPh; IV, R = OH or 
OMe; IX; IX with OMe for OH; XI; XII) were hydrolysed by heating with concentrated 
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hydrochloric acid in a sealed tube at 130—160° for 2 hours. The product was diluted with 
water, and the solid collected. 2-Dithiobenzoy] was isolated from the solid by steam distillation ; 
2 : 2’-dithiobenzoic acid remained in the residue. These products were both obtained from the 
above compounds with the exception of (EX and IX with OMe for OH), which gave only 2: 2’- 
dithiobenzoic acid. 

The effect of hydrogen sulphide on certain of the following compounds was determined by 
saturating their alcoholic solutions with hydrogen sulphide and keeping them at room temper- 
ature for 2 days. The product was precipitated by water. By this treatment the compounds 
(III or IV, R = CH,°CH,°OH or NH,) gave 2: 3-dithiosulphindene, but the compounds (IV, 
R = OH, OMe, NH°CO,Et, or NHPh; XI; XII) did not. 

Oxime from 2:3-Dithiosulphindene (IV ; R=OH).—2 : 3-Dithiosulphindene (5 g.), fused sodium 
acetate (10 g.), and hydroxylamine hydrochloride (10 g.) were refluxed in alcohol (200 c.c.) for 
10 minutes. The oxime precipitated by water crystallised from alcohol in yellow needles, m. p. 
208°; yield, 90% (Found: C, 45-7; H, 2:3; N, 7:7; M, 188. Calc. for C;,H,ONS,: C, 45-9; 
H, 2:7; N, 7-6%; M, 183). The oxime was also obtained when a solution of 2-thio-1-methy]l- 
1 : 2-dihydrobenzisothiazole (III or IV; R = Me) (2 g.) in alcohol (100 c.c.) was refluxed for 2} 
hours with hydroxylamine hydrochloride (2-5 g.) and anhydrous sodium acetate (3 g.). The 
product was poured into water, and the oxime (0-3 g.) precipitated ; the mother-liquor contained 
an oily product. 

The sulphone (IX), obtained by heating the above oxime (1 g.) in acetic acid with hydrogen 
peroxide (2-5 c.c. of 30%) for 10 minutes at 100°, crystallised from alcohol as a white micro- 
crystalline powder, m. p. 177° (Found : C, 39-1; H, 2-5; S, 29-2. C,H,O,NS, requires C, 39-1; 
H, 2-3; S, 29-8%). More prolonged oxidation gave the same product. Methylation of the 
sulphone was effected as follows : The sulphone (1 g.) in alcohol (5 c.c.) was ground to a paste 
with potassium carbonate (3 g.) and methyl sulphate (0-9 g.) and set aside for 30 minutes. The 
solid was collected, washed with water, and extracted with ether. The ethereal solution was 
dried over sodium sulphate and evaporated. The residue crystallised from alcohol and was 
identical with the sulphone (IX ; OH = OMe) described below. 

The Methyl Ether of the Oxime (IV; R = OMe),—A solution of the afore-mentioned 
oxime (5 g.) in sodium hydroxide (10 g.) and water (100 c.c.) was shaken with methyl 
sulphate (10 g.) for 2 hours. The product was collected, distilled in steam, and purified from 
methyl alcohol, from which it was obtained in yellow needles, m. p. 55° (Found: C, 48-5; 
H, 3:8. C,H,ONS, requires C, 48-7; H, 3-6%). The O-methyl ether was also obtained when 
2 : 3-dithiosulphindene (1 g.), O-methylhydroxylamine (1-7 g.), anhydrous sodium acetate 
(1-8 g.), and alcohol (40 c.c.) were refluxed for 2} hours and the product, precipitated by water, 
purified as above. The corresponding sulphone (IX; OH = OMe), obtained by oxidation as 
in the previous experiment, crystallised from aqueous alcohol in white plates, m. p. 135° 
(Found: C, 41-5; H, 3-0. C,H,O,NS, requires C, 41-9; H, 3-1%). 

Condensation of 8-Aminoethanol with 2: 3-Dithiosulphindene.—A solution of 2 ; 3-dithio- 
sulphindene (5 g.) in ethyl alcohol (300 c.c.) and B-aminoethanol (5 g.) was refluxed for 3 hours. 
The solution was evaporated to about 30 c.c., and concentrated hydrochloric acid (50 c.c.) 
added. The solution was diluted with water and filtered, and the filtrate neutralised with sodium 
carbonate. The precipitated material crystallised from methyl alcohol in yellow needles, m. p. 
107°; yield, 60% (Found: C, 51-1; H, 4:6. C,H,ONS, requires C, 51-2; H, 43%). The 
substance formed an acetyl derivative, which crystallised from methyl alcohol in yellow plates, 
m. p. 64-5° [Found : C, 52-0; H, 4-6 (Schoeller). C,,H,,O,NS, requires C, 52-1; H, 4-4%]. 

Hydrazone from 2 : 3-Dithiosulphindene.—A solution of 2 : 3-dithiosulphindene (5 g.) in ethyl 
alcohol (400 c.c.) containing hydrazine hydrochloride (11-4 g.) and anhydrous sodium acetate 
(9-1 g.) was refluxed for 2 hours. The solution was poured into water, filtered, and basified, 
The solid product crystallised from methyl] alcohol in orange plates, m. p. 125° (Found : C, 46-0; 
H, 3-4. C,H,N,S, requires C, 46-1; H, 3-3%). 

Ethyl chloroformate (0-6 g.) was added to a solution of the above hydrazone (1 g.) in ether 
(10 c.c.) containing a few drops of pyridine. The product obtained after removal of the ether 
crystallised from methyl alcohol (charcoal) in orange plates, m. p. 96° (Found ; C, 47-4; H, 4-5; 
M, 266. C,9H,,O,N,S, requires C, 47-2; H, 40%; M, 254). 

Phenylhydrazone from 2 : 3-Dithiosulphindene.—2 : 3-Dithiosulphindene (1 g.) and phenyl- 
hydrazine (5 c.c.) were heated together at 100° for 10 minutes. The solid obtained by stirring 
the product with hydrochloric acid (2N) crystallised from alcohol in brown needles, m. p. 
106° (Found : C, 60-4; H, 3:9. C,,;H, N,S, requires C, 60-4; H, 3-9%). 

Reaction of 2 : 3-Dithiosulphindene with Semicarbazide.—A solution of 2 : 3-dithiosulphindene 
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(10 g.) in ethyl alcohol (300 c.c.) was refluxed for 12 hours with anhydrous sodium acetate 
(13-3 g.) and semicarbazide hydrochloride (18-3 g.)._ The solid which had separated was collected 
(a further quantity was obtained by concentration of the alcoholic mother-liquor), washed with 
water, and extracted with sodium hydroxide (2N). Acidification of the extract gave a yellow 
material (5 g.). Attempts to purify the compound (XI) by crystallisation from alcohol resulted 
in less pure material melting over a greater range than that obtained by precipitation from 
alkaline solution; a specimen obtained by the latter process had m. p. 205—212° (Found : 
C, 37:1; H, 3-3. C,H,ON,S, requires C, 37-0; H, 3-5%). 

The compound (1 g.) was refluxed with isoamyl alcohol (50 c.c.) for 6 hours. Concentration 
of the solution gave isoamyl 1-keto-2 : 3-dithioindenehydrazone-B-carboxylate (XII), which 
crystallised from alcohol in yellow needles, m. p. 105° (Found: C, 52-5; H, 5-5; S, 22-0; N, 
9-8. C,,3H,,0,N,S, requires C, 52-7; H, 5-4; S, 21-6; N, 9-5%). 

Syntheses of Thioamides.—2-Methylthiobenzomethylamide (XIX). An ethereal solution of 
2-methylthiobenzoyl] chloride (J., 1929, 2625) (from 17 g. of the acid) was added to ice-cooled 
aqueous methylamine (30 g. of 33%). The precipitated material crystallised from water in 
white plates, m. p. 140°; yield, 82% (Found: C, 59-8; H, 6-1. C,H,,ONS requires C, 59-6; 
H, 61%). 

2-Methylthiobenzomethylthioamide (XV).—The foregoing amide (16 g.) in xylene (250 c.c.) 
was shaken in the cold with finely ground phosphorus pentasulphide (9 g.) and potassium 
sulphide (9 g.) ; the mixture was refluxed for 2} hours and filtered hot. The residue was refluxed 
for a further 3 hours with xylene (100 c.c.) and filtered hot. The two filtrates were combined, 
the xylene removed in steam, and the residual oil extracted with ether. The dried ethereal 
solution was evaporated to small bulk, and the thioamide precipitated by addition of light 
petroleum (b. p. 40—60°), from which it crystallised in white needles, m. p. 71°; yield, 57% 
[Found : C, 54:8; H, 5-9; S, 32-3 (Schoeller). C,H,,NS, requires C, 54-8; H, 5-6; S, 32-5%]. 

2-Methylthiobenzo-NS-dimethylthioamide (XV1).—A solution of the foregoing thioamide (5 g.) 
in alcohol (60 c.c.) and potassium hydroxide (5 g.) was shaken with methyl sulphate (9-5 g.) for 
5 minutes and poured into water. The emulsion formed was extracted with ether, and the extract 
dried and evaporated. The residue was extracted with hydrochloric acid (2N), and the extract 
filtered and neutralised with ammonium carbonate. The oily product solidified on stirring and 
crystallised from light petroleum (b. p. 40—60°) in white plates, m. p. 68-5° (Found: C, 56-7; 
H, 6-1. C, ,H,,NS, requires C, 56-8; H,6-2%). The residue remaining after the extraction with 
hydrochloric acid crystallised from aqueous alcohol, had m. p. 80—82°, and gave no depression 
with 2-methylthiobenzodimethylthioamide (XVII). From a solution of 2-methylthiobenzo- 
NS-dimethylthioamide (0-5 g.) in alcohol (15 c.c.) saturated with hydrogen sulphide and kept 
for 24 hours, 2-methylthiobenzomethylthioamide (XV) was isolated by addition of water and 
extraction with ether. 

2-Methylthiobenzomethylamidoxime (XXII).—2-Methylthiobenzo-N S-dimethylthioamide 
(0-95 g.) in alcohol (50 c.c.) was refluxed with hydroxylamine hydrochloride (1 g.) and anhydrous 
sodium acetate (1 g.) for 1} hours and kept over-night. The material which had separated 
crystallised from alcohol in white needles, m. p. 194° [Found: C, 55-1; H, 6-0 (Schoeller). 
C,H,,ON,S requires C, 55-1; H, 6-2%]. 

2-Methylthiobenzodimethylamide (XVIII).—Dry dimethylamine was passed through a solution 
of 2-methylthiobenzoy] chloride (from 8 g. of the acid) in carbon tetrachloride until absorption 
ceased. The solution was filtered, dried over sodium sulphate, and evaporated on the water- 
bath. The residual liquid was distilled under reduced pressure; b. p. 168—170°/10 mm. 
yield, 35% (Found : C, 61-3; H, 6-3. C,9H,,ONS requires C, 61-5; H, 6-7%). 

2-Methylthiobenzodimethylthioamide (XVII).—A solution of the foregoing amide (2 g.) in 
benzene (5 c.c.) and phosphorus pentasulphide (1 g.) was refluxed for 2 hours. The solution was 
decanted from the solid, filtered, and evaporated. The residual oil solidified on addition of a 
little alcohol. A further quantity of material was obtained by extraction of the solid left after 
decantation with alcohol, from which it was precipitated by addition of water. The thioamide 
crystallised from aqueous alcohol (50%) in yellow pilates, m. p. 83° (Found: C, 56-7; H, 5-8. 
C,9H,4,NS, requires C, 56-8; H, 6-2%). 

Action of Hydrogen Selenide on 2-Thio-1-methyl-1 : 2-dihydrobenzisothiazole (III or IV; R = 
Me).—(i) In alcohol. A solutign of the isothiazole (1 g.) in alcohol (100 c.c.) was saturated with 
hydrogen selenide, kept for 2 hours, and filtered. The filtrate was mixed with sodium hydroxide 
(5 g.) in water (50 c.c.) and shaken with methyl sulphate (5 c.c.); water (100 c.c.) was added 
after 10 minutes, and the resulting emulsion extracted with ether. The dried ethereal solution 
was evaporated, and the residue extracted with hydrochloric acid (2N). The acid extract when 
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basified gave 2-methylthiobenzo-N S-dimethylthioamide (XVI); yield, 60%. A small amount 
of material left after the hydrochloric acid extraction was 2-methylthiobenzodimethylthioamide 
(XVII), 

(ii) In ether. A solution of the isothiazole (1 g.) in dry ether (100 c.c.) was saturated with 
hydrogen selenide and filtered from precipitated selenium. An ethereal solution of diazo- 
methane (0-45 g. approximately) was added to the filtrate; a vigorous evolution of nitrogen 
occurred. The solution was evaporated to about 20 c.c., and light petroleum (b. p. 40—-60°) 
added. The material precipitated, after crystallisation from light petroleum, had m. p. 70——71° 
and gave no depression with 2-methylthiobenzomethy!thioamide (XV). 


The authors are indebted to Dr, L. A, Warren for preliminary work on the oxime derived 
from 2 ; 3-dithiosulphindene. 


Krnoc’s CoLLtEGE, LONDON. (Received, May 25th, 1936.] 





240. The Relative Directive Powers of Growps of the Forms RO and 
RR’N in Aromatic Substitution. Part X. The Nitration of 
4-tert.-Butoxyanisole and 4-isoPropoxyanisole. 

By LEonarD J. GOLDSWORTHY. 


In Parts III (Robinson and Smith, J., 1926, 392), VIII (Clarke, Robinson, and Smith, 
J., 1927, 2647), and IX (Smith, J., 1931, 251) the relative directive powers of alkoxy- 
groups in the quinol series were shown to be in the order C,,H,,0 (cetyloxy) > n-BuO > 
Pr*°O > EtO > MeO. The values of the relative directive powers of the tert.-butoxy- 
and the ésopropoxy-group have now been determined and found to be in accord with the 
theoretical principles discussed in Part IV (Allan, Oxford, Robinson, and Smith, J., 1926, 
401), the successive replacement of hydrogen atoms in the ethoxy-group by methyl groups 
being accompanied by successive large increases of directive power. For the purpose of 


comparison, these values are shown below, together with those of the other alkoxy-groups 
of the series : 


Since the products of the nitration of 4-tert.-butoxy- and 4-isopropoxy-anisole could not be 
induced to crystallise even at — 20°, their analysis was carried out by a chemical method in 
preference to the thermo-analytical method used in the previous investigations. The 
method chosen was suggested by the observation that 2 : 6-dinitro-4-methoxyphenol is 
formed in small amount during the nitration of 4-¢ert.-butoxyanisole, presumably by further 
nitration of 2-nitro-4-methoxyphenol resulting from ‘acid’ hydrolysis of the 3-nitro-4- 
tert.-butoxyanisole in the mixture of nitro-isomerides. It seemed probable that conditions 
might be found under which the ¢ert.-butyl group in each of the nitro-isomerides would be 
removed, whilst the methyl group would remain unaffected. The resulting mixture of 
isomeric nitro-4-methoxyphenols could then be separated owing to their great differences 
in solubility and steam-volatility, This expectation was realised, complete hydrolysis in 
the desired way being rapidly effected by concentrated hydrochloric acid in glacial acetic 
acid at room temperature. In an analogous manner the products of the nitration of 4- 
tsopropoxyanisole were found to undergo hydrolysis by the same reagents at 100°. There 
were indications that under these conditions hydrolysis of the methoxy-group in the o- 
position to the nitro-group took place to a slight extent, but this does not invalidate the 
calculation of the relative directive power based on the yield of 2-nitro-4-methoxyphenol. 
Although the values of the relative directive powers found in this way cannot be regarded 
as having the same degree of accuracy as those previously determined by the thermo- 
analytical method, they are sufficiently accurate to indicate unmistakably the positions. 
of the ¢ert.-butoxy- and the ssopropoxy-group relative to one another and to the other 
alkoxy-groups of the series. 
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EXPERIMENTAL. 


The glacial acetic acid used was purified by repeated crystallisation and had m. p. 16-5°. 
The propionic acid was a redistilled fraction, b. p. 136-5—138-0°/756 mm. The nitric acid had 
@ 1-42 and was colourless. 

4-tert.-Butoxyanisole.—This substance is of interest because no ¢ert.-butyl ether of a phenolic 
compound has hitherto been described. Its preparation in good yield was difficult owing to the 
ease with which the #ert.-butyl halides give isobutylene in the presence of alkalis, The usual 
methods for the preparation of aryl ethers were unsatisfactory, and methods involving the use of, 
e.g., dimethylamine and pyridine, by which certain aliphatic tert.-butyl ethers have been prepared, 
gave negative results. An attempt to prepare the substance by the method of Ullmann from 
p-bromoanisole was also unsuccessful. Eventually, the following method was adopted, by which 
the substance was obtained in 20% yield calculated on the quinol monomethyi ether employed. 
A mixture of the pure ether (39-6 g.), prepared as described in Part III (loc. cit.), tert-butyl 
bromide (46-0 g.), potassium carbonate (49-0 g.), and acetone (50 c.c.) was refluxed for 7 hours 
in an apparatus provided with a series of wash-bottles containing hydrobromic acid for absorption 
of the isobutylene evolved. The acetone was removed on the water-bath, and the residue 
after the addition of water was extracted with ether. Unchanged quinol monomethyl ether 
was extracted from the ethereal solution by shaking with potash. The ethereal solution after 
being dried gave on distillation 11-5 g. of a colourless oil, b. p. 112°/10 mm,, 220°/737 mm. 
(Found : C, 73-4; H, 9-0. C,,H,,O, requires C, 73-3; H, 8-9%). 

Nitvation of 4-tert.-Butoxyanisole.—4-tert.-Butoxyanisole (5-334 g.) was dissolved in 12-6 
c.c. of a mixture of propionic acid (20 c.c.) and acetic acid (80 c.c.).* To this solution, cooled to 
— 10° and stirred mechanically, a solution of nitric acid (2-67 g.; 1 mol.) in the same mixed 
solvent (6-3 c.c.) was added during 2 hours through a fine capillary tube. When about 
one-third of the nitric acid had been introduced, the yellow colour of the solution suddenly 
gave place to a reddish tint, and the temperature rose rapidly from — 10° to + §°; within a 
few minutes it fell to — 10°, at which value it was maintained during the rest of the nitration. 
After the whole of the nitric acid had been added, stirring was continued for 10 minutes, and then 
a further quantity of the acid (0-5 mol.) was introduced under the same conditions. The 
temperature was finally allowed to rise to 0° and maintained at this value for 10 minutes while 
stirring was continued. Ice-water (200 c.c.) was added, and the mixture extracted thrice with 


light petroleum (b. p. 40—60°; altogether 120 c.c.). A small quantity of yellow needle-shaped 
crystals, having a greenish tinge when observed under the microscope, separated pie | the 
§ 


extraction. These were filtered off, washed once with light petroleum, dried, and weighed 
(0-067 g.). After one crystallisation from light petroleum (b. p. 80—100°) they had m. p. 100— 
101°, and were identified as 2 : 6-dinitro-4-methoxyphenol (Found: C, 39-6; H, 2-8; N, 13-3. 
Cale. for C;,H,O,N,: C, 39-3; H, 2-8; N, 18-1%). Weselsky and Benedikt (Monaish., 1881, 2, 
370) give m. p. 102°. 

The light petroleum extract in the filtrate was separated and washed successively with 1% 
potassium hydroxide and water until the potash extracts were colourless. A further quantity 
(0-241 g.) of slightly impure 2 : 6-dinitro-4~-methoxyphenol (m. p. 100° after one crystallisation 
from light petroleum) was obtained by acidification of the potash extracts. The light petroleum 
was removed by drawing through the solution a slow stream of dry filtered air at 50—60° and 
finally by heating in a vacuum at 100° to constant weight (5-973 g.). Yield 89-6% (Found : 
N, 6-3. C,,H,,0,N requires N, 6-2%). 

Hydrolysis of the mixture of isomeric nitro-4-tert.-butoxyanisoles. Preliminary experiments 
had indicated that, under the conditions about to be described, hydrolysis is complete in about 
1 hour, and further, that 2-nitro-4-methoxyphenol (constituting about 70% of the mixture) 
is readily volatile in steam and sparingly soluble in water, whereas the 3-nitro-compound is 
practically non-volatile in steam and about 25 times as soluble in water as its isomeride, 
Accordingly, the mixture of nitrobutoxyanisoles (5-667 g.) was shaken at 16° with 34 c.c. each 
of concentrated hydrochloric acid and glacial acetic acid; orange-red crystals of 2-nitro-4- 
methoxyphenol separated almost immediately, but the mixture was left for 3 hours, and was 
then diluted with water to 500 c.c. and stirred mechanically for 2 hours. The crystals of 2- 
nitro-4-methoxyphenol were filtered off, washed with small quantities of water, and dried to 
constant weight (2-911 g.); they were quite pure and had m. p, 79—80°, unchanged by admixture 

* Dr. J. C. Smith, who suggested the use of a mixture of these acids for low-temperature nitrations, 
has informed the author that the proportion of nitro-isomerides formed in the low-temperature nitration 
of 4-ethoxyanisole is not affected by the addition of propionic acid to the acetic acid. 
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with an authentic specimen. The filtrate, containing the 3-nitro-4-methoxyphenol and a little 
of the 2-nitro-isomeride, was neutralised with potassium carbonate, and extracted with ether 
until the extracts were practically colourless. The ether was removed, the residue steam- 
distilled, and the 2-nitro-4-methoxyphenol in the distillate taken up with ether. The ethereal 
solution yielded 0-232 g. of impure crystals, from which 0-069 g. of the pure substance was 
obtained on crystallisation from light petroleum. A further small quantity (0-035 g.) of less 
pure material (m. p. 70—74°) separated on concentrating the mother-liquor. The residue in 
the steam-distillation flask on extraction with ether gave crystals of the yellow 3-nitro-4- 
methoxyphenol; these were triturated with a few c.c. of light petroleum, filtered off, dried to 
constant weight (1-083 g.) ina vacuum, and then had m. p. 97—98°, unchanged by admixture 
with an authentic specimen. 

Calculation of the value of the directive power of the tert.-butoxy-group relative to the methoxy- 
group (100). 5-667 G. of mixed nitro-4-/ert.-butoxyanisoles yielded : 2-Nitro-4-methoxyphenol, 
> 2-911 + 0-069 < 2-911 + 0-232 g.; mean 3-061 g. = 4-075 g. 3-nitro-4-tert.-butoxyanisole. 
3-Nitro-4-methoxyphenol, 1-083 g. = 1-442 g. 2-nitro-4-/ert.-butoxyanisole. The total weight 
of nitro-4-tert.-butoxyanisoles thus accounted for is 5-517 g., i.e., 97:3%. 

The following calculation of the value of the directive power is based on the very probable 
assumption that under the conditions of the nitration the yield of nitro-4-tert.-butoxyanisoles 
would have been 100% if there had been no hydrolysis. 

Since 2 : 6-dinitro-4-methoxyphenol was the only isolable by-product, it would appear that 
the #ert.-butoxy-group in the o-position to the nitro-group alone suffered hydrolysis. This 
necessitates the addition in the calculation of 5-667 x (100 — 89-6)/100 = 0-658 g. to the weight 
of 3-nitro-4-/ert.-butoxyanisole, the directive power + then being given by the equation 7/100 = 
(4-075 + 0-658) /1-442, whence + = 328. Even if the calculation is based on the amounts of 
the two nitro-4-methoxyphenols actually isolated, the value of x is as high as 283. 

4-isoPropoxyanisole.—This compound was prepared by refluxing a mixture of pure quinol 
monomethyl ether (15-6 g.), potash (6-8 g.), isopropyl iodide (20-4 g.), and methyl alcohol (100 
c.c.) for 6 hours, a further quantity of isopropyl iodide (10 g.) being added after 3 hours. The 
reaction mixture gave, by the usual procedure, 11-6 g. of a colourless oil, b. p. 103°/12 mm., 
223°/751-5 mm. (Found: C, 72-6; H, 8-5. Cj 9H,,O, requires C, 72-3; H, 8-4%), representing 
a yield of 54% calculated on the quinol monomethyl ether employed. 

Nitration of 4-isoPropoxyanisole,—The anisole (7-081 g.) was dissolved in a mixture of glacial 
acetic acid (15 c.c.) and propionic acid (2-5 c.c.) and the solution cooled to 5°. Nitric acid (3-85 
g.; 1 mol.) in acetic acid (7-5 c.c.) was added as before, and soon after nitration began, the 
mixture could be cooled to 0° without causing crystallisation of the solvent. The colour of the 
solution remained yellow throughout. After the whole of the nitric acid had been added, 
stirring was continued for 10 minutes, and then a further quantity of the acid (0-5 mol.) was added 
under the same conditions. The rest of the procedure was precisely similar to that employed 
in the nitration of 4-éert.-butoxyanisole. Yield of nitro-4-isopropoxyanisoles: 8-909 g., i.¢., 
99-0% (Found: N, 6-6. Cj 9H,,;0,N requires N, 6-6%). 

Hydrolysis of the mixture of isomeric nitro-4-isopropoxyanisoles. The mixture (8-730 g.) was 
heated on the water-bath with concentrated hydrochloric acid (53 c.c.) and glacial acetic acid 
(80 c.c.) for 10 hours, preliminary experiments having indicated that hydrolysis under these 
conditions is practically completed in less than 6 hours. Crystals of 2-nitro-4-methoxyphenol 
separated on allowing the solution to cool and stand over-night. This isomeride, separated 
as before but with dilution to 700 c.c., weighed 4-523 g. and was quite pure, m. p. and mixed 
m. p. 78—79°. A further quantity (0-435 g.) of impure 2-nitro-4-methoxyphenol, extracted 
from the distillate in the steam-distillation, gave 0-252 g. of pure substance on crystallisation 
from light petroleum. 3-Nitro-4-methoxyphenol could not be separated as quantitatively as 
in the preceding experiment, probably owing to slight contamination with products resulting 
from the partial hydrolysis of the methoxy-group ortho to the nitro-group. 

Calculation of the value of the directive power of the isopropoxy-group relative to the methoxy- 
group (100). 8-730 G. of mixed nitro-4-isopropoxyanisoles afforded > 4-523 + 0-252 and 
< 4-523 + 0-435 g. of 2-nitro-4-methoxyphenol; mean 4-866 g. = 6-074 g. of 3-nitro-4-iso- 
propoxyanisole, whence */100 = 6-074/(8-730 — 6-074) or + = 229. 


The author thanks Professor R. Robinson for suggesting this work and for his advice and 
interest in its execution, and Dr. J. C. Smith for some valuable suggestions. 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, May 28th, 1936.] 
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241. The Preparation of Certain 2: 3-Naphthalene Derivatives. 
By HERBERT H. Hopcson and REGINALD L. ELLIOTT. 


2:3-NAPHTHALENE derivatives are still generally inaccessible, and the present paper 
records an investigation for the facile production of the 2 : 3-halogenonitronaphthalenes 
from which a large number of 2 : 3-substituted naphthalenes might ¥e obtained. 

In a previous investigation (Hodgson and Elliott, J., 1935, 1850) 2-halogeno-NN’- 
diacetyl-1 : 4-naphthylenediamines had been prepared in over 90% yields, and it was 
expected that subsequent nitration would occur in the 3-position; actually, however, the 
halogen was displaced by the nitro-group whether the reagent was diacetyl orthonitric acid 
or nitric acid. The ease of replacement was in the order I > Cl> Br, and prolonged 
reaction gave 2 : 3-dinitro-NN’-diacetyl-1 : 4-naphthylenediamine in each case; that nitra- 
tion was entirely homonuclear was established by the oxidation of each product to phthalic 
acid and never to a derivative of it. Further evidence was obtained by acid hydrolysis 
of the 2-nitro-NN’-diacetyl-1 : 4-naphthylenediamine to 2-nitro-1 : 4-naphthylenediamine, 
which, by the usual diazotisation—deamination procedure, gave 2-nitro-l-naphthylamine, 
thereby showing that only the 4-amino-group had reacted under the conditions employed ; 
2-nitro-1 : 4-naphthylenediamine therefore reacts with nitrous acid in the same way as 
its phenyl analogue, 

2-Nitro-NN’-diacetyl-1 : 4-naphthylenediamine is readily soluble in hot aqueous caustic 
alkalis and is precipitated unchanged by acids, although it is slowly decomposed by pro- 
longed boiling of the solution. In contrast, 2 : 3-dinitro-NN’-diacetyl-1 ; 4-naphthylene- 
diamine is readily converted by hot alkalis into 2 : 3-dinttro-1 : 4-dihydroxynaphthalene, 
whereas boiling alcoholic sulphuric acid hydrolyses both products to 2-nitro- and 2: 3- 
dinitro-1 : 4-naphthylenediamine respectively. 

The above 2-nitro- and 2: 3-dinitro-NN’-diacetyl-1 : 4-naphthylenediamines were 
easily reduced by the standard alcoholic stannous chloride-hydrochloric acid procedure 
(Hodgson and Elliott, loc. cit.) to give tindouble salts, but subsequent attempts at hydrolysis 
were attended by complications and no free amine has yet been isolated, although by 
boiling the solution of the hydrolysed product from the initial 2-nitro-compound with acetic 
anhydride, 1 : 2 : 4-triacetamidonaphthalene has been obtained (m. p. above 400°) (Found : 
N, 14:2. Calc.: N, 14-05%). 

Nitration of the isomeric 4-halogeno-N N’-diacetyl-1 : 2-naphthylenediamines occurred 
in the 3-position with the chloro- and bromo-compounds, but in the 4-position, with 
replacement of iodine by the nitro-group, in the iodo-analogue. 

An important experimental result for the success of this investigation was the almost 
exclusive nitration of the 3-halogeno-aceto-l-naphthalides in the 2-position by both 
diacetyl orthonitric acid and concentrated nitric acid (d 1-42). This reaction was to be 
anticipated on theoretical grounds, and is also in harmony with the coupling of diazonium 
salts at the 2- and 7-positions in H-acid, and not at the 4- and 5-carbon atoms which are 
deactivated by the 3- and the 6-sulphonic acid group respectively. 

The absence of 4-nitro-products was established by dissolution of the mononitrated 
halogeno-compounds in hot alcohol, addition of caustic soda to retain in solution any 
naphthols which had been formed by secondary decompositions (none detected), reprecipit- 
ation of the nitro-products by dilution with water, removal of any free amine from the 
latter by treatment of the precipitate with excess of nitrous acid, and final hydrolysis to 
a 3-halogeno-2-nitro-l-naphthylamine, which was deaminated to give a 3-halogeno- 
2-nitronaphthalene different from the isomeric 1 : 2-, 2: 1-, 1 : 3-, and 3 : 1-halogenonitro- 
naphthalenes, The original 3-halogeno-2-nitroaceto-l-naphthalides and the re-acetylated 
3-halogeno-2-nitro-l-naphthylamines differed from the isomeric 2-halogeno-4-nitroaceto- 
l-naphthalides. If the nitration temperatures of the 3-halogenoaceto-l-naphthalides 
rise above 30°, halogen is eliminated and 2 : 3-dinitroaceto-1-naphthalide obtained. During 
the alcoholic deamination of the 3-halogeno-2-nitro-l-naphthylamines to form the 3- 
halogeno-2-nitronaphthalenes, the temperature of diazotisation must be kept below 20°, 
otherwise complex azo-products are formed reminiscent of the deep purple powder obtained 
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by the attempted diazotisation of 2-chloro-1 : 4-naphthylenediamine (Hodgson and Elliott, 
loc. cit.). 

3-Iodo-2-nitroacet-1-naphthalide exhibits certain differences from its chloro- and bromo- 
analogues in that it melts considerably higher, and is hydrolysed by alcoholic sulphuric 
acid with much greater difficulty, requiring 10} hours under conditions which hydrolyse 
the bromo- and the chloro-compound in 14 and 5—6 hours, respectively. 


EXPERIMENTAL. 


Nitration of 2-Iodo-NN’-diacetyl-1 : 4-naphthylenediamine.—The finely powdered substance 
(10 g.) was added rapidly with vigorous stirring to a mixture of nitric acid (70-4 c.c.; d 1-42) 
and water (100 c.c.); the temperature rose to 40° and complete dissolution (yellow-brown) 
ensued. After about 2 minutes, a copious separation of very pale yellow feathery crystals of 
2-nitro-N N’-diacetyl-1 : 4-naphthylenediamine occurred, and the mixture was then poured 
into cold water (1 1.), the precipitate filtered off, washed with cold water, dried (crude m. p. 
293°), and recrystallised from alcohol or, preferably, glacial acetic acid; m. p. and mixed m. p. 
with authentic specimen, 309° (lit. 295°) (Found: N, 14-7. Calc.: N, 14-6%). The displaced 
iodine was found in the filtrate as iodic acid. From the three analogues of the 2-halogeno- 
NN’-diacetyl-1 : 4-naphthylenediamine, chlorine was displaced initially by 44-4% nitric acid, 
bromine by 49%, and iodine by 42% acid. 

2-Nitro-1 : 4-naphthylenediamine.—The above diacetyl compound (8 g.) was refluxed with a 
mixture of 50% aqueous sulphuric acid (60 c.c.) and alcohol (80 c.c.) until complete dissolution 
had occurred (about 1 hour); the solution was allowed to caol, the brown deposit filtered off 
(crude m. p. 213°), redissolved in glacial acetic acid (3 g. per 10 c.c.), 1 c.c. of concentrated 
hydrochloric acid added, and the monohydrochloride, which then crystallised out, basified by 
trituration with water. The 2-nitro-1 : 4-naphthylenediamine thus obtained crystallised from 
glacial acetic acid in deep yellow needles, m. p, 241° (Found; N, 20-9. C,,H,O,N; requires 
N, 20-7%). 

2 : 3-Dinitro-NN'-diacetyl-1 : 4-naphthylenediamine.—(a) Any of the 2-halogeno-NN’-di- 
acetyl-1 : 4-naphthylenediamines (5 g,) was added to externally ice-cooled and vigorously stirred 
diacetyl orthonitric acid (30 ¢,c.); dissolution occurred (deep-brown) during a somewhat violent 
reaction, and the temperature was then raised to 60°, the mixture kept for 24 hours at room 
temperature, and the resulting precipitate of 2 ; 3-dinitvo-NN’-diacetyl-1 ; 4-naphthylenediamine 
recrystallised from nitrobenzene, separating in deep yellow micro-crystals, m. p. above 360° 
(Found: N, 17-1. C,H ,0,N, requires N, 16-9%). 

(b) The above 2-nitro-compound (10 g.) was added with stirring to nitric acid (60 c.c.; 
d 1-42), the mixture gradually heated to and kept at 50° (above which there was a brisk evolution 
of nitrous fumes and considerable oxidation, see below) for 10 minutes, then stirred into 500 c.c. 
of ice-water. The precipitated 2: 3-dinitro-compound was filtered off and treated as above. 

Reduction of 2-Nitro- and of 2: 3-Dinitro-NN’-diacetyl-1 : 4-naphthylenediamine—By the 
standard procedure (Hodgson and Elliott, Joc. cit.) these compounds gave the stannichlorides of 
2-amino- [Found: Cl, 24:9. (C,,H,,O,N;),SnCl, requires Cl, 25:1%], and 2: 3-diamino-NN’- 
diacetyl-1 : 4-naphthylenediamine [Found: Cl, 35-0. (C,,H,,0,N,)SnCl, requires Cl, 35-2%], 
which formed respectively silvery and colourless needles. 

2:3-Dinitro-1:4- dihydroxynaphthalene.—2 ; 3 - Dinitro- NN’ - diacetyl- 1 : 4-naphthylene- 
diamine (5 g.) was boiled for 30 minutes with 20% aqueous sodium hydroxide (100 c.c.); 
complete dissolution occurred with evolution of ammonia, and, after careful acidification 
with hydrochloric acid, a brown gelatinous precipitate of 2 : 3-dinitra-1 : 4-dihydroxynaphthalene 
was obtained, which crystallised from alcohol in yellow needles, m, p. 357° (Found: N, 11-3. 
C,,H,O,N, requires N, 11-2%). Treatment of this product (0-3 g.) with 20% aqueous sodium 
hydroxide (100 c.c.) and methyl sulphate (10 c.c.) at 60° for 30 minutes gave deep red nodules of 
2 : 3-dinitro-1 : 4-dimethoxynaphthalene, which crystallised from nitrobenzene in red micro- 
crystals, m. p. 190° (Found: N, 10-2. C,,H,.O,N, requires N, 10-1%). 

2 : 3-Dinitro-1 : 4-naphthylenediamine.—The diacetyl compound above (5 g.) was refluxed 
for 90 minutes with 70% sulphuric acid (100 c.c.) and alcohol (35 c.¢.); dissolution occurred, 
and, on pouring into water, deep brown crude 2 : 3-dinitvo-1 : 4-naphthylenediamine was formed, 
which separated from glacial acetic acid in brown crystals, m. p. 207° (Found: N, 22-8. 
C,)H,O,N, requires N, 22-6%). 

Nitration of 4-Chloro-NN'-diacetyl-1 : 2-naphthylenediamine.—The finely powdered substance 
(3 g.) was added to nitric acid (30 c.c.; d@ 1-42), immediate dissolution occurring, with gradual 
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rise of temperature to 40° during 30 minutes; after a further hour, the 4-chloro-3-nitro-NN’- 
diacetyl-1 : 2-naphthylenediamine separated in colourless micro-crystals, m. p. 208° (Found : 
Cl, 10-9. C,,H,,0,N,Cl requires Cl, 110%), which on oxidation with alkaline permanganate 
gave phthalic acid. Obtained in like manner, the 4-bromo-analogue also forms colourless micro- 
crystals, m. p. 195° (Found: Br, 21-7. C,,H,,0,N,Br requires Br, 21-9%). 

Nitration of 4-Iodo-NN’-diacetyl-1 : 2-naphihylenediamine.—A temperature of 60—70° was 
required for dissolution of the product (2 g.) in nitric acid (50 c.c.; @ 1-42), and no reaction oc- 
curred below 90—95°. After 5 minutes at this temperature, the mixture was poured into water, 
and the 4-mitro-NN’-diacetyl-1 : 2-naphthylenediamine filtered off; it separated from alcohol in 
deep yellow crystals, m. p. 124° (Found: N, 14-7. C,,H,,0,N, requires N, 14-6%). 


The 3-Halogeno-2-nitroaceto-1-naphthalides. 


Nitration of 3-Chloroaceto-1-naphthalide.—(a) By diacetyl orthonitric acid. The finely pow- 
dered substance (10 g.) was stirred into the acid (50 c.c.); dissolution occurred with rise of 
temperature, and after 24 hours, a precipitate of red needles was obtained (m. p. 219°) which 
consisted almost entirely (see p. 1151) of 3-chloro-2-nitroaceto-1-naphthalide. 

(b) By concentrated nitric acid. 10 G., as above, were stirred into nitric acid (100 c.c.; 
d 1-42), the mixture was kept for 1 hour below 30°, and then stirred into cold water (1 1.); the 
resulting 3-chloro-2-nitroaceto-1-naphthalide separated from glacial acetic acid in bright brick-red 
micro-crystals, m. p. 225° (Found: Cl, 13-35. C,,H,O,N,Cl requires Cl, 13-4%), identical 
with the product from (a). 

3-Chloro-2-nitro-1-naphthylamine is best prepared by refluxing the acetylated derivative 
above (20 g.) for 5 hours with a mixture of 50% aqueous sulphuric acid (150 c.c.) and alcohol 
(150 c.c.); on cooling, the amine separates in deep chrome-yellow needles, m. p. 149° (Found : 
Cl, 15:9. C,,H,O,N,Cl requires Cl, 160%); the hydrochloride is formed when the glacial 
acetic acid solution of the amine (1 g. in 20 c.c.) is treated with concentrated hydrochloric acid 
(1 c.c.), and separates in colourless crystals which are readily hydrolysed in air (more rapidly 
in water) to the amine. 

If the nitration with nitric acid (b) be conducted above 30°, halogen tends to be eliminated 
with formation of 2: 3-dinitroaceto-l-naphthalide, a replacement which is complete at 85— 
90°; this product separates from glacial acetic acid in cream-yellow plates, m. p. 275-5° (Found : 
N, 15-5. C,,H,O;N; requires N, 153%). 

3-Bromo-2-nitroaceto-1-naphthalide, prepared by methods analogous to (a) or (b), crystallised 
from glacial acetic acid in colourless needles, m. p. 235° (Found: Br, 25-7. C,,H,O,N,Br 
requires Br, 25-9%). Alcoholic acid hydrolysis afforded the base, which crystallised from alcohol 
in deep chrome needles, m. p. 166° (Found: Br, 29-7. C,H,O,N,Br requires Br, 30-0%). 

3-Iodo-2-nitroaceto-1-naphthalide crystallised from glacial acetic acid in colourless, feathery 
needles, m. p. 298° (Found: I, 35-6. (C,,H,O,N,I requires I, 35-7%); when it (3 g.) was 
refluxed for 10} hours with a mixture of 50% sulphuric acid (40c.c.) and alcohol (30 c.c.), it never 
went into complete solution but was gradually hydrolysed into red-brown crystals of the base, 
which crystallised from glacial acetic acid in red-brown needles, m. p. 250° (Found: I, 40-3. 
Ci»H,O,N,I requires I, 40-4%). 


The 3-Halogeno-2-nitronaphthalenes. 


3-Chloro-2-nitronaphthalene.—A solution of 3-chloro-2-nitro-1-naphthylamine (5 g.) in glacial 
acetic acid (30 c.c.) was added carefully to a cooled solution of sodium nitrite (15 g.) in concen- 
trated sulphuric acid (100 c.c.), the temperature being kept below 20°; the mixture was then 
poured into alcohol (300 c.c.) and heated for 1 hour on the water-bath. The solid precipitate 
was filtered off and washed with water, the crude 3-chloro-2-nitronaphthalene crystallising from 
alcohol in brownish needles, m. p. 79°, which deepen in colour on keeping and are volatile in 
steam (0-4 g. per 1.; cf. 2 g. per 1. for more stable 2-chloro-1-nitronaphthalene), m. p. 94-5° 
(Found: Cl, 16-9. C,.H,O,NCI requires Cl, 17-1%). When the diazotisation was carried out 
at 35°, the water-washed precipitate contained maroon feathery needles, m. p. 145° (Found : 
Cl, 94%), which dissolved in concentrated sulphiiric acid to give a deep purple fluorescent 
. Solution indicative of an azo-dye due to auto-coupling. 

3-Bromo-2-nitronaphthalene, prepared like the chloro-analogue and with the same precaution 
with regard to temperature, crystallised from alcohol in brown needles, m. p. 84° (Vesel¥ and 
Chudozilov, Chem. Listy, 1925, 19, 260, give m. p. 82—83°) (Found: Br, 31-7. Calc.: Br, 
31-7%), which darken considerably on keeping. 
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3-lodo-2-nitronaphthalene, prepared as above, crystallised from 91% formic acid in cream- 
coloured needles, m. p. 105° (Cumming and Howie, J., 1931, 3178, give m. p. 89—89-5°) (Found : 
I, 42-3. Calc.: I, 42-5%), which rapidly turn brown and are inappreciably volatile in steam. 
If the diazotisation be carried out at 30°, a deep purple powder (m. p. 165°) results, which gives 
a deep purple colour with concentrated sulphuric acid. 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 
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242. The Mechanism of the N-Halogenoacylanilide Rearrangements. 


By R. P. BELL. 


THE various possibilities involved in the rearrangement of a N-halogenoacylanilide in 
presence of the corresponding halogen acid may be summarised in the following scheme : 


(a) A (b) 
C,H;-N-COR + HX == C,H;*NH’COR + X, 
X 
© 2 


C,H,X:NH-COR + HX 


Reaction B is a nuclear halogenation, and reaction C a migration of halogen catalysed by 
the acid HX. In the case of the rearrangement of N-chloroacetanilide in water or dilute 
acetic acid there is good evidence that the mechanism involves reaction A followed by B, 
the first step being slow and determining the net rate of the reaction (for a summary of 
the chief evidence, see Orton, Soper, and Williams, J., 1928, 998). The much slower change 
in aqueous acid solutions not originally containing halogen acid can be reasonably attrib- 
uted to the same mechanism, halogen acid being first formed by hydrolysis. It was, 
however, shown by Orton and Jones (Brit. Assoc. Rep., 1910, 85; J., 1909, 95, 1456) that 
in acetic acid of 60°% or higher concentration the reversible reaction A is fast compared 
with the rate of formation of p-chloroacetanilide. Under these conditions systems (a) 
and (b) will be in equilibrium, and it is hence impossible to decide from kinetic data whether 
the reaction velocity measured is that of the intramolecular rearrangement C or the nuclear 
halogenation B. The allied migrations of the N-nitroamines and the benzidine rearrange- 
ment appear to take place intramolecularly (see Ingold and Kidd, J., 1933, 984) and it is 
therefore of interest to discover whether the migration of halogen can ever take place 
without the intervention of free halogenating agent. 

It has been shown in previous papers (Bell, Proc. Roy. Soc., 1934, A, 148, 377; Bell 
and Levinge, ibid., 1935, 151, 211) that the rearrangement N-bromoacetanilide —> - 
bromoacetanilide is catalysed by carboxylic acids and phenols in a number of non-dis- 
sociating solvents. With this type of catalyst it is difficult to see how either bromine or 
hydrogen bromide could be formed in the absence of water. Hoyever, since the solutions 
used sometimes showed a yellow colour resembling that of bromine, attempts were made 
to detect the presence of free bromine in chlorobenzene solutions undergoing rearrangement. 
The velocity of the reaction between bromine and acetanilide in chlorobenzene solution 
was also measured. No free bromine was detected in the first experiment, and the maximum 
amount which could have escaped detection is quite inadequate to account for the observed 
rate of formation of p-bromoacetanilide. This result indicates strongly that the migration 
is intramolecular under these conditions. 

Some experiments were also carried out with hydrogen bromide as a catalyst in chloro- 
benzene solution. The equilibrium A is set up instantaneously and results in almost 
complete formation of acetanilide and free bromine. (This agrees with the results of Orton 
and Jones, loc. cit., for solutions in acetic acid, chloroform, and carbon tetrachloride.) It 
is hence impossible to decide whether the formation of p-bromoacetanilide in this system 
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is due to a catalysed intramolecular migration or to nuclear bromination. The undis- 
sociated hydrogen bromide molecule is a very strong acid (much stronger that the hydrogen 
ion to which it gives rise in aqueous solution), and in view of the catalytic effect of phenolic 
and carboxylic acids in general, it would be expected to be a powerful catalyst. The 
observed reaction velocity is much less than with an equivalent concentration of trichloro- 
acetic acid, but this is consistent with the fact that the actual concentrations of hydrogen 
bromide and N-bromoacetanilide in the solution are very low. 

The rearrangement of the allied N-iodoformanilide has been studied in this laboratory 
by Mr. J. F. Brown (to be published shortly), and has also been found to be catalysed by 
carboxylic acids in inert solvents. In this reaction a small amount of free iodine (detected 
colorimetrically) is often formed, but its quantity is very variable and its presence has little 
or no effect on the rate of production of p-iodoformanilide. The reaction between iodine 
and formanilide is in any case much too slow to provide a possible reaction mechanism, 
and a direct intramolecular migration again seems probable. The production of iodine is 
probably due to the side reaction 2C,H;*NI-CHO —~> C,H,;*N(CHO)-N(CHO)-C,H; + 
I,. Under the same conditions of catalyst and temperature, N-iodoformanilide rearranges 
about 500 times as fast as N-bromoacetanilide. A similar decrease in reaction velocity 
in passing from N-bromo- to N-chloro-acetanilide would account for the fact that the 
rearrangement of the latter does not appear to be catalysed by trichloroacetic acid in inert 
solvents at ordinary temperatures (cf. Bell, oc. cit.). 

The available information as to the mechanism of this type of reaction may hence be 
summed up as follows : 


(1) In aqueous hydrochloric acid the rearrangement of N-chloroacetanilide takes place 
chiefly through the chlorination of acetanilide by free chlorine, and its rate is determined 
by the rate of formation of these substances. 

(2) With N-chloro- or -bromo-acetanilide and hydrogen chloride or bromide in a number 
of organic solvents, the equilibrium A is instantaneous. It is therefore impossible to decide 
whether the rearrangement takes place by the above mechanism or by an acid-catalysed 
intramolecular migration. 

(3) The rearrangement of N-bromoacetanilide and of N-iodoformanilide is catalysed 
by carboxylic and phenolic acids in non-dissociating solvents, free halogen playing no part 
in the process. Under these conditions there is probably intramolecular migration of 
halogen. 

EXPERIMENTAL. 


Materials.—Chlorobenzene, trichloroacetic acid, and N-bromoacetanilide were obtained as 
described by Bell and Levinge (/oc. cit.). The last substance was immediately dissolved in 
chlorobenzene to give a stock solution about M/10, which was kept in a desiccator in the dark. 
Hydrogen bromide was prepared from phosphorus, bromine, and water, freed from bromine 
by passing through moist red phosphorus, and dried with phosphoric oxide. 

Test for Free Bromine in Catalysis by Trichloroacetic Acid.—All experiments were carried out 
at room temperature (about 15°) with M/50-bromoacetanilide and M/2-trichloroacetic acid: in 
these circumstances the time of half change is about 2 hours (cf. Bell, Joc. cit.). The reaction 
took place in a vessel covered with tin foil, and a current of air dried with phosphoric oxide passed 
first through the reacting solution and then through an absorption vessel containing potassium 
iodide solution acidified with a little acetic acid. Any iodine formed was titrated with N/100- 
thiosulphate (micro-burette). By means of a parallel experiment with N/20-bromine in chloro- 
benzene, the partition coefficient of bromine between the solution and the gas phase was found 
to be about 4 x 10° under the conditions of experiment. It is thus possible to calculate the 
average concentration of free bromine in the reacting solution. The following results were 


obtained : 


(b) (c) (4) 
27 20 10 
15 0°8 
Bromine concn. in reacting mixture <10> 5x 10° <10°5 <1lo* 


In experiment (e), 1 c.c. of chlorobenzene saturated with water was added before passage of air. 
The small amount of bromine found in (b) is hence probably due to hydrolysis by an accidental 


Pp 
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trace of moisture. A concentration of < 10° indicates that there was not enough iodine 
liberated to give a colour with starch. 

Rate of Bromination of Acetanilide.—Solutions of bromine and acetanilide in chlorobenzene 
were mixed at room temperature and 2 c.c, samples estimated at intervals by running into 
potassium iodide and titrating the liberated iodine. The reaction is roughly unimolecular 
with respect to each reactant. The following are the data for a typical experiment : 

Acetanilide M/50, bromine M/70; 2 c.c. titrated with N/100-Na,S,0,. 


Time (mins.) .....ccccccceeees 0 10 30 40 60 15 300 
THD BAB xcossckdovernsbepeen 1°54 1-44 1-02 0-95 0-82 0°76 0°33 


It is clear that the very small concentrations of bromine present in the first experiment could not 
react fast enough to account for the observed rate of formation of p-bromoacetanilide. 

Interaction of N-Bromoacetanilide and Hydrogen Bromide.—On mixing chlorobenzene solutions 
of these two substances a brown colour resembling bromine is produced immediately. The light 
absorption of these solutions was measured quantitatively by comparison with standard solutions 
of potassium dichromate in an immersion colorimeter, monochromatic light from a mercury 
arc being used. The absorption of a solution containing hydrogen bromide and N-bromo- 
acetanilide was found to be identical with that of a bromine solution equivalent to the component 
not present in excess. Similarly, the absorption of a solution of bromine was found to be 
unaffected by the addition of acetanilide. Finally, the rate of disappearance of oxidising power 
in a solution prepared from equivalent quantities of hydrogen bromide and N-bromoacetanilide 
is the same as in a solution prepared from equivalent amounts of bromine and acetanilide. These 
facts taken together establish the fact that the equilibrium C,H,*NBreCO-CH, + HBr — 
C,H,*NH°CO-CH, + Br, is set up very rapidly and strongly favours the products on the right- 
hand side of the equation. 


PuysicaAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OxFoRD. [Received, June 165th, 1936.) 





243. Studies of Rotatory Dispersion. Part XXIX. Absorption and 
Circular Dichroism of Camphorquinone. 


By T. Martin Lowry and (Miss) D. M. Stmpson. 


THE optical properties of camphorquinone are of interest intrinsically, as well as on account 
of their close connection with the parent substance, camphor. These properties have © 
already been investigated in some detail The rotatory dispersion was studied in benzene 
and in methyl alcohol by Lifschitz (Z. physthkal. Chem., 1923, 105, 27), who followed the 
curve as far as the first maximum in the region of absorption. Solutions in toluene were 
investigated by Wedeneewa (Amn. Physik, 1923, 72, 122), who plotted both maxima, and 
by Pfleiderer (Z. Physik, 1926, 89, 663), who measured the magnetic as well as the optical 
rotatory dispersion. Lowry and Cutter (J., 1925, 127, 614; see also Lowry and Richards, 
J., 1924, 125, 2511) determined the rotatory dispersion at long wave-lengths in benzene, 
and Lowry and Gore (Proc. Roy. Soc., 1932, A, 185, 22) followed the curve right through the 
absorption band both in cyclohexane and in the vapour state. 

The absorption (Stewart and Baly, J., 1906, 89, 496) was investigated in solution by 
Wedeneewa (loc. cit.), and by Lowry and French (J., 1924, 125, 1921), who found optical 
evidence of two types of conjugation in the contrast between camphorquinone and methy]l- 
enecamphor. It was examined in the vapour state by Purvis (J., 1923, 123, 2518); and 
Lowry and Gore (Joc. cit.) studied it both in cyclohexane and in the vapour. 

The only measurements of circular dichroism are those of Wedeneewa (loc. cit.); but 
her results do not appear to be of great precision, in part because the number of readings 
was too small, especially in the neighbourhood of the maximum. The curve which she 
plotted persists throughout the visible absorption band, but is very unsymmetrical, being 
much steeper on the side of longer wave-lengths. The maximum is shown as a sharp 
point, which is displaced from 4700 to 4900 A. with respect to the rounded maximum of 
visible absorption. Since great improvements have been made in the set-up of apparatus 





Studies of Rotatory Dispersion. Part XXIX. 1157 


for the measurement of circular dichroism, it was of interest to reinvestigate the form of this 
curve for camphorquinone; at the same time the absorption curve was redetermined, in 
order to ensure that the data should be strictly comparable in every respect with those for 
the circular dichroism of the solutions. In each case the solvent used was cyclohexane. 

1. Absorption.—The absorption curve (a) (see figure) is very similar to that of Lowry 
and Gore, whose readings are shown by black dots. The wave-length of the maximum at 
4780 A. in the blue region of the spectrum is identical with that of Lowry and Gore, but it is 
substantially greater than that given by Wedeneewa (4700 A.); its intensity « = 38-8 is 
about 1% less than the value, « = 39-2, deduced by Lowry and Gore from points rather 
more remote from the maximum. The absorption curve falls steeply on the side of longer 
wave-lengths, and less steeply on the side of shorter wave-lengths, but it does not show the 
small anomaly recorded by Wedeneewa. In the ultra-violet, the absorption is negligible 
from 3800 to 3400 A., but it then rises steeply, especially beyond 2400 A. A “step-out ” 
recorded by Lowry and Gore in the range from 2900 to 2500 A. is now shown, by a fuller 
series of observations, to include an absorption band with a maximum, ¢ = 23 at 2650 A., 
followed by a shallow minimum ¢« = 20 at 2550 A. The “ persistence ”’ of this band, log 
Emax. — 108 Emin, = 0-06 approximately, is very small when compared with that of the band 
in the visible, which has a persistence in the same units of about 1-6, but there can be no 
doubt of its real existence, since all the points plotted by Lowry and Gore fall on the con- 
tinuous loop of curve (a). 


Circular dichroism. Absorption 





20 














0 a r. } : ae y 0 
5000 ~—«GS« 0 A. 

A. A. 
Absorption and circular dichroism of camphorquinone. (a) Absorption. ({b) Circular dichroism. 


(c) Optically active absorption band (calc.). (d) and (e) Residual absorption bands. (g) Dissymmetry 
factor. 








2. Circular Dichroism.—The curve (6) of circular dichroism differs in almost every 
respect from that of Wedeneewa. Thus: (i) The maximum, ¢, — ¢ = 1-95 at 4700 A., 
is smoothly rounded instead of being sharp. (ii) Its wave-length, instead of being displaced 
from 4700 to 4900 A., is shifted slightly in the opposite direction from the maximum of 
absorption, from 4780 to 4700 A. (iii) The curve of circular dichroism is steeper on the 
side of longer wave-lengths, but is much less unsymmetrical than that of Wedeneewa. 
Moreover, it does not flatten out as it approaches the axis on the side of shorter wave-lengths, 
but falls instead rather precipitately, as if a reversal of sign were impending. Attempts 
to detect circular dichroism in the range from 2965 to 4200 A., however, gave only negative 
results, so that this reversal could not in fact be observed. 

3. Dissymmetry Factor—The dissymmetry factor, g = (ce, — %)/e [curve (g)], rises 
progressively in the centre of the band from 4900 to 4300 A., in approximate proportion 
to the frequency, as is required by theory for a band which includes only one component ; 

4E 
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but it falls off on either side as the absorption becomes more feeble. This conclusion was 
established with some difficulty, since the circular dichroism was not at all easy to measure 
on the side of longer wave-lengths, on account of the fewness and weakness of the lines 
available in this region. Under these conditions, the readings of circular dichroism tended 
to extend to longer wave-lengths than the readings of absorption, and the dissymmetry 
factor rose abruptly as the absorption became small. The absorption curve was therefore 
checked by reading lines of the cadmium and the copper arc, and the circular dichroism 
was read for the only strong line (Cd 5086) which appeared to be available in this region. 
In these circumstances we are convinced that the dissymmetry factor, as now plotted 
from our revised readings of the plates, is substantially correct, and that the anomaly 
referred to above was due to errors in the earlier readings of circular dichroism. 

4. Analysis of Absorption Curve-——Measurements of circular dichroism have already 
established the complexity of the principal absorption band of camphor (Kuhn and Gore, 
Z. physikal. Chem., 1931, B, 12, 389) and of camphor-f-sulphonic acid (Lowry and French, 
J., 1932, 2655), since, in each of these compounds, circular dichroism is developed only on 
the long-wave-length side of the ketonic band, which must thereiore include also an optically 
inactive component of shorter wave-length. In the present instance, no similar concen- 
tration of circular dichroism was observed, but the form of the absorption band differs so 
completely from that of the curve of circular dichroism as to leave little doubt of its com- 
plexity. In order to test this, we used our curve of circular dichroism to calculate a 
theoretical absorption curve (c) on the assumption that the whole of the absorption at 4 = 
4500 A. was due to the optically active component and that the factor g was proportional 
to the frequency. These assumptions enabled us to recognise the existence of two optically 
inactive bands as indicated by the broken lines curves (d) and (e). Other analyses would 
be possible, if we had assumed that only a part of the absorption at 4500 A. was due to the 
optically active absorption band; but the existence of three components is clearly estab- 
lished, since there is an obvious surplus of absorption on either side of the main band; and 
the form of the subsidiary bands (d) and (e) is so normal that we are ready to accept our 
first analysis as substantially correct. 


EXPERIMENTAL. 


The camphorquinone (Kahlbaum) was purified by sublimation. After drying in a desiccator 
over-night, it melted sharply at 198°. The cyclohexane had been purified by distillation and 
freezing, and was transparent in the range of wave-lengths covered by the experiments. 

The absorption in the visible spectrum was measured with a Nutting spectrophotometer and 
a filament-lamp as a source of a continuous spectrum. The wave-lengths were read off from 
a drum, the calibration of which was checked against lines of the mercury arc. Measurements 
of absorption were, however, also made with the line spectra of cadmium and copper, in order 
to ensure that the curves of absorption and circular dichroism were not displaced by any error 
of wave-length. In the ultra-violet a Spekker photometer was used, with a tungsten-steel 
spark as a source of light. 

The circular dichroism was measured with the apparatus used by Lowry and Hudson (Phil. 
Trans., 1933, A, 232, 177) in the investigation of the xanthates. In the ultra-violet, 
a rhomb of fused silica and a quartz spectrograph were used; but the dichroism of the visual 
band was observed with a rhomb of Uviol glass, and a spectrograph with two glass prisms; 
a few plates were taken, however, with a single prism of glass. The iron arc was the principal 
source of light, but has very few lines in the region of maximum circular dichroism. Attempts 
to use a brass arc, and a spark between uranium electrodes, were not satisfactory. On the other 
hand, the lines from an enclosed cadmium arc were found to be very suitable for use with this 
apparatus, although only one of them was of suitable wave-length to be of value in the present 
instance, 

SUMMARY. 

(a) The absorption and circular dichroism of camphorquinone have been measured 
in solutions in cyclohexane. 

(6) The curve of circular dichroism resembles a parabola, with a smoothly-rounded 
maximum, ¢ — ¢ = 1-95 at 4700 A., but it is definitely steeper on the side of longer 
wave-lengths. 
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(c) The visual absorption band rises to a maximum, ¢ = 38-8 at 4780 A., but a second 
band of very small persistence was discovered in the ultra-violet with a maximum ¢ = 23 
at 2650 A. 

(d) The principal component of the visual absorption is the optically active band, of 
which the circular dichroism was recorded; but the form of the absorption curve is much 
less regular, and can only be interpreted by assuming the presence of optically inactive 
components on either side of the main component. These inactive components are shown 
tentatively with maxima « = 9-4 at 4900 A., and ec = 11-4 at 4230 A. 


We wish to acknowledge our indebtedness to Newnham College for a Bathurst Studentship, 
and to the Department of Scientific and Industrial Research for grants to one of us (D. M.S.) 
during the period in which this research was carried out. 
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244. Studies in the cycloHexane Series. Part II.* The Formation of 
Isomeric Arylaminocyanomethyleyclohexanes in the Condensation of 
the Cyanohydrins of the Methylcyclohexanones with Arylamines. 


By M. WAHEED BukusH, R. D. Desai, R. F. HUNTER, and MEnp1 HussAIn. 


QupRat-I-Kuupa’s claim (J. Indian Chem. Soc., 1931, 8, 277) to have isolated the four 
strainless forms of 1-carboxy-4-methylcyclohexane-l-acetic acid required by the Sasche— 
Mohr hypothesis led us to study the condensation of the cyanohydrins of the methylcyclo- 
hexanones with arylamines (cf. Walther and Hubner, J. pr. Chem., 1916, 98, 124). The 
reaction between the cyanohydrin of 4-methylceyclohexanone and aniline was studied by 
Betts and Plant from quite another point of view (J., 1928, 2073), but fractional crystallis- 
ation of the product led to the isolation of a more easily fusible isomeride in addition to 
the 1-anilino-l-cyano-4-methylcyclohexane described by these authors. The condensation 
of this cyanohydrin with #-bromoaniline, 0-, m-, and p-toluidine, and «- and $-naphthyl- 
amine led, with the exception of the case of o-toluidine, to the formation of pairs of isomeric 
arylaminocyanomethylcyclohexanes (1), which were characterised by the corresponding 
amides (II), and also in certain cases by the acids (III) obtained from the latter by 
hydrolysis. 


CHyCHy¢ CN CO:NH, CO,H 
ml< XS 


CHMe<¢y*-CH,>-<NHR NHR NHR 
(I.) (II.) (III.) 


3-Methylcyclohexanone behaved similarly towards aniline and gave rise to two isomeric 
varieties of 1-anilino-1-cyano-3-methylcyclohexane, and in the condensation with p-bromo- 
aniline, traces of a second isomeride also appeared to be present. With o- and #-toluidine 
and with the naphthylamines, however, only one individual was detected. 

2-Methylcyclohexanone gave rise to pairs of isomerides with aniline and with §-naphthyl- 
amine, and in the condensation of the cyanohydrin with p-bromoaniline traces of a second 
isomeride appeared to be present. In the reactions with the toluidines and «-naphthyl- 
amine, however, only one product was isolated. 

The arylaminocyanomethyleyclohexanes derived from all three methylcyclohexanones 
are therefore isolable in certain cases in two, but never more than two, modifications and 
there is no indication of isomerism connected with multiplanar forms. 


EXPERIMENTAL. 
1-A nilino-1-cyano-4-methylcyclohexane.—When a solution of potassium cyanide (35 g.) in 
water (100 c.c.) was added to a mixture of 4-methylcyclohexanone (56 g.) and aniline (46 g.) in 


* The paper of Desai, Hunter, Ghulam Khan, and Saharia (this vol., p. 416) is to be regarded as 
Part I. 
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glacial acetic acid (250 c.c.), heat was evolved. The product, which separated over-night, was 
collected; dilution of the filtrate with water gave a further quantity. On recrystallisation 
from benzene, the A form of the anilinocyano-derivative separated in thick plates, m. p. 107° 
(Found: C, 78:2; H, 8-6. Calc. for C,,H,,N,: C, 78:5; H, 84%). The mother-liquor, on 
being kept, deposited a further quantity; the filtrate from this, on being evaporated to dryness, 
yielded a residue, m. p. 65—75°, which was extracted with hexane. The sparingly soluble 
residue consisted of the A form, but the hexane extract deposited two types of crystal consisting 
of the A form, m. p. 107°, and thin plates of the B form, which were separated with the help of 
a lens and recrystallised from hexane. This isomeride had m. p. 92—93°, depressed to 80° 
by the A form (Found: C, 78-3; H, 8-1%). 

The amide of the A form was prepared by dissolving the nitrile in cold concentrated sulphuric 
acid and keeping the mixture over-night. On dilution with water and treatment with ammonia, 
a precipitate formed, which separated from alcohol in needles, m. p. 166° (Found: C, 72-3; 
H, 87. Calc. for C,4H,,ON,: C, 72-4; H, 86%). Betts and Plant (/oc. cit.) recorded the m. p. 
as 161°. The B form, prepared in a similar manner from the B form of the nitrile, separated 
from alcohol in needles, m. p. 174° (Found: C, 72-1; H, 88%), depressed to 150—155° by 
the amide of the A form. 

The A form of 1-anilino-4-methylcyclohexane-1-carboxylic acid was obtained by heating the 
A form of the amide with alcoholic hydrochloric acid for 20 hours, the residue obtained by 
removal of alcohol being treated with dilute aqueous sodium carbonate, and the acid recovered 
from the filtered solution by acidification with acetic acid. It separated from alcohol in needles, 
m. p. 186° [equiv., 235. Calc. for C,gH,g0,N (monobasic): equiv., 233]. Betts and Plant 
record m. p. 179°. 

The details of the preparation of the compounds described below are similar, but the 
experiments were carried out on a smaller scale; e.g., the amount of ketone used for condensation 
in the 4-methyl series was 5-6 g., 11-2 g., and 5-6 g. in the cases of p-bromoaniline, p-toluidine, 
and 8-naphthylamine respectively. (The theoretical percentages are given in parentheses.) 


Compound. 
1-p-Bromoanilino-1-cyano- 
4-methyicyclohexane 
1-p-Bromoanilino-4-methyl- 
cyclohexane-1-carboxyamide 
1-p-Bromoanilino-4-methyl- 
cyclohexane-l-carboxylic acid 
1-p-Toluidino-1-cyano- 
4-methylicyclohexane 


1-p-Toluidino-4-methyicyclo- 
hexane-1-carboxyamide 

1-m-Toluidino-1-cyano- 
4-methylcyclohexane 


1-m-Toluidino-4-methylcyclo- 
hexane-\-carboxyamide 


1-o-Toluidino-1-cyano- 
4-methylcyclohexane 
1-o-Toluidino-4-methylcyclo- 
hexane-1-carboxyamide 
l1-a-Naphthylamino-1-cyano- 
4-methyicyclohexane 
l-a-Naphthylamino-4-methyl- 
cyclohexane-1-carboxyamide 


1-B-Naphthylamino-1-cyano- 
4-methylcyclohexane 

1-B-Naphthylamino-4-methyl- 
cyclohexane-1-carboxyamide 


1-A nilino-1-cyano-3-methyl- 
cyclohexane 


Form. 


M. p. 
126° 
88—89 


178 
158 


184 


104 
79 


155 

145 

115 
82—83 


137—138 


117—118 
100 


143 


151—152 
165 


138 
204 


152 
132 


270 
205 


75 
95 


Analysis. 
C, 57°5 (57°3) ; H, 5°7 (5°8) 
C, 57°4; H, 5°75 


Br, 26-0 (25-7) 
Br, 25°9 


Br, 25-9 (25-7) 


‘9 (78°9) ; 
‘9; H, 7-9 


; H, 9-2 (9°0) 


H, 9-0 (8°8) 


C, 81-8 (81-8) ; H, 7°6 (7°6) 
C, 81°6; H, 7:7 


C, 76°3 (76-6) ; H, 8°1 (7°8) 


- 


@-1 

=e 

~1 Cr 

- ~—« 

bot bot pt bt ot 
S03 <3 33 
coc *¥aeo 


<3-3 «1-1 © 
ono oo = 
wm bo ao, oO 


~ 


5 


an an aaA 


— 


; H, 8°7 (8-4) 
“4 


— 
tL oo 
a 


Remarks. 


Needles from hexane 
Nodules from hexane 


Needles from alcohol 
Needles from alcohol 


Needles from benzene 

Six-sided plates from 
hexane 

Needles from alcohol 

Needles 


Needles from benzene 

Hexagonal plates from 
benzene 

Obtained by keeping the 
nitrile in conc. H,SO, 
for 1 month 


Needles from benzene 
Plates from alcohol 


Plates from benzene 
Soft needles from benzene 


Plates from benzene- 
petrol 


Plates from benzene 
Needles from benzene 


Plates from benzene 

Minute plates 
benzene 

Needles from hexane 

Plates 


from 
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M. p. 
97 
92 


88—89 


Compound. Form. 

1-A nilino-3-methylcyclo- A 
hexane-1-carboxyamide B 

1-p-Bromoanilino-1-cyano- 
3-methylcyclohexane 

1-p-Bromoanilino-3-methyl- 
cyclohexane-1-carboxyamide 

1-p-T oluidino-1-cyano- 
3-methylcyclohexane 

1-p-T oluidino-3-methyicyclo- 
hexane-1-carboxyamide 

1-0-T oluidino-1-cyano- 
3-methyicyclohexane 


137 


78 


l-a-Naphthylamino-1-cyano- 
3-methylcyclohexane 

1-a-Naphthylamino-3-methyl- 
cyclohexane-1-carboxyamide 

1-B-Naphthylamino-1-cyano- 
3-methylcyclohexane 

1-B-Naphthylamino-3-methyl 
cyclohexane-1-carboxyamide 

1-A nilino-1-cyano-2-methyl- 
cyclohexane 


1-A nilino-2-methyicyclohexane- 
1-carboxyamide 


1-A nilino-2-methyicyclohexane- 
l-carboxylic acid 

1-p-Bromoanilino-1-cyano- 
2-methyicyclohexane 

1-p-Bromoanilino-2-methyicyclo- 
hexane-1-carboxyamide 

1-p-Toluidino-1-cyano- 
2-methylcyclohexane 

1-p-T oluidino-2-methyicyclo- 
hexane-1-carboxyamide 

1-m-Toluidino-1-cyano- 
2-methyicyclohexane 

1-m-T oluidino-2-methyicyclo- 
hexane-\-carboxyamide 


1-o-T oluidino-1-cyano- 
2-methyicyclohexane 


1-a-Naphthylamino-1-cyano- 118 


2-methyicyclohexane 
1-B-Naphthylamino-1-cyano- 

2-methylcyclohexane 
1-8-Naphthylamino-2-methyl- 

cyclohexane-1-carboxyamide 


110—111 
105 


178 


THE Mustim UNIVERSITY, ALIGARH, INDIA. 


Analysis. 
C, 72-2 (72-4) ; H, 8°8 (8°6) 
C, 7271; H, 8:7 
Br, 27°7 (27:3) 
Br, 25°9 (25-7) 
C, 78°8 (78-9) ; H, 8°9 (8°8) 
C, 73°0 (73°2) ; H, 9°2 (9°0) 


C, 78:9; H, 9°0 


C, 81-6 (81-8) ; H, 7°8 (7°6) 
C, 76°5 (76°6) ; H, 8-0 (7°8) 
C, 81-4; H, 7°9 
C, 76:7; H, 7-9 
C, 78°3 (78-5) ; H, 8°6 (8°4) 


. 3 
72°4); H, 8-9 (8°6) 


C, 71+9 (72°1) ; H, 8°4 (8°1); 
equiv., 234 (233) 

Br, 27°6 (27°3) 

Br, 26-0 (25°7) 

C, 78°6 (78-9) ; H, 9°0 (8°8) 

C, 73-0 (73-2); H, 9°1 (9°0) 

C, 78°7; H, 8-9 


C, 73:1; H, 9°2 


C, 78°8; H, 91 


C, 81-5 (81-8); H, 7-9 (7°6) 


C, 81°4; H, 7°8 
C, 81°5; H, 7°7 
C, 76°4 (76°6) ; H, 8-1 (7°8) 
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Remarks. 
Needles from alcohol 
Needles from benzene 


Needles from hexane 
Needles from alcohol 
Rhomboids from alcohol 
Needles from alcohol 


Recovered unchanged 
after being kept in 
conc. H,SO, for 4 
months 

Plates from benzene 

Small prisms from 
benzene 

Rhombic 
benzene 


Needles from alcohol 


plates from 


Small plates from hexane 
containing a few drops 
of benzene 

Aggregates of soft needles 

Obtained by a the 
nitrile in conc. H,SO, 
for 6 weeks 

Plates from alcohol 


Short needles from 


hexane 
Needles from alcohol 


Plates from benzene 


Rectangular plates from 
benzene 


Needles from benzene 


Obtained by keeping the 
nitrile in conc. H,SO, 
for 4 months 

Needles from benzene. 
Recovered unchanged 
after keeping in conc. 
H,SO, for 4 months 


Nodules from benzene 
Plates from hexane 


(Received, April Ast, 1936.] 
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245. Studies in the cycloHexane Series. Part III. 1-Carboxy- 
3 : 3-dimethylcyclohexane-1-acetic Acid. 


By R. D. Dresat, M. OMAR FARoog, and R. F. HUNTER. 


THE synthesis of 1-carboxy-3 : 3-dimethylcyclohexane-1-acetic acid, in which the damping 
effect of the gem-dimethyl group might be expected to facilitate the isolation of strainless 
isomers, was undertaken in continuation of the study of the isomeric 1-carboxymethylcyclo- 
CH.—CH CO.H hexane-l-acetic acids (Desai, Hunter, Ghulam Khan, 
CHg< oye. CH-C<cH-CO y and Saharia, this vol., p. 416). Condensation of ethyl 
._ * aun" 3: 3-dimethyl-cyclohexylidene-1-cyanoacetate, obtained 
from Crossley and Renouf’s ketone (J., 1907, 91, 63), with potassium cyanide, and sub- 
sequent hydrolysis of the product gave the required acid, accompanied by a small amount of 
an amic acid. It wasalso prepared by hydrolysis of ethyl 1-cyano-3 : 3-dimethylcyclohexane- 
1-a-cyanoacetate obtained by Higson and Thorpe’s method (J., 1906, 89, 1455). As might be 
anticipated from thermodynamical considerations based on the energy associated with 
angular strain in homocyclic rings, which indicate that the cyclohexane ring should be able 
to change from the “‘C”’ to the “‘Z”’ form at almost every collision, we were unable to 
obtain any evidence for the existence of a second form of .l-carboxy-3 : 3-dimethylcyclo- 
hexane-1l-acetic acid. 
EXPERIMENTAL. 


1-Carboxy-3 : 3-dimethylcyclohexane-l-acetic Acid.—(a) Lapworth and McRae’s method. A 
mixture of 3 : 3-dimethylcyclohexanone (25 g.) and ethyl cyanoacetate (23 g.) to which piperidine 
(10—15 drops) had been added was kept over-night, and heated on a water-bath for 48 hours 
after addition of anhydrous sodium sulphate (10 g.). The mixture was extracted with ether, the 
extract washed with dilute hydrochloric acid, dried, and distilled; unchanged material was 
obtained (which was subsequently worked up again), followed by the cyano-ester, b. p. 155— 
157°/14mm. (Found ; C, 70-3; H, 8-8. C,,;H,,O,N requires C, 70-6; H, 8-6%); yield 50—55%. 
A solution of potassium cyanide (8 g.) in water (25 c.c.) was gradually added to the cyano-ester 
(14 g.) in rectified spirit (75 c.c.); heat was evolved, and the mixture was kept at laboratory 
temperature for 24 hours. The product obtained by removal of alcohol was treated with water 
and with concentrated hydrochloric acid (100 c.c.), and the mixture heated on a sand bath, 
under reflux, for 48 hours; the solid which separated on cooling was collected, and the mother- 
liquors were extracted with ether. The combined solution of the solid product in ether and the 
ethereal extract was exhaustively extracted with aqueous sodium carbonate, and this extract was 
acidified. The product isolated by extraction with ether was rubbed with benzene to remove 
sticky impurities and thereafter recrystallised from dilute alcohol, 1-carboxy-3 : 3-dimethyl- 
cyclohexane-1l-acetic acid being obtained in needles, m. p. 166° (efferv.) [Found: C, 61-5; H, 
8-5; equiv., 108. C,,H,,0, requires C, 61-7; H, 8-4%; equiv. (dibasic), 107]. The barium, 
lead, and copper salts of this acid were precipitated on the addition of aqueous salts of the 
metals to a neutral solution of the ammonium salt. The calcium salt, similarly prepared, 
separated on warming. The anhydride was obtained by heating the acid in a hard-glass tube 
at 170—180° for an hour, and solidified on cooling. On recrystallisation from benzene it was 
obtained in prismatic needles, m. p. 67° (Found: C, 67-6; H, 8-3. C,,H,,O, requires C, 67-4; 
H, 82%). The anilic acid separated on mixing benzene solutions of the anhydride and aniline, 
and crystallised from dilute alcohol in plates, m. p. 206° (Found: C, 70-6; H, 7-8. C,,H,,O,N 
requires C, 70-6; H, 7-9%). The anil, obtained by heating the anilic acid at 180° for 3 hours, 
solidified on being rubbed with aqueous ammonia. On recrystallisation from dilute alcohol, 
it formed small lustrous plates, m. p. 132° (Found: C, 75-1; H, 7-8. C,,H,,O,N requires 
C, 75-3; H, 7-8%). 

The benzene extract of gummy material which contaminated the crude dimethylcyc/ohexane 
acid was evaporated in a vacuum, and the gum obtained solidified on keeping, m. p. 170—185°. 
On recrystallisation from dilute alcohol, this gave a more sparingly soluble fraction consisting 
of the imide of 1-carboxy-3 : 3-dimethylcyclohexane-1l-acetic acid, which was also prepared by 
heating the dry ammonium salt of the acid at 180°, and formed lustrous plates, m. p. 204° 
(Found : C, 67-9; H, 8-6. C,,H,,O,N requires C, 67-8; H, 8-7%). The more soluble fraction 
consisted of an amic acid, which crystallised from benzene in soft needles, m. p. 145° (Found : 
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C, 61-9; H, 8-9. C,,H,,O,N requires C, 62-0; H, 89%). This gave the acid of m. p. 166° 
on hydrolysis with mineral acids and alkali. The neutral product recovered from the original 
ethereal extract of the hydrolysis of the dicyano-ester gave a nitrogenous substance which 
crystallised from hexane in prismatic needles, m. p. 85—-86°, and also gave the acid, m. p. 166°, 
on hydrolysis with acid and alkali. This was probably the dinitrile corresponding to the 
dimethylcyclohexane acid, but the quantity at our disposal was insufficient for detailed investig- 
ation. 

(b) Higson and Thorpe’s method, Potassium cyanide (8 g.) in water (25 c.c.) was gradually 
added to the clear solution obtained from 3 : 3-dimethylcyclohexanone (12-6 g.) and sodium 
bisulphite (11 g.) in water (50 c.c.) previously treated with sulphur dioxide. The oil was 
extracted in ether, washed with saturated brine, dried, and distilled under reduced pressure, 
1-hydroxy-1-cyano-3 : 3-dimethylcyclohexane being obtained, b. p. 128—129°/15 mm. (Found : 
C, 70-3; H, 9-9. C,H,,ON requires C, 70-6; H, 9:8%); yield 75—80%. A suspension of ethyl 
sodiocyanoacetate (sodium, 1-1 g.; alcohol, 15 c.c.; ethyl cyanoacetate, 6 g.) was added with 
shaking to the cyanohydrin (7-5 g.) in absolute alcohol (10 c.c.) and the mixture was kept for 
24 hours and thereafter heated on a water-bath for 2 hours. The oil obtained on dilution with 
water and acidification was extracted and dried in ether and distilled, the dicyano-ester passing 
over at 180—195°/15 mm. On redistillation, ethyl 1-cyano-3 : 3-dimethyicyclohexane-1-a- 
cyanoacetate was obtained as a pale yellow liquid, b. p. 190—191°/15 mm. (Found: C, 67-9; 
H, 8-2. C,,H,.O,N, requires C, 67-7; H, 8-0%). The ester was hydrolysed by heating with 
concentrated hydrochloric acid for 48 hours, 1-carboxy-3 : 3-dimethylcyclohexane-1l-acetic 
acid, m. p. 166°, being obtained. 


THe Mustim UNIvERsitTy, ALIGARH, INDIA. [Received, June 30th, 1936.] 





246. The Action of Phosphorus Pentachloride on Derivatives of 
Diphenylamine, 
By RoBert R. GOopALL and WILLIAM O. KERMACK. 


THE cyclisation of certain derivatives of diphenylamine-2-carboxylic acid may be readily 
effected by refluxing with an excess of phosphorus oxychloride (cf. Magidson and Grigorow- 
ski, Ber., 1933, 66, 866), the resulting acridone being usually converted at the same time 
(in whole or in part) into the corresponding 5-chloroacridine. In certain cases, the same 
reaction may be effected by phosphorus pentachloride in chlorobenzene. In this way, 
for example, 4-methoxy- and 4-chloro-diphenylamine-2-carboxylic acids are readily 
converted, in good yield, into 5-chloro-3-methoxy- and 3 : 5-dichloro-acridine. When this 
method was applied to 2 : 4-dichlorodiphenylamine-2’-carboxylic acid, the yellow crystalline 
product, m. p. 188°, which separated from the chlorobenzene, did not show the properties 
of a derivative of 5-chloroacridine. Analysis indicated that it had the formula Cy3H,ONC],. 
Treatment with potassium methoxide gave a potassium salt, from which the acid 
C,,H,NCI,"CO,H, m. p. 270°, could be liberated, and methyl alcohol and potassium phen- 
oxide afforded the corresponding esters. The original compound contained no immediately 
ionisable chlorine, but after 2 hours’ boiling with 25%, nitric acid, one chlorine atom was 
liberated. These observations indicate that the compound C,;H,ONCI, is probably 
2:4: 4'-trichlorodiphenylamine-2'-carboxylic acid chloride (I, R = Cl), the extra chlorine 
atom being inserted in position 4’, as this is the position most likely to be reactive. This 
conclusion was confirmed by the synthesis of the corresponding 
1 acid (I, R= OH) from 2: 4-dichloroaniline and potassium 2: 5- 
Us ae} ‘ichieesbencets in amy] alcohol, in presence of a trace of copper ; 
it had m. p. 269—270°, ‘undepressed on admixture with the fore- 
going acid. 

When 2-bromo-4-methyldiphenylamine-2'-carboxylic acid is treated 
in et chlorobenzene with phosphorus pentachloride, the reaction proceeds analogously, 
the product being the 4’-chloro-acid chloride; from this was obtained the free acid, the con- 
stitution of which was confirmed (m. p. and mixed m. p.) by its synthesis from 3-bromo- 
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p-toluidine and potassium 2: 5-dichlorobenzoate. Similar treatment of 2 : 5-dichloro- 
diphenylamine-2’-carboxylic acid afforded a crystalline yellow product, but this could not 
be obtained in a pure form, even after repeated recrystallisation. Analysis showed, how- 
ever, that it was a trichlorodiphenylamine-2’-carboxylic acid chloride. 2 : 5 : 4'-Trichloro- 
diphenylamine-2'-carboxylic acid was prepared from 2 : 5-dichloroaniline and 2 : 5-dichloro- 
benzoic acid, and the acid chloride, m. p. 125—126°, prepared from this by the action of 
thionyl chloride gave no depression of the m. p. with a fraction, m. p. 113—117°, of the 
above impure acid chloride, which appears therefore to be a mixture of the 2 : 5 : 4’- with 
(probably) the 2:4: 5-isomeride. For comparison, 2 : 5-dichlorodiphenylamine-2'-carb- 
oxylic acid chloride, m. p. 148—151°, was also prepared. 

In three cases described above the phosphorus pentachloride appears to effect further 
substitution before ring closure can take place, and it is apparently the 2-halogeno-sub- 
stituent which thus retards cyclisation. The chlorinating action of phosphorus penta- 
chloride, which presumably depends on its dissociation into phosphorus trichloride and 
free chlorine, has been recorded in relation to aliphatic compounds (cf. Kauder, J. #r. 
Chem., 1885, 31, 3: Colson and Gautier, Compt. rend., 1886, 102, 1075) and to aliphatic 
side chains in aromatic compounds (cf. idem, ibid., 1885, 101, 1064; 1886, 102, 689), but 
cases of direct nuclear chlorination by this reagent do not seem to be on record. 


EXPERIMENTAL. 


Action of Phosphorus Pentachloride on 4-Methoxydiphenylamine-2'-carboxylic Acid.—Phos- 
phorus pentachloride (40 g.) was added to the crude acid (cf. Borsche e# al., Ber., 1933, 66, 1316) 
(45 g.) suspended in chlorobenzene (180 c.c.) and the mixture refluxed for 1 hour in an oil- 
bath at 130°. Hydrogen chloride was evolved, and the green solution ‘changed to brown; 
then a yellow solid separated, which partly redissolved. After cooling, the solid product was 
filtered off, thoroughly washed with ether (about 50 c.c.) to remove chlorobenzene and phosphorus 
oxychloride, and the residue, presumably the hydrochloride of 5-chloro-3-methoxyacridine, 
converted into the free base by suspending it in alcohol (100 c.c.), and gradually adding ammonia 
in the cold, till slightly alkaline. The base was filtered off and crystallised from alcohol; yield 
25 g., m. p. 148—149° (Found: C, 69-1; H, 3-9. Calc. for C,;,H,,ONCi: C, 69-0; H, 41%). 
Magidson and Grigorowski (Ber., 1936, 69, 404) give m. p. 152—153°. 

Action of Phosphorus Pentachloride on 4-Chlorodiphenylamine-2'-carboxylic Acid.—The crude 
acid (cf. Ullmann, Amnalen, 1907, 355, 399) (9 g.) in chlorobenzene (15 c.c.) was treated with 
phosphorus pentachloride (9 g.) and the product worked up as above; the pale green voluminous 
precipitate obtained on treatment with ammonia was filtered off, washed with ether, and dried. 
3 : 5-Dichloroacridine crystallises from alcohol as pale green micro-needles, m. p. 196—198°, 
soluble in benzene, ligroin, and chloroform, and sparingly soluble in ether and acetone. The 
base dissolves in dilute hydrochloric acid, but on boiling, 3-chloroacridone, m. p. 398° (Ullmann, 
ibid., gives m. p. over 360°), is immediately obtained. When 3: 5-dichloroacridine was heated 
in phenol (7-5 g.) containing potassium hydroxide (0-8 g.) for 2 hours at 100°, it was converted 
into 3-chloro-5-phenoxyacridine, isolated by dissolving the phenol in excess of 10% sodium 
hydroxide solution, and recrystallising the well-washed residue from ligroin. The pale yellow 
rectangular prisms (m. p. 144—145°) obtained closely resemble 3 : 5-dichloroacridine in pro- 
perties (Found: C, 74:4; H, 4:0. Cj, gH,,ONCI requires C, 74-7; H, 3-9%). 

Action of Phosphorus Pentachloride on 2 : 4-Dichlorodiphenylamine-2'-carboxylic Acid.—This 
acid (cf. Ullmann, Joc. cit.) (20-4 g.), phosphorus pentachloride (36 g.), and chlorobenzene (40 c.c.) 
were heated under reflux in an oil-bath at 120° for 1 hour. On cooling, the green solution 
afforded bright yellow crystals, which were filtered off and washed with ether; yield 13-5 g. 
2:4: 4'-Trichlorodiphenylamine-2'-carboxylic acid chloride (1; R = Cl) crystallises from toluene 
as canary-yellow needles, m. p. 188—189° [Found : C, 46-2; H, 2-5; N, 4-8; Cl (total), 41-8; 
Cl (ionisable), 10-3.* C,,H,ONCI, requires C, 46-6; H, 2-1; N, 4:2; Cl (total), 42-4; Cl (ion- 
isable), 10-6%]; it is very soluble in chloroform, slightly soluble in benzene, toluene, ligroin, 
and acetone, and insoluble in cold dilute sodium hydroxide. 

When this acid chloride (0-5 g.) was boiled under reflux with 10% methyl-alcoholic potash 
(5 c.c.), the bright yellow colour disappeared, and a pale green solution was gradually formed. 
After about 15 minutes, a voluminous precipitate separated. Boiling was continued for 2 hours, 
the whole was filtered hot, and the pale yellow residue washed with a little methyl alcohol, dis- 
solved in hot water, and acidified with hydrochloric acid, the white precipitate of the acid being 
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filtered off and washed; it recrystallised from alcohol as pale yellow micro-needles, m. p. 270° 
(Found : C, 49-6; H, 2-6. C,,;H,O,NCI, requires C, 49-2; H, 2-5%). 

The same acid was formed when potassium 2: 5-dichlorobenzoate (2-1 g.), 2: 4-dichloro- 
aniline (2 g.), and amyl alcohol (5 c.c.) containing a trace of copper-bronze were refluxed in an 
oil-bath at 150° for 6 hours. The purple product was made alkaline, and the amyl] alcohol and 
excess 2: 4-dichloroaniline removed by steam-distillation. By boiling with charcoal, filtering 
hot, and acidifying, the acid separated as a grey precipitate, from which any unchanged 2: 5- 
dichlorobenzoic acid was removed by extraction with boiling water. Recrystallisation from 
alcohol gave grey micro-needles, m. p. 269—270°, not depressed on admixture with the above 
acid. Further, the action of thionyl chloride (30 minutes’ refluxing) afforded an acid chloride 
which, recrystallised from toluene, had m. p. 188—189°, and was identical in all respects with 
that described above. 

When the acid chloride (0-5 g.) was refluxed with methyl alcohol (15 c.c.) for 1 hour and cooled, 
it afforded the methyl ester, which, recrystallised from ligroin, formed pale yellow micro-needles, 
m. p. 124° (Found: C, 51-0; H, 3-4; Cl, 32-9. C,,H,,O,NCI, requires C, 50-7; H, 3-0; Cl, 
32-3%). 

The phenyl ester resulted when the acid chloride was heated for 2 hours on the water-bath with 
potassium hydroxide (0-33 g.) in phenol (5-0 g.), and the melt stirred into 10% aqueous sodium 
hydroxide (50 c.c.). The solid was washed, dried, and recrystallised from ligroin, forming pale 
yellow micro-needles, m. p. 108—109° (Found: C, 57-6; H, 3-5. C,,H,,0O,NCI, requires C, 
58-1; H, 3-1%). 

2-Bromo-4-methyldiphenylamine-2'-carboxylic acid.—Potassium o-chlorobenzoate (19-4 g.), 
3-bromo-p-toluidine (19-4 g.), copper-bronze (0-4 g.), and amyl alcohol (30 c.c.) were refluxed 
in an oil-bath at 150° for 4 hours. The product was worked up as described for 2: 4: 4’- 
trichlorodiphenylamine-2’-carboxylic acid; yield 18-2 g. Recrystallised from benzene, the 
acid formed white silky needles, m. p. 191°, soluble in alcohol, benzene, acetone, ether, and 
chloroform (Found: C, 55-1; H, 4-1. C,,H,,O,NBr requires C, 54-9; H, 3-9%). 

Action of Phosphorus Pentachloride on 2-Bromo-4-methyldiphenylamine-2'-carboxylic Acid.— 
When this acid (10 g.) and phosphorus pentachloride (16 g.) in chlorobenzene (40 c.c.) were 
refluxed for 1 hour, the resulting dirty green solution deposited yellow needles on cooling; 
these were washed with ether (yield 5 g.) and recrystallised from ligroin, bright canary-yellow 
needles of 4’-chloro-2-bromo-4-methyldiphenylamine-2'-carboxylic acid chloride, m. p. 175°, being 
obtained (Found: C, 46-7; H, 3-1. C,,H,,ONCI,Br requires C, 46-8; H, 2-8%); it is 
moderately soluble in alcohol, benzene, chloroform, and acetone, slightly soluble in ether and 
ligroin, insoluble in cold dilute caustic soda. 

This acid chloride (0-5 g.) was heated on the water-bath with 0-2M-aqueous sodium carbonate 
(1 equiv.) for 4 hours, and the pale yellow crystalline product was filtered off, washed free from 
alkgli, and dried. Recrystallisation from benzene yielded micro-needles, m. p. 235—237° 
(Found : C, 49-1; H, 3-2. C,,H,,O,NBrCl requires C, 49-3; H, 3-2%). The same acid (m. p. 
and mixed m. p. 236—238°) was obtained when potassium 2: 5-dichlorobenzoate (1 g.) and 
3-bromo-p-toluidine (1 g.), in amyl alcohol (5 c.c.) containing a trace of copper-bronze, were 
refluxed for 4 hours, and then worked up in the usual way, being crystallised from benzene. 

Action of Phosphorus Pentachloride on 2: 5-Dichlorodiphenylamine-2'-carboxylic Acid.— 
When this acid (5 g.), phosphorus pentachloride (9 g.), and chlorobenzene (10 c.c.) were refluxed 
for 1 hour, the dark brown solution obtained yielded only a very small quantity of solid on 
cooling. This was separated, the filtrate concentrated in a vacuum, and the solid obtained on 
cooling was crystallised from ligroin, but repeated fractional recrystallisations failed to purify 
the yellow needles, m. p. 104—112° (Found: C, 46-8; H, 2-5. C,;H,;ONCI, requires C, 46-6; 
H, 2+1%). 

Potassium 2 : 5-dichlorobenzoate (1 g.) and 2: 5-dichloroaniline (1 g.) in amyl alcohol (2-5 
c.c.) containing a trace of copper-bronze were refluxed over-night, and the product worked up 
in the usual way. After drying, the resulting crude pale green 2: 5 : 4’-trichlorodiphenylamine- 
2’-carboxylic acid (m. p. 254—255°, from toluene) was refluxed with a large excess of thionyl 
chloride for 30 minutes, the latter removed in acvacuum, and the residue washed with light 
petroleum. Recrystallisation from ligroin yielded pale yellow plates of the acid chloride, m. p. 
125—126°, which showed no depression of m. p. when mixed with a fraction, m. p. 113—118°, 
separated mechanically from the product obtained as above. 

2 : 5-Dichlorodiphenylamine-2'-carboxylic Acid Chloride.—2 : 5-Dichlorodiphenylamine-2’- 
carboxylic acid (cf. Nisbet, J., 1933, 1372) (2 g.) was refluxed with thionyl chloride (3 c.c.) 
for 30 minutes. The cooled dark brown solution deposited light green rhombic prisms of the 
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corresponding acid chloride, which were filtered off, washed with light petroleum, and recrystal- 
lised from ligroin, m. p. 150—152° (Found: C, 52-1; H, 2-8. C,;H,ONCI, requires C, 52-0; 
H, 2-6%). 


We thank the Department of Scientific and Industrial Research for a grant to one of us 
(R. R. G.), and Imperial Chemical Industries, Ltd., for financial and other help. 
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247. The Alkaloids of Ergot. Part VI. Ergometrinine. 
By SYDNEY SMITH and GEOFFREY MILLWARD TIMMISs. 


SOME years ago Moir (Brit. Med. J., 1932, I, 1119) was able to demonstrate by clinical 
experiments that aqueous extracts of ergot, which at that time were considered by pharma- 
cologists to be inert, actually contain a principle capable of causing rapid and vigorous 
contractions of the human puerperal uterus. This principle was subsequently isolated by 
Dudley and Moir (ibid., 1935, I, 520) and found to be a crystalline water-soluble alkaloid 
to which they gave the name ergometrine. Its chemical and physical properties have since 
been precisely described by Dudley (Proc. Roy. Soc., 1935, 118, B, 478) and a detailed 
account of its pharmacological action has been given by Brown and Dale (ibid., p. 446). 
Its clinical action has been described by Moir (Proc. Roy. Soc. Med., 1935, 28, 1654). The 
same alkaloid has been described by other workers under the names ergostetrine (Thompson), 
ergotocin (Davis, Adair, Rogers, Kharasch, and Legault), and ergobasine (Stoll and Burck- 
hart), but there is now agreement concerning the identity of the substance (Nature, 1936, 
137, 403). 

Examination of the mother-liquors from the crystallisation of ergometrine led us to the 
discovery of an isomeric alkaloid which we have briefly described elsewhere (cdid., 1935, 
136, 254). Its high dextrototation [«]3%, + 520° (in chloroform, c = 0-45) suggested 
analogies with the pharmacologically inactive alkaloids ergotinine and ergotaminine, both 
of which have a high dextrorotation, and it was accordingly named ergometrinine. It has 
since been examined at the Wellcome Physiological Research Laboratories by White and 
found to have little oxytocic or adrenaline paralysing action. Reports of comparative 
inactivity have been made by Raymond-Hamet (Compt. rend. Soc. Biol., 1935, 120, 1208), 
Zunz and Vesselovsky (ibid., 1936, 121, 1343), and Chen, Swanson, and Hargreaves (Proc. 
Exp. Biol. Med., 1936, 84, 183). Clinical experiments (Moir; see Dale, Schweiz. Med. Woch., 
1935, 65, 1077) in comparison with ergometrine indicate that it has but little clinical action. 
These results support the opinion that all the ergot alkaloids occur in pairs, one member of 
which in each case has but little pharmacological action, while the other has an intense 
activity. In each of the previously known cases, the inert analogue is convertible into the 
active modification by appropriate treatment and the change is reversible, Similarly, 
ergometrinine is convertible into ergometrine, and the reverse change has also been effected, 
in both cases by methods applicable to the other alkaloidal pairs. 

Jacobs and Craig (Science, 1935, 82, 16; J. Biol. Chem., 1935, 110, 521) have shown 
that since ergometrine on hydrolysis yields lysergic acid and d-B-aminopropy]l alcohol it is 
to be regarded as the hydroxyisopropylamide of lysergic acid. When ergometrinine is 
hydrolysed in the same way it gives precisely the same hydrolytic products. It is assumed, 
therefore, that a change in the configuration of the lysergic acid group in one or both 
alkaloids occurs during the process of hydrolysis, so that both ergometrine and ergo- 
metrinine give products with the configurations stable under the conditions of hydrolysis. 
Since both alkaloids give the same hydrolytic products, an explanation of the differences in 
physiological action between ergometrine and ergometrinine may ultimately be found in 
differences in configuration of the respective molecules and probably, in particular, of the 
ergine portion of the molecule, although other forms of isomerism susceptible to facile 
reversibilty cannot be excluded from consideration, 
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EXPERIMENTAL. 


Isolation of Evrgometrinine.—The water-soluble fraction of the total alkaloids of ergot as 
produced, e.g., by Dudley’s method (Pharm. J., 1935, I, 709; II, 63) was extracted with chloro- 
form, and the chloroform solution was concentrated, until the sparingly soluble ergometrine— 
chloroform compound separated. The ergometrinine in the mother-liquor was separated from 
other alkaloids by virtue of its different solubilities in water, chloroform, and benzene, and of its 
stronger basicity, as follows: The mother-liquor was evaporated to dryness. The resulting 
hard gum (A) was extracted with 100 parts of boiling benzene, leaving a residue (B). The hot 
benzene solution on cooling deposited a soft gum which was converted, by stirring, into a powder, 
consisting mainly of ergometrinine (C). The mother-liquor was extracted fractionally with 1% 
sulphuric acid, yielding respectively two extracts, D and E, of which D was the richer in ergo- 
metrinine. Extract D was diluted with sufficient water so that on making alkaline with 
ammonia the water-soluble alkaloids remained dissolved. This solution was filtered, and extracted 
with chloroform. The first chloroform extract yielded crude ergometrinine (F) on evaporation. 
Fractions C and F were triturated with ethyl acetate and yielded nearly pure ergometrinine. 
The residue B was dissolved in dilute sulphuric acid, basified, extracted with chloroform, and the 
extract treated like the mother-liquor from the precipitation of ergometrine. Extract E was 
basified and extracted with chloroform and this, together with the remaining chloroform extrac- 
tions from extract D, was evaporated to a gum which was then worked up as for A. The yield 
of ergometrinine was about one-half of the weight of ergometrine filtered off from the original 
concentrated chloroform liquors. An additional quantity of ergometrinine was obtained from 
the water-insoluble fraction of the total alkaloids where its presence was due to its sparing 
solubility in water and to its adsorption by the other alkaloids. This fraction was extracted 
with dilute hydrochloric acid and the extract on being made alkaline gave a solution of water- 
soluble alkaloids which were worked up by the methods described above. The semi-crystalline 
ergometrinine was purified either by recrystallisation from acetone or by conversion into the 
nitrate, which is particularly suitable for this purpose. 

Ergometrinine crystallises from acetone in short stout prisms, which decompose at 195— 
197°. It has [c]20, + 520°, [a]?° + 414° (in chloroform, c = 0-45); [c]?3, + 413°, [a]#* + 
328° (in methyl alcohol, c = 0-7) (Found: C, 70-0; H, 7-1; N, 12-8. C,,H,;0O,N; requires 
C, 70-1; H, 7-1; N, 129%). It is very sparingly soluble in water, giving an alkaline solution ; 
sparingly soluble in ethyl acetate; more soluble in acetone, chloroform, and methyl and ethyl 
alcohols. It is sparingly soluble in cold benzene and more readily in boiling benzene. It 
crystallises from acetone, benzene, and chloroform, being much more soluble than ergometrine 
in the last solvent. Unlike ergometrine, it crystallises without solvent of crystallisation, and 
thus resembles the other physiologically inactive alkaloids ergotinine and ergotaminine rather 
than ergotoxine and ergotamine which crystallise associated with solvent. A solution acidified 
with hydrochloric acid gives precipitates with potassium mercuric iodide, potassium bismuth 
iodide, and acid mercuric sulphate. It gives the same blue colour with dimethylaminobenz- 
aldehyde reagent (Allport and Cocking modification) as ergine, but the respective intensities are 
as 267:340 and are therefore nearly inversely proportional to the molecular weights of 
C,,9H,30,N, and C,,H,,ON;. Ergometrinine also resembles the other ergot alkaloids in giving a 
blue colour with the glyoxylic acid reagent, a yellow colour with dilute nitric acid and a trace of 
sodium nitrite, and a reddish-amber colour with Pauly’s reagent. The absorption spectrum of 
ergometrinine in absolute alcohol (c = 0-006%) measured between 2450 and 3400 A. has a 
peak at 3130 A. and a minimum at 2700 A. like that of the other ergot alkaloids and ergine. 

Ergometrinine hydrochloride was prepared by treating a solution of the base in warm acetone 
with N-hydrochloric acid. It crystallised in small needles which decomposed with effervescence 
at 175—180°. Itis very soluble in water. The air-dried material lost 4-8% when dried at 100° 
in a vacuum (C,,H,,0,N;,HCI,H,O requires H,O, 4-7%) (Found, for the anhydrous material : 
C, 62-9; H, 6-6; N, 11-4; Cl, 9-8. C,,H,,0,N;,HCl requires C, 63-0; H, 6-7; N, 11-6; Cl, 9-8%). 
The hydrobromide was prepared by addition of aqueous hydrobromic acid to a suspension of the 
base inacetone, A little water was added to form a clear solution, and the salt was precipitated 
with ether. It recrystallised in needles on addition of ether to a solution in aqueous acetone. 
The crystals were not dehydrated at all when heated at 75° in a vacuum, and at higher temper- 
atures slight decomposition occurred; they melted and decomposed indefinitely between 130° 
and 190° [Found (dried at 75° in a vacuum): C, 53-6; H, 63; N, 9-8; Br, 18-7. 
C,,H,,0,N;,HBr,H,O requires C, 53-7; H, 6-2; N, 9-9; Br, 18-8%]. 

The perchlorate was prepared by the addition of aqueous sodium perchlorate to a solution of 
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the base in dilute acetic acid. The salt crystallises in needles which on heating become grey 
at 210° and decompose with effervescence at 225°. It is sparingly soluble in water [Found 
(dried at 100° in a vacuum): C, 53-3; H, 5-6; N, 9-9. CC, .H,,;0,N;,HCIO, requires C, 53-6; 
H, 5-7; N, 99%]. 

The nitrate was prepared by addition of dilute nitric acid to a suspension of the base in methyl 
alcohol, followed by addition of ether, which precipitated the salt in stout prismatic crystals. It 
was recrystallised by adding ether to a solution in aqueous methyl alcohol. On heating, it 
became grey at 200° and decomposed with effervescence at 235°. It is less soluble in water than 
the hydrochloride and hydrobromide. It has [«]?0;, + 361°; [«]?®° + 282° (in water, c = 0-98) 
[Found (dried at 100° in a vacuum): C, 58-9; H, 6-4; N, 14:4. C,.H,,0,N;,HNO, requires 
C, 58-8; H, 6-2; N, 14-4%]. 

The hydrogen sulphate was prepared by addition of dilute sulphuric acid to a suspension 
of the base in water. On addition of ether to a solution in aqueous methyl] alcohol, it crystallised 
in short stout prisms, which began to go grey at 230° and decomposed with effervescence at 250°. 
It is less soluble in water than the hydrobromide and hydrochloride [Found (dried at 100° in a 
vacuum): C 54-0; H, 6-0; N, 9-8; S, 7-7. C,,H,,;0,N;,H,SO, requires C; 53-9; H, 6-0; 
N, 9-9; S, 76%]. 

Acid Hydrolysis of Ergometrinine and Ergometrine. Isolation of d-B-Aminopropyl Alcohol.— 
Ergometrinine (0-5 g.) was heated in a steam-bath with 20 c.c. of concentrated hydrochloric acid 
for 20 hours. The liquor was then evaporated to dryness, and the residue taken up in about 
5 c.c. of water, treated with charcoal, and filtered. The filtrate was freed from hydrochloric 
acid by the addition of silver sulphate, the silver chloride was filtered off, and the filtrate success- 
ively treated with hydrogen sulphide to remove silver and with barium hydroxide to remove 
sulphate, and incidentally an intense dark blue colouring matter. After removal of barium 
with carbon dioxide the solution was evaporated to dryness and the residue extracted with 
absolute alcohol, the extract on evaporation leaving 0-12 g. of light brown residue. This was 
dissolved in pyridine (5 c.c.) and warmed with p-bromobenzoy] chloride (1-0 g.) until the initial 
precipitate was dissolved. The solution was cooled and filtered from a crystalline pyridine— 
bromobenzoy! chloride addition compound. The filtrate was mixed with an excess of 10% 
sulphuric acid, and the precipitate was separated and triturated with 5% aqueous caustic soda 
to remove free p-bromobenzoic acid. The remaining semicrystalline d-8-aminopropyl] dibromo- 
benzoate weighed 0-38 g. (yield 56%). Recrystallised by dissolution in pyridine and addition 
of water, it gave white anhydrous needles which softened at 155° and melted at 160°, [«]3%3, + 
62°, [«]?° + 57° (in pyridine, c = 2) (Found: C, 46-4; H, 3-3; N, 3-0; Br, 36-1. Calc. for 
C,,H,,O,NBr,: C, 46-3; H, 3-4; N, 3-2; Br, 36-2%). Jacobs and Craig found for the substance 
from ergometrine, m. p. 155° and [a]? + 48° (in pyridine, c = 0-125). 

Alkaline Hydrolysis of Ergometrinine. Isolation of Lysergic Acid.—Ergometrinine (0-5 g.) 
was boiled in methyl-alcoholic N-potassium hydroxide (15 c.c.) for 5 hours in an atmosphere of 
nitrogen. Water (10 c.c.) was added, and the solution was concentrated under reduced pressure 
to remove alcohol. After removal of the base with ether, the aqueous liquor was acidified with 
sulphuric acid. The semicrystalline precipitate of crude lysergic acid (0-25 g.) was purified as 
described by Jacobs and Craig (J. Biol. Chem., 1934, 104, 547) and gave crystals of a dihydrate, 
which had [«]?%, + 50° (in pyridine, c = 0-5), m. p. 238°. 

The Interconversion of Ergometrine and Ergometrinine.—Either of these alkaloids is trans- 
formed into the other by the action of either acids or alkalis. Hydrolysis of the base, presumably 
at the hydroxyisopropylamide group, always occurs, but it is evidently a slower reaction than the 
transformation of one base into another. 

In acid solution. Ergometrine (0-25 g.) was dissolved in glacial acetic acid (3 c.c.), water 
(30 c.c.) added, and the solution heated on the steam-bath, at about 90°, for 1 hour. The solu- 
tion was made alkaline with ammonia, and the alkaloids were exhaustively extracted with ether. 
After being dried over potassium carbonate, the ethereal solution was evaporated and gave a 
mixture (0-13 g.) which had [«]?%, + 190° (in methyl alcohol, c = 0-5). Assuming that only 
ergometrine and ergometrinine were present, calculation from the known specific rotations of 
these bases indicates that the mixture contains 0-045 g. of ergometrinine and 0-085 g. of ergo- 
metrine. By trituration with ice-cooled chloroform, 0-080 g. of ergometrine—chloroform was 
obtained. The filtrate was evaporated, and the residue by trituration with ethyl acetate yielded 
0-040 g. of semicrystalline ergometrinine. The filtrate from this was evaporated, and the residue 
on trituration with chloroform gave 0-010 g. of ergometrine—chloroform. The total yield of 
ergometrine—chloroform (0-090 g.) corresponds to 0-065 g. of ergometrine. The ergometrinine 
isolated had [«]3%;, + 398° (in methyl alcohol, c = 0-5) and gave an almost quantitative yield of 
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the well-crystallised nitrate, which had [a]3%, + 358° (in water, c= 1). The ergometrine— 
chloroform had [«]?%;, + 55° (in methyl alcohol, c = 0-5) equivalent to about + 75° for the 
chloroform-free base. 

In alkaline solution. A solution of ergometrinine (0-1 g.) in N-alcoholic potassium hydroxide 
(5 c.c.) was boiled in a current of nitrogen for 30 minutes. The brown solution was diluted with 
water (15 c.c.), acidified with hydrochloric acid, and then made alkaline with sodium carbonate. 
The liquor was freed from alkaloid by extraction with ether. The ethereal solution, after being 
dried (potassium carbonate), was evaporated, and gave a residue which weighed 0-082 g. (solvent- 
free) and had [«]?%;, + 180° (in methyl alcohol, c = 0-5). This figure corresponds to a mixture 
of 0-056 g. of ergometrine and 0-026 g. of ergometrinine. By following the procedure described 
above, 0-045 g. of ergometrine ([«]2?%;, + 80°) and 0-022 g. of ergometrinine ([«]?%;, + 395°) were 
isolated. 


We wish to acknowledge the assistance of Mr. J. E. Brooks in the practical work of this in- 
vestigation, and our indebtedness to Dr. G. E. Fosterand Mr. H. R. Cutler for the measurement 
of the absorption spectrum. The micro-analyses were carried out by Mr. A. Bennett and Mr. 
H. C. Clarke. 


WELLCOME CHEMICAL WoRKS, DARTFORD. (Received, May 27th, 1936.] 





248. The Reaction between Amines and Unsaturated Compounds containing 
Halogen attached to one of the Ethylenic Carbon Atoms. Part I. 
The Reaction between Ethyl a-Chlorocrotonate and Dimethylamine. 


By Joun C, ROBERTS, 


THE reaction between unsubstituted unsaturated esters and ammonia (or an amine) has 
formed the subject of many investigations (cf. Engel, Compt. rend., 1887, 104, 1805; 1888, 
106, 1677; Wender, Ber., 1889, 22, 736; Bougault, Ann. Chim., 1908, 15, 491; K6rner 
and Menozzi, Ber., 1888, 21, Ref. 86; 1889, 22, Ref. 735), notably by Philippi and his 
co-workers (Monatsh., 1913, 34, 717, 1187; 1932, 60, 50), who conclude that the product 
at the ordinary temperature is mainly an amide, whereas a higher temperature, and also 
the use of a solvent, tend to favour addition at the point of unsaturation. «$-Unsaturated 
esters seem to be the most active with regard to the latter reaction (Monatsh., 1929, 51, 
253), which often takes place to the exclusion of amide formation (2bid., 1915, 36, 97). It 
is generally accepted that, in the process of addition, the amino-group attaches itself to 
the carbon atom more remote from the ester group. 

Reactions between amines and unsaturated compounds containing halogen attached 
to an ethylenic carbon atom do not appear to have been investigated to any extent. 
Ammonia and vinyl chloride (or bromide) in alcoholic solution react only at 150—160° 
with the production of ethylenediamine (Engel, Compt. rend., 1887, 104, 1621). Ethyl 
8-chlorocrotonate reacts with phenylhydrazine, halogen and ethyl alcohol being eliminated 
and ring closure occurring (Autenrieth, Ber., 1896, 29, 1653). 

In an attempt to prepare ethyl a-dimethylaminocrotonate, ethyl «-chlorocrotonate was 
treated with an alcoholic solution of dimethylamine. A vigorous reaction took place at 
ordinary temperature, considerable heat being evolved. With 2 mols. of dimethylamine 
about 85—90°%, of the total halogen was replaced in 24 hours at room temperature, and 
with 3 mols. all the halogen was replaced within one hour at room temperature. In both 
instances the product was ethyl «-bis(dimethylamino) butyrate. 

The nature of this reaction is not in agreement with Philippi’s generalisations that 
negative substituents hinder addition and that an amino-group already attached to a 
doubly linked carbon atom entirely prevents the further addition of a like group (Philippi 
and Spenner, Monatsh., 1915, 36, 97). It is not possible to state which reaction takes 
place first—replacement of chlorine or addition to the double bond—but in either case 
the generalisation fails. It is interesting that the reaction should take place so readily, 
since, in general, addition of ammonia (or amines) to an unsaturated compound involves 
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heating under pressure at a high temperature (cf., however, slow addition at ordinary 
temperatures, Morsch, ibid., 1932, 60, 50). 


EXPERIMENTAL. 


Ethyl a-Chlorocrotonate.—a-Chlorocrotonic acid was prepared from butylchloral hydrate and 
potassium ferrocyanide (Wallach, Ber., 1877, 10, 1530) and had m. p. 99° (Wislicenus, Annalen, 
1888, 248, 293, gives 99-2°). The acid was esterified by refluxing for 3 hours with either (i) 
absolute alcohol saturated with dry hydrogen chloride or (ii) 98% alcohol containing 10% by 
volume of concentrated sulphuric acid, which gave a better yield. The ester, b.p. 174—176° 
(corr.) (Perkin, J., 1894, 65, 424, gives 175—176°, corr.), was isolated in the usual way in either 
case. 

Reaction between Ethyl a-Chlorocrotonate and Dimethylamine.—(i) 2 Mols. of base. 2-58 G. 
of the ester were mixed with 4-94 g. of 33% w/w solution of dimethylamine in absolute alcohol 
in a loosely corked graduated test-tube, giving a total volume of 8-9 c.c. In 5—10 minutes 
much heat was developed and the mixture*was cooled under the tap. At intervals, 0-3 c.c. of 
the mixture was abstracted (by means of a 1 c.c. pipette graduated in 0-1 c.c.) and added to 
10 c.c. of dilute nitric acid. The ionisable chlorine was then determined by back-titration in 


the usual way. 


Time Of reactiom, BEG. ..cccciccsccccscscesecccodacvaces 4 3 24 
PUN-RAOg CB. sec. ccccevrveceveosesevssouveecsconsess 4°85 4°95 5°20 
Colerine GUBOOE, Mocs vsesnrscccesecccssvesescsscoeses 83 84 89 


(ii) 3 Mols. of base. 2-38 G. of ester were mixed with 6-66 g. of a solution of the base, as 
described above, giving a volume of 10-8 c.c. After 1 hour 0-4 c.c. of the reaction mixture 
contained 0-0217 g. of ionisable chlorine (Calc. for ester present: 0-0210 g.). 

Ethyl aB-Bis(dimethylamino)butyrate.—14-85 G. of ethyl «-chlorocrotonate were mixed with 
40-5 g. (ca. 3 mols.) of dimethylamine solution (as described above) in a 250 c.c. loosely corked 
R.B. flask. In 10 minutes the temperature rose to about 60°, but a slight diminution in 
pressure was observed. The mixture was left for 1 hour, neutralised with concentrated hydro- 
chloric acid to litmus, and the bulk of the alcohol (25 c.c.) distilled off on a water-bath. The 
mixture was cooled and dissolved in 100 c.c. of water. The aqueous solution was made 
distinctly acid with concentrated hydrochloric acid and extracted with ether (25 c.c. + 20 c.c.). 
Ice and a large excess of cold 33% sodium hydroxide solution were added; the brown oil which 
rose to the surface was separated, and the aqueous portion, after addition of more alkali, was 
extracted with ether (30 c.c. + 25 c.c.). The separated oil was dissolved in the ethereal 
extracts, which were washed with water (20 c.c. + 20 c.c.), dried (sodium sulphate), and the 
solvent evaporated. The residue was distilled in a vacuum (yield 11 g.). 

Ethyl aB-bis(dimethylamino)butyrate is a colourless oil, of faint unpleasant odour, b. p. 
89°/3 mm., 91°/6 mm., very sparingly soluble in water (Found: C, 58-8; H, 11-0; N, 14-0, 
14:1. Cy gH,,0,N, requires C, 59-3; H, 11-0; N,13-9%). Its picrate (from a saturated alcoholic 
solution of picric acid and a 50% alcoholic solution of the ester) formed bright yellow prisms, 
m. p. 147°. Its platinichloride crystallised in small, orange-coloured, hexagonal plates, m. p. 
¥80° (decomp.) (Found: Pt, 31-5. Ci 9H,,0,N,,H,PtCl, requires Pt, 31-9%). 

Monohydrochloride. The ester was dissolved in 3 vols. of dry ether and dry hydrogen chloride 
was passed through the solution. The crystals were filtered off, washed with dry ether, dissolved 
in absolute alcohol, and reprecipitated by addition of dry ether. Small colourless prisms 
were obtained, which were filtered off, washed with dry ether, and dried in a vacuum over 
concentrated sulphuric acid, m.p. 117° (Found: Cl, 15-1, 15-0. C, ,H,,0,N,,HCl requires 
Cl, 14:9%). 

In view of the possibility of amide formation it was thought necessary to establish con- 
clusively the presence of the carbethoxy-group. 1 G. of the product was therefore hydrolysed 
with dilute sulphuric acid, the mixture fractionated, and the distillate oxidised with chromic 
acid. The presence of acetaldehyde was established by preparation of its 2 : 4-dinitrophenyl- 
hydrazone (m. p. and mixed m. p.). 

All attempts to prepare a dimethiodide of the base failed. On treatment with methyl 
iodide in methyl]-alcoholic solution, the base yields a mixture containing tetramethylammonium 
iodide (Found: I, 62-7. Calc.: I, 63-2%). If the base undergoes with methyl iodide a 
reaction similar to that of ethylenediamine, as appears probable, it may be possible to obtain 
piperazine derivatives. Investigations on this point are proceeding. 

University CoLLEGE, NOTTINGHAM, [Received, May 29th, 1936.] 
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249. The Solubility of Non-electrolytes. Part III. The Entropy 
of Hydration. 


By J. A. V. BuTLerR and W. S. REID. 


It has been shown in previous papers (J., 1935, 280, 952) that the free energy of hydration 
of aliphatic compounds, evaluated as AF = RT log p/N, is to a considerable extent an 
additive property of the various groups in the molecule, indicating some kind of additive 
interaction between the parts of the molecule and the surrounding water. In the discussion 
of these data it was assumed provisionally that the heats of hydration of a series of com- 
pounds run parallel with the free energies of hydration, 7.e., that the entropies of hydration 
are not significantly different. An examination of the existing data, and some new measure- 
ments, shows that this is not the case, and it appears that the variation of the entropy of 
hydration is a predominant factor in determining the free energies of a series of similar 
compounds. 

The heat of hydration which corresponds to the free energy given above is AH = H° — 
H,°, where H° is the partial heat content of the solute in an infinitely dilute solution and 
H,° its heat content in the vapour at 1 mm. pressure. This can be determined practically 
as AH = Q — i, where Q is the heat of solution of the solute as pure liquid or solid in an 
infinitely dilute solution, and 4 its heat of vaporisation at the same temperature. These 
data for a number of compounds, obtained in most cases from 1.C.T., Vol. V, are given in 
Table I, together with the values of AF recorded in the previous papers. It can be seen 
that, as the number of CH, groups in a homologous series increases, the changes of AF 
and AH, instead of being parallel as was anticipated, are in the opposite directions. The 
entropy of hydration, which is given by AS = (AH — AF)/T, therefore increases numeric- 
ally by a considerable amount between one compound and its immediate homologue. 

The entropy of hydration can also be obtained from the temperature coefficient of the 
free energy, by d(AF)/dT = — AS. In order to extend the table, which was very incom- 
plete in its original form, AS has been obtained for a number of compounds by determining 
AF at 25° and 35°. These results are marked * in the table. 


TABLE I. 


Entropy of Hydration of some Aliphatic Compounds:t 
A. Aliphatic alcohols. 

Oss- Ass: —AHg;. AF;;.- AFs;;- -T.AS. 
9°24 11°24 3°09 14°33 
10°33 12°88 3°19 16°07 
11°37 14°42 3°38 17°80 
9°68 13°45 3°45 16°90 
12°63 _ 3°49 _ 
12°34 15°24 3°68 18°92 
12-00 — 3°59 ‘ oo 
11-20 14°44 3°69 18:13 
13°60 _— 3°73 ‘ = 
11-96 —_ 3°77 ; — 


B. Other compounds. 
Ethylamine , 6°58 12°91 3°58 —_ 16°49 
Ethyl acetate ; 8°64 11°71 511 — 16°82 
7°58 10-09 4°29 14°38 48 
—_— _ 4:29 — 48 
23°22 24°73 —1-01 — 23°72 80 
_ —_ ~—101 —021 —_ 80 
7°64 9°84 7:14 —_ 16°98 57 


¢ Units in all columns except the last are kg.-cals.; AS is in cals./degree. 


4°76 


The solubility of gases is often expressed by the Ostwald coefficient y = ¢%/c,, where 
¢, and ¢, are the concentrations in mols./c.c. im the liquid and the vapour. In these units 
the free energy of hydration is AF, = — RT log y, and since for sufficiently dilute solutions 
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p/N = 1-7082 x 10’Td/273-1M,, where M, is the molecular weight and d the density of 
the solvent, it follows that the entropy of solution when these units of concentration are 
used is greater than that on the p/N system by 29-4 units at 25°, t.e., ASip,y, + 29-4 = 
AS... Table II gives the entropy of solution of a number of gases calculated from the 


solubility data. 
TABLE II. 


Entropy of Hydration of some Gases (tn cals./degree at ca. 25°). 


—AS(p;x)- 
40°0 ! (38°6) ? 
42°0 1 (39-4) ? 
43°41 (43°1) 2 
45°5 } 


1 From Valentiner’s interpolation formule (Z. Physik, 1927, 42, 253). 
2 Data from Lannung (J. Amer. Chem. Soc., 1930, 52, 73). 
% Remainder from I.C.T., Vol. IV. 


EXPERIMENTAL. 


The methods used for the determination of the temperature coefficient of p/N were similar 
to those previously described, but a more efficient six-bulb bubbler was employed to saturate 
the gas. The experimental figures are given in Table III, where N is the.molar fraction of the 
solute in the original solution and x its weight % in the condensate. The measurements at 25° 
were repeated to secure uniformity with those at 35° and, except in the case of glycerol, are in 
good agreement with the figures recorded previously. 


TABLE III. 


Temperature Coefficients of the Partial Pressures. 


T = 28°. T = 35°. 
p/N. AF;;, mean. p/N. AF;;, mean. — AS. 
359 861 
360 863 
366 3490 866 4145 65 
427 
425 
425 3590 
541 
537 
549 3730 
581 


N x 10°. 
n-Butyl 1-108 
alcohol 1-108 
0°863 
sec.-Butyl 0°821 
alcohol 0°821 
0°821 
n-Amyl 0°413 
alcohol 0°413 
0°397 
tert.-Amyl 1-087 
alcohol 1-087 578 
1:087 577 3770 
Acetone 0°822 13°3 1380 
0°822 13°1 1360 
0°822 13°5 1400 4290 
Glycerol 10°74 0°042 0°182 
10°74 0°040 0°173 
10°74 0°043 0°188 —1010 
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DISCUSSION. 


On the whole, the entropies of solution are strikingly independent of the chemical 
nature of the solute. This can be illustrated by the following examples : 


C,H. CH,’OH. CH,Cl. 


—AH. AF. —AS. "-AH. AF. -AS. ‘AH. AD....... male 
4°43 10°05 49 11:24 = 3-09 48 6-30 7-65 po 











Methyl alcohol, ethane, and methyl chloride all have nearly the same entropy of solution 
although their heats of solution and solubilities differ greatly. Although there do appear 
to be some minor constitutive effects, the entropy of solution seems to be mainly a function 
of the size of the solute molecule; ¢.g., in the inert gases the entropy of solution increases 
from helium to radon. In a homologous series there is an increase of about 5 units in 
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— AS for each additional CH, group. This has a most important effect on the solubility 
of these compounds. If the entropy were a constant, the solubility of the vapour (N/p) 
would be determined by the heat of solution and would increase as the number of carbon 
atoms increased. The decrease in this ratio, which actually occurs and is one of the factors 
which produce the steady decrease of solubility of the /iguid in going up the series, is due to 
this property of the entropy. 

The origin of this effect is not obvious. If the entropy change on solution depends 
mainly on the size of the solute molecule it is reasonable to suppose that it is associated with 
the size of the cavity in the water which is required to hold it. Water is an abnormal 
liquid and its entropy of vaporisation is about 5 units less than that of a liquid which obey’s 
Trouton’s rule. This difference is due to orientational effects. Now at first sight we might 
expect that the introduction of solute molecules would tend to upset the orientation of the 
water molecules and therefore cause an increase in their entropy which might well be 
proportional to the size of the solute molecule. If this were the case the partial entropy 
of the solute in aqueous solution would be greater than its normal entropy in the dissolved 
state, and the decrease of entropy on solution would diminish as the size of the solute 
molecule increased. ’ 

This argument is, however, fallacious. The entropy of a system is a measure of the 
number of possible configurations having the given entropy, #.e., of the probability of the 
given state. The entropy of water is abnormally low because the average energy at a 
given temperature corresponds to a certain degree of orientation, which decreases the 
probability of this state. The presence of molecular cavities within the liquid may also 
make the degree of orientation, which is required by the average energy, more improbable 
and therefore decrease the entropy. The partial entropy of the solute will then be abnorm- 
ally low. The observed effect can thus be accounted for on the hypothesis that the solute 
molecules have a disorientating influence on the water, which increases with the size of the 
solute molecules. But it is important to notice that what is postulated is not so much an 
actual decrease in orientation, which would influence the energy of solution, as in the prob- 
ability of an orientated state. If these conclusions are correct, the partial entropies of 
solutes in other “‘ associated ”’ liquids should also be abnormally small. 


SUMMARY. 


The entropies of hydration of a number of substances have been calculated from the 
heats and free energies of hydration, or determined from the temperature coefficient of the 
free energy. This quantity is little influenced by the constitution of the solute molecule, 
but it appears to be mainly dependent onits size. It is suggested that the solute molecules 
have a disorientating effect on water, increasing with their size, which gives the solute an 
abnormally low partial entropy in the solution. 


Krinc’s Bur_pincs. West Mains Roap, EDINBURGH. (Received, June 25th, 1936.] 





250. Aliphatic Substitution and the Walden Inversion. Part II. 
By E. D. HuGues, F. Jutiuspurcer, A. D. Scott, B. TopLey, and J. WEIss. 


In Part I (J., 1935, 1525) it was shown that, when d-sec.-octyl iodide is racemised by sodium 
iodide in acetone solution, the inversion process involved is also the process of substitution 
of iodine by iodine. This result is in accord with a theory of aliphatic substitution developed 
by various authors (see Part I, loc. cit. ; also Bergmann, Polanyi, and Szabo, Trans. Faraday 
Soc., 1936, 82, 843). In principle, the method consisted of a direct comparison of the rate 
of substitution (followed by means of a radioactive halogen indicator) with the rate of 
optical inversion in a solution of the same composition; the two rates agreed within the 
error of the substitution measurements. 

A similar comparison has now been made for the analogous reaction between d-«-phenyl- 
ethyl bromide and lithium bromide in anhydrous acetone solution. The experimental 

4F 
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procedures were similar, and the method of calculating the results was the same, as described 
in Part I. 
EXPERIMENTAL. 


The Racemisation. (By E. D. HuGcues and A. D. Scotrr.)—The rate of racemisation of d-a- 
phenylethyl bromide has not been previously measured. No change in rotation could be 
detected in acetone solution in the time necessary and under the conditions employed. Under 
the influence of lithium bromide, however, racemisation took place rapidly and completely, 
the product being v-«-phenylethyl bromide. The lithium bromide concentration does not change 
during the racemisation, and the reaction is formally of the first order. The first-order constant 
increases with the lithium bromide concentration but notably less than linearly (cf. Part I). We 
have made measurements at three different temperatures. The Arrhenius equation takes the 
form log, & = 21-27 — 17,100/RT. The results are summarised in Table I as second-order 
velocity constants calculated from the expression k = (2-303/2B?).log,9%/«,, where B is the 
molar concentration of lithium bromide and a and «, are respectively the rotations initially and 
after reaction for ¢ seconds. 


TABLE I. 


Expt. Temp. B. k x 10°. Expt. Temp. B. k x 10°. 


l and 2 30°2° 0-200 0°795 5 and 6 40°45° 0-198 2°00 
3 and 4 30°2 0°102 0°963 7 152 0°204 0-180 


Preparation of r-a-Phenylethyl Bromide.—A benzene solution (500 c.c.) of r-«-phenylethyl 
alcohol (100 g.; prepared from phenylmagnesium bromide and acetaldehyde) was cooled, and 
slowly saturated with hydrogen bromide. Reaction took place rapidly, as shown by the appear- 
ance of cloudiness followed by separation into two clear layers. The benzene layer was separated 
from the water and dried over anhydrous sodium sulphate. The solvent was removed in a 
vacuum below 35°, and the bromide was finally distilled from a little anhydrous potassium 
carbonate; b. p. 88°/12 mm.; yield almost quantitative (Found: C, 52-0; H, 5-0; Br, 42-8. 
Calc. : C, 51-9; H, 4-9; Br, 43-2%). 

d-a-Phenylethyl bromide was prepared from /-«-phenylethyl alcohol (Pickard and Kenyon, 
J., 1911, 99, 45; Houssa and Kenyon, J., 1930, 2260; Ott, Ber., 1928, 61, 2139) as described 
above. The alcohol used had [«]?” — 37-4°; the bromide obtained had [a]?” + 12-6°. 
Holmberg (Ber., 1912, 45, 997) obtained a dextrorotatory bromide (ai + 1-50°) by the 
action of phosphorus pentabromide on a levorotatory alcohol («}7° — 4-40°) in ethereal solution. 
The same author observed complete racemisation when an active alcohol was treated with 
hydrogen bromide in the absence of a solvent. It is not clear whether the rotations recorded are 
specific rotations. 

The purification of materials and the method employed in the racemisation experiments were 
as described in Part I. 

In Table II, A is the molar concentration of organic bromide and N, is the total rate of in- 
version (in mols. /l./sec.) calculated by means of the equation N; = (A /2¢) . log,a,/a. The signific- 
ance of the other terms has already been defined. Two experiments are given in detail, and the 
results of the other five are summarised. 


TABLE II. 


Expt. 1. Temp., 30°2°; Expt. 2. Temp. 30°2°; 
A = 0200; B = 0200. A = 0200; B = 0'200. 

a. N,x105. t. a N,x10°. , a N,xX105. te a N,x10°. 
0°645° = 1645 0°385° 3:14 0°645° — 1663 0°380° 3:19 
0°565 3°20 1808 0°370 3°08 0°585 3°26 1862 0-360 3°14 
0530 3°20 1867 0360 3:13 0510 3:07 1915 0350 3:20 
0475 3°27 2006 0340 3:20 0490 3:12 2199 0330 3°05 
0435 3:30 2195 0320 3:20 0-470 =. 320 2390 0310 3°07 
0405 3°24 2360 0300 3°26 0445 3:25 2575 0290 3-11 

Mean 3:20 0°415 3°27 3175 0265 3:19 
0405 3:16 Mean 3°16 


N, x 105 Ny X 105 
Temp. A. B. (mean). . Temp. A, ° (mean). 
30°2° 0°200 0°102 1:98 40°45° «197 0°198 7°94 
30°2 0-200 0°102 1°95 15-2 0201 0-204 0°740 
40°45 0°197 0°198 7°64 J 
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The Substitution (Exchange) Reaction. (By F. JULIUSBURGER, B. ToPLEy and J. WEIss.)— 
The apparatus was as already described (Part I, Joc. cit.), Solutions of lithium bromide and 
dl-x-phenylethyl bromide in acetone were mixed at 30-2°, the mixture being 0:2M with respect 
to each reactant. It was verified by special experiments that the hydrolysis of the organic 
bromide could be kept below 1% if the water used for precipitating it from the acetone solution 
at the end of the reaction period (21 minutes) and for washing the carbon tetrachloride layer was 
ice-cold. The precipitate produced by warming the organic bromide solution with alcoholic 
silver nitrate contained, besides silver bromide, a certain amount of a solid organic substance 
(? silver benzoate), which was destroyed by heating for } hour with fuming nitric acid. The 
samples of silver bromide from the lithium bromide and from the organic bromide were heated 
to incipient fusion and finely ground before comparison of their activities on the Geiger—Miiller 


counter. 
The results, calculated by equation (4) of Part I, are given below, N, being the éofal rate of the 


reversible substitution, expressed in mols. /1./sec. 


2 3 4 5 6 7 Mean 
3°06 3°28 3°99 4°03 3°70 2°84 3°49 + 0°37 


Discussion.—The absolute rate of the inversion is N; = 3-18 (+ 0-05) x 10-5 at 30-2° 
and in a solution 0-2M with respect toeach reactant. This agrees, within the experimental 
error of the radioactive method, with the absolute rate of the substitution reaction at the 
same temperature and concentrations of reactants, and we conclude that all, or at least 
90% of, the molecular acts of substitution lead to stereochemical inversion in this reaction. 


SUMMARY. 


By means of the radioactive bromine isotope, the velocity in acetone solution of the 
substitution of bromine for bromine in «-phenylethyl bromide has been compared with the 
rate of racemisation of the d-bromide by lithium bromide under identical conditions. The 
absolute rates of the two processes are the same within the experimental uncertainty of 
10%. The temperature coefficient of the inversion has been determined. 


UNIVERSITY COLLEGE, LONDON. (Received, June 17th, 1936.] 





251. Studies in Dielectric Polarisation. Part XVII. The Dipole 
Moments of Some Aromatic Acid Halides. 


By GEorGE T. O. MARTIN and JAMES R. PARTINGTON. 


In Part XVI (this vol., p. 158) the dipole moments of some aliphatic acid halides were 
recorded. The work has now been extended to the aromatic series, the following com- 
pounds having been investigated (values of moment in Debye units in benzene solution 
at 20°) : 

Benzoyl! chloride } p-Nitrobenzoyl chloride 

Phenylacety! chloride . 3 : 5-Dinitrobenzoyl chloride 


p-Chlorobenzoyl chloride . p-Toluoyl chloride 
p-Bromobenzoyl chloride , Benzoyl bromide 


The first result of interest is that the moment of benzoyl chloride (3-33) is very much 
larger than that of acetyl chloride (2-45) or of propionyl chloride (2-61, both in benzene 
solution, Part XVI, loc. cit.). Nespital (Z. physikal. Chem., 1932, B, 16, 178, footnote) 
gives P,,, for benzoyl chloride in benzene solution as 270 c.c., which agrees with the 
value 271-5 c.c. now found, but he assumes the value 50 c.c. for Py , ,, whilst we have 
found P,, to be 37-1 c.c. Nespital thus obtains the incorrect value of 3-23 for the moment 
of benzoyl chloride. Since the sign of the COC] moment is negative, the difference between 
the aromatic and aliphatic group moments is therefore negative, which is in agreement 
with the well-known meta-directing properties of the group. In this respect COCI 
resembles the CHO group, the moment of benzaldehyde, 2-75 (Williams, Physikal. Z., 





1176 Martin and Partington : 


1928, 29, 683), being greater than that of propaldehyde, 2-04 (Herold and Wolf, Z. phystkal. 
Chem., 1930, B, 12, 170; both in benzene solution). 

The moment of phenylacetyl chloride would be expected to be much less than that of 
benzoyl chloride. It is actually found to be between those of acetyl and propiony] chlorides. 
A comparison of the moments of some methyl, ethyl, and benzyl compounds (all in benzene 
solution) is made in the following table : 


Methyl. Ethyl. Benzyl. 

3°44 1 3°57 ! 3°47 2 

1-673 1-91 (C,H,) ¢ 1-845 

2°45 § 2°61 ° 2°54 7 
1 Cowley and Partington, J., 1935, 604. 2 Smyth and Walls, J. Amer. Chem. Soc., 1932, 54, 
1860. 3 Calculated from the results of Morgan and Lowry, J]. Physical Chem., 1930, 34, 2385. 
* Calculated from the results of Miiller, Physikal. Z., 1933, 34, 701. 5 Parts, Z. physikal. Chem., 

1931, B, 12, 323. ® Part XVI, Joc. cit. 7 Present work. 


In all three cases the value of the moment of the benzyl compound lies between those 
of the methyl and ethyl compounds. 

The moments of the #-substituted benzoyl chlorides can be calculated by simple vector 
addition, since rotation of the COCI group about the bond joining it to the ring cannot 
alter the value of the resultant moment. For 3 : 5-dinitrobenzoyl chloride the same argu- 
ment holds, since the resultant moment of the two nitro-groups acts in the same direction 
as the moment of a single group in the para-position. 

The moment of benzoyl chloride can be considered to be made up of the moment of 
the COCI group (taken as 2-61, the value for the aliphatic series; Part XVI, loc. cit.) acting 
at 16° to the line joining the group to the ring, and an “ electromeric ’”’ moment acting in 
the direction of the line joining the para-positions. From the value 3-33 for the resultant, 
the value 2-61 for the COC] moment, and the angle 16°, solving the vector triangle gives a 
value 0-92 for the “‘ electromeric ”” moment, and an angle 12° 29’ to the line joining the 
para-positions for the direction of the resultant moment. 

From this it can be found whether there is any “‘ interaction ’’ moment in the p-sub- 
stituted benzoyl chlorides. From the moment of benzoyl chloride and that of a p-sub- 
stituted compound, the component acting in the #-position is calculated, and the result 
compared with the moment of the group substituted in the p-position. These are taken as 
the values for the corresponding phenyl compounds, measured in benzene solution. The 
values, taken from the ‘‘ Tabie of Dipole Moments ” (Trans. Faraday Soc., 1934, Appendix), 
and usually obtained by several different workers, are as given in the table below in 
column B. The values calculated for the moment acting in the #-position (A) and the 
corresponding ‘‘ interaction” moments (C) are also given in the table, the “‘ interaction ” 
moment being taken as positive when it acts towards the COC] group. 


Compound. . B. C. 
p-Chlorobenzoyl chloride g 1-56 +0°18 
p-Bromobenzoyl chloride , 1°53 +0°18 
p-Nitrobenzoyl chloride , 3°96 —0°15 
p-Toluoyl chloride ‘ 0°40 +0°09 


A similar calculation for 3 : 5-dinitrobenzoyl chloride gives a value of —0-25 or — 0-43, 
according to whether the group moment is taken as that of nitrobenzene (3-96) or of 
m-dinitrobenzene (3-78). In this compound the nitro-groups are in meta-positions to the 
COCI group so that no definite conclusion can be reached, but it is interesting to note that 
the ‘‘ interaction ’’ moment has the same sign as in the f-nitro-compound. For the four 
compounds given in the table, the “‘ interaction ’’ moments are all small, but while that 
for the methyl group is less than those for the halogens, the “‘ interaction ’’ moment for 
the nitro-group is opposite in sign. The result for benzoyl bromide may be slightly in 
error on account of the pronounced action which this compound had on the silver plates 
of the dielectric cell, even in very dilute solution. 
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EXPERIMENTAL. 


The apparatus and method of calculation were the same as described previously (Part XVI, 
loc. cit.). In connexion with the results described in Part XII and subsequent papers of this 
series, it should be noted that the values of the dielectric constants are given only to 4 significant 
figures, which, for the values used, correspond to an accuracy of about 0-025—0-04%. The 
capacities measured by the apparatus used by us, which is as accurate as any at present in use 
for the measurement of the dielectric constants of solutions, are accurate to +0-02 yuF, which 
corresponds to 0-04% for a capacity of 50 yuF and 0-01% for a capacity of 200 uuF. Since 
the dielectric constant is obtained from values for two capacities, it involves the errors of both 
measurements, and thus cannot be of greater accuracy than either. Results for high dielectric 
constants given to the same number of figures as smaller ones must be accepted with caution, 
since the measurement involves the use of a dielectric cell of much smaller capacity, causing a 
considerable reduction of accuracy if the same standard variable condenser is used. 

Benzoyl chloride, phenylacetyl chloride, and benzoyl bromide were obtained from Kahl- 
baum; all the other compounds were from Fraenkel and Landau, except p-nitrobenzoyl 
chloride, obtained from Schuchardt. 

Phenylacetyl chloride was fractionated under reduced pressure. Benzoyl chloride and 
bromide were fractionated at atmospheric pressure, and p-chlorobenzoy] and -toluoyl] chlorides 
under reduced pressure, all these four compounds then being fractionally frozen. »-Bromo- 
and p-nitro-benzoyl chlorides were twice distilled in a vacuum and twice crystallised from 
light petroleum. 3: 5-Dinitrobenzoyl chloride was twice distilled under reduced pressure and 
twice crystallised from carbon disulphide. The crystals were then heated just below the m. p. 
in a vacuum desiccator for several hours, being powdered from time to time. In this way 
crystals melting at 71° were obtained. This compound crystallises with the solvent, the 
product obtained by crystallising from benzene melting at 52° after drying at ordinary tem- 
perature. 

The benzene used was the same as before. 

The physical constants of the compounds were as follows : 


Compound. B. p. M. p. Di’. n>. [Ry]. 
Benzoyl chloride 197°3°/754 mm. —0°5° 1°2113 1:5536 37°14 
Phenylacetyl chloride 105°1/23 1°1685 1+5333 41-06 
p-Chlorobenzoyl chloride 99°6/11 P 1:3621 1-5790 42°72 
p-Bromobenzoy] chloride “5 / —_ _ 44:90 
p-Nitrobenzoyl chloride *1/ : — —_ 43°29 


3 : 5-Dinitrobenzoyl chloride _ —_ 50°56 
-Toluoyl chloride “7/ . 1-1686 1-5449 41-80 
nzoyl bromide : 1-5461 1-5900 40°37 


The refractivities of p-bromo-, p-nitro-, and 3 : 5-dinitro-benzoy] chlorides were calculated 
from those of benzoyl chloride and the substituted groups. 

The following figures are available for comparison : 

Benzoyl chloride: b. p. 197-2°/760 mm. (Perkin, J., 1896, 69, 1205); m. p. — 1° (Lieben, 
Annalen, 1875, 178, 43); D2" 1-2122, n2° 1-5537 (Briihl, ibid., 1886, 235, 11); D%?* 1-2105, 
nw* 1-5538 (von Auwers and Schmidt, Ber., 1913, 46, 482); b. p. 197-9°, m. p. — 0-6°, n?”° 
1-5535 (Smyth and Kamerling, J. Amer. Chem. Soc., 1933, 55, 463). Phenylacetyl chloride : 
b. p. 104—105°/23 mm. (Schott, Ber., 1896, 29, 1986); D3?" 1-1682 (Anschiitz and Berns, idid., 
1887, 20, 1390). »-Chlorobenzoyl chloride: b. p. 111-5°/18 mm. (Montagne, Rec. trav. chim., 
1900, 19, 61); m. p. 14—16° (Meyer, Monatsh., 1901, 22, 415); D 1-377 (Emmerling, Ber., 
1875, 8, 881). »~-Bromobenzoyl chloride: b. p. 154—155°/50 mm., m. p. 41° (Sudborough, J., 
1895, 67, 591). p-Nitrobenzoyl chloride: b. p. 154°/12 mm. (Benary, Reiter, and Soenderop, 
Ber., 1917, 50, 72); m. p. 73° (‘‘ Organic Syntheses,’’ Vol. 3, p. 75). 3: 5-Dinitrobenzoyl 
chloride : b. p. 196°/10—12 mm., m. p. 74° (Berend*and Heymann, J. pr. Chem., 1902, 65, 291; 
1904, 69, 455); m. p. 66—68° (Cohen and Armes, J., 1906, 89, 1481). -Toluoyl chloride : 
b. p. 102°/15 mm. (Frankland and Aston, J., 1899, 75, 494); b. p. 95—95-5°/10 mm., m. p. 
— 2° to — 1-5° (van Scherpenzeel, Rec. trav. chim., 1901, 20, 156); D 1-570 (Cahours, Annalen, 
1858, 108, 317). Benzoyl bromide: b. p. 218—219°/760 mm., m. p. 0°, D™® 1-570 (Claisen, 
Ber., 1881, 14, 2473). 

Results.—Solvent, benzene. All measurements at 20°. 
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fe D>. €. Py, c.c. Py, c.c, & D>. €. Pye, CC. Pe, €.C. 
Benzoyl chloride. Phenylacety] chloride. 
0°00000 0°8784 2°276 26°52 —- 0:00000 0°8792 2-280 26°55 os 
0°01386 0°8842 2-502 29°78 262-0 0°01479 0°8855 2°421 28°73 1742 
0°02576 0°8893 2°699 32°39 254°5 0°02675 0°8903 2°534 30°44 172-0 
0°03499 0°8934 2°854 34°29 248°8 0°03867 0°8954 2°646 82°05 168°7 
0°04758 0°8988 3°066 36°76 241°8 0°05114 0°9004 2-760 33°66 165°6 


Pye = 271°5 c.c.; Pg = 87°1 c.c.; p = 3°38. Pyo = 178°0 c.c.; Pg = 41°08 c.c.; wp = 2°54. 


p-Chlorobenzoyl chloride. p-Bromobenzoyl chloride. 
000000 §=608791 =2*279 26°54 — 000000 08792 2°280 26°55 — 
001259 0°8878 2°356 27°79 126°0 001081 0O°8915 2°348 27°68 130°9 
002292 08948 2°405 28°79 124°6 0°02123 09034 2°416 28°76 130°7 
003349 09021 2°481 29°78 123°1 0°03149 09149 2-480 29°79 129°4 
004401 09092 2°543 30°76 122°3 0°04288 09275 2°551 30°91 128-2 


Peo = 127-1 c.c.; Py = 42°7 c.c.; po = 2°00. Pao = 132°0 c.c.; Pg = 44°9 c.c.; p = 2°03. 
p-Nitrobenzoy] chloride. 3 : 5-Dinitrobenzoyl chloride. 
0°00000 8 0°8784 2°276 26°52 —_ 0:00000 0°8789 2-281 26°58 -- 
0°01327 0°8888 2°304 27-09 69° 0°01242 0°8938 2°315 27°25 81-0 
002643 0°8992 2°331 27°65 69° 0°02463 09081 2347 27°92 80°9 
0:03900 O-9091 2°358 28°18 69° 0°03550 09205 2°376 28°52 81-2 
0°05074 0O-9180 2°381 28°71 68° 0°04551 09317 2°403 29°06 81-1 
Pym = 694 c.c.; Pg = 43°3¢,c.; wp = Ill. Pye = 8l-lc.c.; Pg = 50°5 c.c.; p = 1°20. 
p-Toluoyl chloride. Benzoyl bromide. 
000000 0°8790 2°280 26°56 — 000000 08790 2-282 26°58 — 
0°01359 0°8840 2-570 30°74 334°3 0°00706 0°8852 2-401 28°35 277°0 
002654 08899 2-851 34°33 319°7 0701398 0°8914 2°524 30-06 275°8 
003859 0°8947 3111 37°39 307°4 0°02037 = 0°8971 2°635 31°54 270°2 
0°05175 O-9001 3°392 40°42 294°4 0°02602 0°9024 2°737 32°85 267°5 


Pio = 348°6 c.c.; Pe = 41°8 c.c.; wp = 3°81. Pyo2 = 281°4 c.c.; Pg = 40°4 c.c.; p = 3°37. 


SUMMARY. 

The dipole moment of benzoyl chloride has been found to be larger than that of 
propionyl chloride, while that of phenylacetyl chloride is smaller, in agreement with the 
values for other benzyl compounds. The moments found for a number of -substituted 
benzoyl chlorides can be explained by the conclusion regarding the direction of the COCI 
group moment arrived at in Part XVI. 


QuEEN Mary COLLEGE, UNIVERSITY OF LONDON. (Received, May 29th, 1936.) 





252. Studies in Dielectric Polarisation. Part XVIII. The Dipole 
Moments of the Chlorides of Some Dicarboxylic Acids. 


By GrorGE T. O. MARTIN and JAMES R. PARTINGTON. 


SINCE both the magnitude and direction of the COC] group moment have been exactly 
determined (Part XVI, this vol,, p. 158) from the moment of acetyl chloride and of trichloro- 
acetyl chloride, it was considered that a determination of the moments of compounds 
containing two of these groups would be of interest in relation to the configuration of the 
carbon chains in aliphatic compounds and the possibility of free rotation about the C—C 
bonds. The possibility of isomerism in some of these compounds might also be decided. 

The moments of oxalyl, malonyl, and succinyl chlorides have therefore been measured 
in benzene solution. It is known that substances such as dichloroethane, in which rotation 
of polar groups can occur, have large dipole moments when measured in benzene solution 
(Meyer, Z. physikal. Chem., 1930, B, 8, 27; Miiller, Phystkal. Z., 1933, 34,709; Stearn and 
Smyth, ]. Amer. Chem. Soc., 1934, 56, 1667). The moment of dichloroethane in benzene is 
larger than that found for the vapour, and indicates considerable deviation from the trans- 
position. The result for the moment of oxalyl chloride in benzene solution does not appear 
to show such abnormal behaviour, and this probably holds for other -ompounds containing 
the COCI group. 
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For succinyl chloride the possibility of a lactone form arises, but previous physical 
measurements (which are discussed later) have shown that in the liquid this form does not 
exist. Phthalyl chloride, on the other hand, is known to exist in two forms, a stable form, 
m. p. 13°, and an unstable form, m. p. 88-5°. From both chemical and physical evidence 
it has been concluded that the solid form is the asymmetric one, while the low-m. p. form is 
symmetrical. - The dipole moment of the symmetrical (acyclic) form has now been meas- 
ured and it is proved that the liquid form has the symmetrical formula; since the prepar- 
ation of the asymmetric form in a pure state is a difficult and somewhat lengthy operation, 
its dipole moment was not measured. 

The values of the dipole moments found are as follows (all in Debye units in benzene 
solution at 20°) : 

Oxalyl chloride , Succinyl chloride 
Malonyl chloride : s-Phthalyl chloride 

The moment of oxalyl chloride is small, as would be expected if it has a symmetrical 
structure. If each COC] group is assumed to have a moment of 2:45 (the moment of acetyl 
chloride in benzene solution) acting at an angle of 16° to the direction of the C—C axis, 
then the following values of the moment can be calculated : 

Molecule fixed with O atoms in évans-position 
s- ; 
Free rotation about C—C bond r 
The value for free rotation is calculated by the method described by Zahn (Physikal. Z., 
1932, 33,400). The observed value of 0-92 can therefore be explained by either free rotation 
or oscillation about the stable trans-position. 

Froschl, Maier, and Heuberger (Monatsh., 1932, 59, 256) examined the compounds 
formed by reduction of oxalyl, malonyl, and succinyl chlorides, and concluded that whereas 
malonyl chloride has the normal structure, oxalyl chloride has an unsymmetrical structure 
and succinyl] chloride consists of a tautomeric mixture of two forms with normal and 
lactone structures. From oxalyl chloride neither glyoxal nor glyoxylic acid could be 


obtained, while the production of carbonyl chloride i: gies that both chlorine atoms were 
attached to the same carbon atom, as in the formula © Cl >C—C=0. It might be supposed 


that the low value of the dipole moment as well as of the dielectric constant of oxalyl chloride 
(3-470; Pyle, Physical Rev., 1931, 38, 1065) would point to the symmetrical structure, but 
the unsymmetrical formula given above would also have a small moment. This can be 


considered as the resultant of the £>0, C—O, and CCl, moments acting at 120° to each 


other, all outwards from the ring. Taking for these the moments of ethylene oxide (1-88, 
Stuart, Z. Physik, 1928, 51, 502), cyclohexanone (2-8 in benzene; Williams, J. Amer. 
Chem, Soc., 1930, 51, 1833), and methylene chloride (1-61 in benzene; Mahanti and Das 
Gupta, J. Indian Chem. Soc., 1929, 6, 411), the resultant is found to be 1-1. Although the 
value observed for the dipole moment in benzene solution, 0-92, is smaller than this, the 
difference is small. The unsymmetrical structure therefore cannot be definitely excluded 
by the value of the dipole moment. In this connexion use can be made of the refractivity. 
If the refractivity of the COCI group is taken as 11-09 for the D line (from the value 16-81 
for acetyl chloride, Part XVI, loc. cit.), the calculated refractivity for oxalyl chloride is 
22-18, while that calculated for the unsymmetrical structure (sum of atomic refractions) 


is 22-56. For epichlorohydrin ae — CH the observed molecular refractivity is 
20-57 (20-56, Briihl, Ber., 1891, 24, a ; 20-58, Walden, Z. physikal. Chem., 1907, 59, 401) 
and the calculated value is 20-37, If the difference of 0-20 is an exaltation due to the it 


ring, it should also be present in the unsymmetrical form of oxalyl chloride, the refractivity 
of which should therefore be 22-76. The observed value 22-25 agrees better with the sym- 
metrical formula, and may be a little high, since the rapid hydrolysis of this compound 
may make the density slightly low. Evidence for the symmetrical formula is also provided 





1180 Martin and Partington : 


by electron-diffraction measurements on the vapour (Wierl, Phystkal. Z., 1930, 31, 366), 
which indicate the existence of molecules with varying Cl—Cl distances, due to intramole- 
cular rotation. The physical evidence therefore seems to exclude the unsymmetrical 
structure. 

For malony] chloride, rotation could occur about the two C—C bonds, and from a calcul- 
ation by Zahn’s method the results obtained are : free rotation 2-83; fixed, minimum 1-62; 
fixed, maximum 3-86. The observed moment (2-80) is therefore in good agreement with 
that calculated for free rotation of both the COC groups. The introduction of the CH, 
group would be expected to reduce the interaction between them. 

Succinyl chloride was at one time thought to consist of a mixture of the two forms (I) 
and (II). Auger (Bull. Soc. chim., 1888, 49, 345) arrived at this conclusion from an examin- 
ation of its chemical reactions, but, according to Morrell (J., 1914, 105, 1733) all the chemical 


O 
H,C-C<e} 


(I.) Cl 
H,C—C<6 


H 
II.) 
H 


reactions can be explained by the symmetrical formula (I) and there is no reason to believe 
that the form (II) exists. Ott (Annalen, 1912, 392, 245) from molecular volume determin- 
ations, and von Auwers and Schmidt (Ber., 1913, 46, 472) from refractivity measurements, 
concluded that succinyl chloride existed only in the symmetrical form. Garner and 
Sugden (J., 1927, 2877) found the parachor to be in excellent agreement with the value 
calculated for the symmetrical formula, so that it can be assumed that, in the liquid, only 
the symmetrical form (I) exists. 

Calculation of the moment of succinyl chloride by Zahn’s method, assuming free rotation 
about all the bonds, gives a value of 3-28. Since the observed value 3-00 is a little less than 
this, it seems that rotation is not completely free. Gane and Ingold (J., 1931, 2153) from 
calculations based on the dissociation constants of dicarboxylic acids, and Ingold (ibid., 
p. 2170) from the rates of hydrolysis of dicarboxylic esters, concluded that the carbon 
chain has a rigid extended configuration, while Smyth and Walls (J. Chem. Physics, 1933, 1, 
200), from measurement of the moments of a series of polymethylene bromides, concluded 
that the carbon chain was a rigid zig-zag but the polar groups at the ends could rotate. 
For such a structure in succinyl chloride, even if the COC] groups could rotate freely about 
the bonds joining them to the inner carbon atoms, the value of the moment would be the 
same as that calculated for oxalyl chloride, 7.e.,0-95. The large value 3-00 indicates that the 
carbon chain cannot be planar and rigid, and that considerable flexibility, approaching 
completely free rotation, is possible. It must be borne in mind, however, that this result 
may be affected by the solvent. 

The symmetrical structure of succinyl chloride is confirmed by the dipole-moment 
measurement. The lactone form, if it existed, would have a much smaller moment, since 
the C—O and the CCl, moment would oppose each other. If these are taken, as before, 
to be 2-8 and 1-61 then, although they do not act in exactly opposite directions, the resultant 


would probably be about 1-5. If the —>o moment is taken as that of tetrahydrofuran in 


benzene (1-71; Smyth and Walls, J. Amer. Chem. Soc., 1932, 54, 3234), these two moments, 
both acting outwards from the ring at an angle of about 108° to each other, would give a 
resultant of 1-9, which is much less than the observed value 3-00. There is no physical 
evidence to indicate that succinyl chloride exists in the asymmetrical form. 

Phthalyl chloride exists in two forms, a solid form, m. p. 83-5°, and a liquid form, m. p. 
13°. The solid form is considered to have the asymmetric or cyclic structure. In this 
connexion it is interesting to note that phthalyl fluoride exists only in the acyclic form, as 
indicated by parachor measurements and its rate of reaction with isopropyl alcohol and 
aniline (Dann, Davies, Hambly, Paul, and Semmens, J., 1933, 15). Phthalyl bromide 
exists in two forms, which are tautomeric. The cyclic form is solid at ordinary temperature, 
but on melting is converted into the acyclic form, the reverse change occurring slowly on 
cooling. The two can be distinguished by the great difference in their rates of reaction with 
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isopropyl alcohol, while the parachor of the liquid form at a temperature above the m. p. 
indicates that it has the acyclic structure (Davies, Hambly, and Semmens, ibid., p. 1309). 

The molecular refractivity of the liquid phthalyl chloride (Briihl, Annalen, 1886, 235, 
13; von Auwers and Schmidt, loc. cit., p. 483) indicated that it had the symmetrical formula. 
Ott (loc. cit.) discovered the asymmetric form and concluded from molecular volume 
measurements that the liquid form has the symmetrical structure. Pfeiffer (Ber., 1922, 55, 
413) was able, by chemical reactions, to confirm this result, while parachor determinations 
(Garner and Sugden, Joc. cit.) on both forms support this conclusion, although the parachors 
for each compound did not agree exactly with the values calculated for them. 

The large value (5-12) for the dipole moment of the liquid form of phthalyl chloride 
indicates that it has the symmetrical formula, since for the cyclic form a comparatively 
small moment, of the same order as that calculated for the hypothetical lactone form of 
succinyl chloride, would be expected. For the position of minimum moment, with the 
C—O groups directed away from each other, the two COC] moments would act at an angle 
of 92° to each other, giving a resultant of 4-63. The moment of the COCI group in this 
compound is assumed to be the moment of benzoyl chloride in benzene, 3-33 (Part XVII). 
It is generally found that the moment of an o-disubstituted benzene is smaller than that 
calculated by vector addition, an angle of 60° being assumed between the two moments. 
The large value (5-12) for the moment of s.-phthalyl chloride proves conclusively that it 
contains two COC] groups. The fact that it is larger than the calculated value shows that 
some rotation of the COC] groups from the position of minimum moment must occur. 


EXPERIMENTAL. 


The apparatus and method of calculation were the same as in the previous paper. 

Materials.—The benzene used as solvent was the same as that used previously. 

Oxalyl chloride (Kahlbaum) was twice fractionated and fractionally frozen. Malonyl 
chloride (Fraenkel and Landau) was twice fractionated under reduced pressure. Succinyl 
chloride and phthalyl chloride (Kahlbaum) were fractionated under reduced pressure and 
fractionally frozen. 

The physical constants found were as follows : 


Compound. B. p. M. p. De. np . [Rz]p. 
Oxalyl chloride 61:1°/743 mm. —10°0° 1:4785 1°4316 22°25 
Malonyl chloride 53°6/22 _ 1-4509 1-4639 26°79 
Succinyl chloride 78°6/11 17°7 1-3748 1-4683 31°34 
s-Phthalyl chloride 153°3—153°7/22 115—12 1°4060 1-5692 47°31 


Figures for comparison are : 

Oxalyl chloride: b. p. 63-5—64°/763 mm., m. p. — 12° (Staudinger, Ber., 1908, 41, 3563) ; 
Di 1-4884, n}?* 1-434 (von Auwers and Schmidt, ibid., 1913, 46, 477). Malonyl chloride : 
b. p. 53—54°/19 mm., D7?* 1-4505, n??"° 1-462 (idem, ibid.). Succinyl chloride: b. p. 88-8°/19 
mm., D}?** 1-3948, ni°*" 1-473 (idem, ibid.); m. p. 17° (Purvis, Jones, and Tasker, J., 1910, 97, 
2289). s.-Phthalyl chloride: m. p. 11—12° (‘‘ Organic Syntheses,’’ Vol. 11, p. 88); b. p. 
156—157°/23 mm., D}?** 1-4081, ni°* 1-571 (von Auwers and Schmidt, Joc. cit.); D2 1-4089, 
nz” 1-5692 (Briihl, Annalen, 1886, 235, 13). 

Results.—Solvent, benzene. All measurements at 20°. 


Se De’. €. Py_, €.c. Psy, C.c. Ss De. €. Pig, C4. “Py Cie. 
Oxalyl chloride. Malonyl chloride. 
000000 §=0°8791 2°279 26°54 000000 0°8790 2:°277 26°51 — 
0°02149 0-8909 2-299 26°83 ‘ 0°01334 0O°8878  2°424 28°67 188-4 
0°04350 09025 2-319 27°13 , 002344 0°8943 2°537 30°22 185-0 
006521 09150 2-341 27°43 : 0°03596 09027 2-676 32°03 180°0 
008360 0°9255 2-356 27°66 i 004691 0°9099 2°798 33°55 176°6 


Pyo = 40°0 c.c.; Pg = 222 c.c.; p = 0°92. Pyo = 1923 c.c.; Pg = 268 c.c.; p = 2°80. 


Succinyl chloride. s-Phthalyl chloride. 
0°8791 2-279 26°54 — 0°00000 0°8792 2-280 26°55 — 
0°8881 2-472 29°35 216°4 0°01029 0°8879 2-669 31°94 550°4 
0°8970 2°659 31°86 211-1 0°02032 0°8965 3°048 36°47 515°0 
0°9057 2°855 34°33 207-0 0°03037 0°9048 3°431 40°49 485°6 
0°9144 3-038 36°46 200°8 0°04003 0°9128 3°796 43°90 460°0 


Paw = 222'1 c.c.; Pg = 31:3 c.c.; wp = 3°00. Po = 603°0 c.c.; Pp = 473 c.c.; p = 5°12. 
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SUMMARY. 


The dipole moments of oxalyl, malonyl, and succinyl chlorides have been measured, and 
the results discussed in relation to the spatial configuration of the COCI groups. For 
oxalyl and succinyl chlorides the possibility of isomeric ring forms is discussed. The 
dipole moment of the liquid form of phthalyl chloride is shown to confirm its symmetrical 
structure. 


QuEEN Mary COLLEGE, UNIVERSITY OF LONDON. 








(Received, May 29th, 1936.] 
















253. Studies in Dielectric Polarisation. Part XIX. The Dipole 
Moments of Some Aromatic Sulphonyl Chlorides. 


By GeorGE T. O, Martin and JAMEs R. PARTINGTON. 





R O 
THE structure of the sulphony] chlorides ops 0 may be considered as intermediate between 








resemble those of the sulphones rather than that of sulphury] chloride, but a consideration 
of the molecular configuration shows that they are of the order expected. 
Trunel (Compt. rend., 1935, 200, 557, 2186) has recorded the dipole moments of some 








O 
chlorosulphinates R—-O-SS which are isomeric with the sulphonyl chlorides. The 





methyl and ethyl compounds have moments of 2-30 and 2-63 respectively, while the 
moments of the higher members of the series (R = C,H,, CyHy, C,H, 5) are all about 2-70. 
The values of the moments of the tsopropyl and isobutyl compounds are 2-83 and 2-66 
respectively, while the phenyl compound has the smaller moment of 2-43. All these values 
are lower than those observed in the present work for the sulphonyl chlorides, which possess 
two semipolar bonds, in contrast to the single semipolar bond in the chlorosulphinates. 

The values found for the compounds investigated are tabulated below, together with 
those of other similar compounds for comparison (values from “‘A Table of Dipole 
Moments,” Trans. Faraday Soc., 1934; all in benzene solution) : 















Sulphuryl chloride .............cseceeeeees 1°86 *p-Toluenesulphonyl chloride .,.......... 5°01 
*Benzenesulphonyl chloride ............ 4°47 *p-Bromobenzenesulphonyl chloride... 3°23 
Diphenylsulphone ............s.ceseeeeees 514 iphenyl sulphide .......,.s.seeeeeeeeeees 1°50 





* Present work. 


In calculating the moments of the sulphony] chlorides, the sulphur atom is assumed 
to occupy the centre of a regular tetrahedron, at the corners of which the chlorine atom, 
the phenyl group, and the two oxygen atoms are situated. The two S>+O moments 
need not be considered separately since their resultant can be calculated from the moments 
of diphenyl sulphide and diphenylsulphone. It seems reasonable to assume the tetrahedral 
angle between the Ph—S and S—Cl bonds, since the latest value calculated for the valency 
angle of sulphur in aromatic sulphides is close to this, viz., 113° (Hampson and Sutton, 
Trans. Faraday Soc., 1935, 31, 945). With this angle in diphenyl sulphide, the moment of 


the Ph—S link is calculated to be 1-36, That of the 0 group can be found from that of 










diphenyl sulphide and of diphenylsulphone. Since in the latter compound the moment 
of the SO, group acts in the same line as that of the = >s group, it is given by the difference 


between the moments of diphenyl sulphide and diphenylsulphone, 7,e., 5-14 — 1-50 = 3-64. 
To calculate the moment of the S—Cl link the moment of sulphuryl chloride is used. From 


this the moment of the site. group is calculated to be 3-64 — 1-86 = 1-78, and, on the 
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assumption of the tetrahedral angle between the S—Cl bonds, the moment of the S—Cl 
link is found to be 1-54. The moment of benzenesulphonyl chloride can now be regarded 
as made up of three components, due severally to the SO,, Ph—S, and S—Cl moments, 
All these lie in one plane, the Ph—S and S—Cl moments inclined at an angle of 109}° to 
each other and the SO, moment acting at an angle of 125}° to each of them. Vector 
addition of these three moments gives a resultant of 4:26. In view of the uncertainty of the 
angles involved and the neglect of interaction of the moments, this can be considered to be in 
good agreement with the observed value of 4-47. 

Similar calculations can be made for p-toluene- and p-bromobenzene-sulphonyl chlor- 
ides. If the CH;—Ph moment is taken as 0-4 (the moment of toluene), the three com- 
ponent moments are 1-76, 1-54, and 3-64. The calculated moment for p-toluenesulphonyl 
chloride is thus found to be 4-64, as compared with the observed value of 5-01. If the 
value 1-53 (the moment of bromobenzene in benzene solution) is assumed for the Ph—Br 
moment, this cancels the Ph—S moment, leaving a small component in the opposite direction. 
The moment of -bromobenzenesulphony] chloride is therefore given by the resultant of the 
three components 0-17, 1-54, and 3-64, which is calculated to be 2-89, as compared with the 
observed value of 3-23. 

Although the values observed for the moments of all these three compounds are larger 
than those calculated, they are in the correct order, The moment of p-toluenesulphonyl 
chloride is greater than, and that of the #-bromobenzene compound smaller than, the 
moment of benzenesulphony] chloride, 


EXPERIMENTAL. 


Materials.—The benzene used was the same as before. Benzenesulphonyl chloride (Kahl- 
baum) was fractionated under reduced pressure and fractionally frozen. p-Toluenesulphonyl 
chloride (Kahlbaum) was distilled under reduced pressure and crystallised from cyclohexane, 
and p-bromobenzenesulphonyl chloride (Fraenkel and Landau) was distilled in a vacuum and 
crystallised from light petroleum. 

The physical constants found were : 


Sulphony! chloride. B. p. M. p. De". ne”, {Rz)p. 
117-0°/11 mm. 15-7° 1-3781 1-5521 40°98 

p-Toluene 142°6/16 69 — — 45°57 
p-Bromobenzene 77 — — 48°71 


The refractivities of the last two compounds were calculated from that of benzenesulphonyl 
chloride and those of CH; and Br. 

Figures for comparison are : 
Benzenesulphonyl chloride ; b. p. 116-3°/10-7 mm. (Bourgeois, Rec. trav. chim,, 1899, 18, 432) ; 
m. p. 14-5° (Krafft and Roos, Ber., 1892, 25, 2257); D5: 1-3842, D3: 1-3766 (Perkin, J., 1896, 
69, 1205), from which D%* is calculated to be 1-3779. -Toluenesulphonyl chloride: b. p. 
145—146°/15 mm, (Krafft and Roos, /oc. cit.); m. p, 69° (Zincke and Frohneberg, Ber., 1910, 
43, 840). »-Bromobenzenesulphonyl chloride: b. p. 153°/15 mm. (Krafft and Roos, loc. cit.) ; 
m. p. 75—76° (Olivier, Rec. trav. chim., 1914, 33, 91). 

Results.—Solvent, benzene. All measurements at 20°. 


Se D2". €. Py, c.c, Ps, c.c. Se D?". €. Pris c.c. P,, c.c, 
Benzenesulphony] chloride. p-Toluenesulphonyl chloride. 


000000 0°8790 2°281 2667 - — 0:00000 0°8790 2°281 26'57 
0°00706 0°8844 2°490 29°54 447°6 000664 08840 2°524 30°03 
0°01427 08896 2-704 32°36 431°9 001301 08855 2°755 33°03 
0°02107 0°8946 2-909 34°83 418°8 0°01886 0°8925 2-967 35°57 
0°02805 0°8996 3°121 37°21 406-0 002550 0°8972 3212 38:27 


Pio = 463°4c.c.; Pg = 40°9 c.c.; p = 4°47. Py. = 576 c.c.; Pg = 45°6 c.c.; p = 5°01. 


p-Bromobenzenesulphony] chloride. 


000000 08791 2°279 26°56 —_ 0°03267 0°9258  2°785 33°78 248°1 
0°01093 0°8930 2°449 29°11 261°7 004367 0°9411 2°954 35°96 242-1 
002163 09103 2-615 31°49 2551 


Py» = 269°0 c.c.; Pg = 48'7 c.c.; wp = 3°23. 

















1184 Cowley and Partington : 


SUMMARY. 


The dipole moments of benzene-, #-toluene-, and p-bromobenzene-sulphony] chlorides 
have been measured and shown to be in agreement with the calculated values. 


We thank the Chemical Society for a grant and also the University of London for a grant from 
the Dixon Fund, with the aid of which the work described in this and the two preceding papers 


was carried out. 


QUEEN Mary COLLEGE, UNIVERSITY OF LONDON. [Received, May 29th, 1936.] 








254. Studies in Dielectric Polarisation. Part XX. The Dependence of 
Polarisation and Apparent Moment of Nitriles wpon Solvent and 


Temperature. 
By Eric G. CowLEy and JAMES R. PARTINGTON. 


THE influence of the solvent upon the dipole moment is of considerable interest and several 
theories of the effect have been proposed. In order to test the validity of the equations a 
- large number of experimental figures is necessary. The present research has been under- 
taken to investigate two effects : (1) the influence of the dielectric constant of the solvent 
on the polarisation and on the apparent moment at a constant temperature, and (2) the in- 
fluence of a change in temperature, and thus of the dielectric constant, with a particular 
solvent. These two factors were first studied by Miiller (Physikal. Z., 1933, 34, 689; 1934, 
35, 346; Trans. Faraday Soc., 1934, 30, 729) and subsequently by others. 

The present communication describes the measurements of the polarisations and 
apparent moments of propionitrile and benzonitrile in six solvents, viz., hexane, cyclo- 
hexane, carbon tetrachloride, benzene, toluene, and carbon disulphide, at various temper- 
atures. The moments of these two nitriles have been previously determined in solution 
only in benzene. The earlier figures for propionitrile are given in a preceding paper in this 
series (Cowley and Partington, J., 1935, 604), and references to the determinations on benzo- 
nitrile are given in the ‘‘ Table of Dipole Moments ” (Trans. Faraday Soc., 1934, 30, Appen- 
dix, p. 60). The authors (loc. cit.) have already shown that the ethyl compound possesses 
the average moment, 3-57, of the simple aliphatic nitriles, the methyl compound alone 
being different. (Debye units are used here and throughout this paper.) The dipole 
moment of benzonitrile in benzene at 20° is found to be 4-02, slightly higher than the average 
of the values previously reported and also larger than the moment of nitrobenzene, 3-94 
in benzene at 25° (Jenkins, J., 1934, 480). The former compound also possesses the higher 
moment in the vapour state, the values being 4-39 and 4-23 for benzonitrile and nitro- 
benzene respectively (Groves and Sugden, 1bid., p. 1094). 

We have found that all the polarisation values measured in solution for propionitrile 
and benzonitrile are smaller than the vapour values for these compounds at the same tem- 
perature, and that the polarisation varies regularly with the dielectric constant of the sol- 
vent, being greatest in the solvent of lowest dielectric constant. The results are considered 
in the light of the solvent-effect equations in a later part of the paper. 

The nitrobenzene and benzonitrile molecules are similar in several respects. The 
former compound has been the subject of extensive experiments (Miiller, Physikal. Z., 
1933, 34, 689; Jenkins, loc. cit.; Trans. Faraday Soc., 1934, 30, 739; Fairbrother, J., 
1934, 1846; Govinda Rau and Narayanaswamy, Proc. Indian Acad. Sci., 1935, A, 1, 489), 
and the differences now found for the polarisations of benzonitrile in different solvents are of 
the same order as those found for nitrobenzene. The results of the present research are 
summarised in Table I, in which the temperature, ¢, the solvent, its dielectric constant, e, 
and the polarisation at infinite dilution, P,.., of the solute are given, together with the dipole 
moment, uw. 

It has been shown that moments calculated from the slope of the P-1/T line are fre- 
quently too small (Jenkins, Trans. Faraday Soc., loc. cit.) owing to the change of the dielec- 
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tric constant of the solvent with the temperature. We have therefore calculated the 
apparent moments at each temperature from the total polarisation at infinite dilution 
minus the electronic polarisation. 

The figures in Table I show that the moment decreases with increase of dielectric con- 
stant of the solvent at any one temperature, and that, in a particular solvent, the moment 
falls as the temperature decreases. The graphs (Fig. 1) of the polarisation P,,, against the 
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dielectric constant of the solvent at 20° for the two compounds give curves of a similar 
shape and the variations are found to be regular within the limits of experimental error. 
The polarisation falls gradually from the value in hexane to that in benzene and then more 


rapidly to that in carbon disulphide. This is the case at other temperatures where several 
values have been determined. The differences between the variation of the polarisation of 
benzonitrile and of propionitrile with the dielectric constant of the solvent seem to be 
determined principally by the magnitude of the polarisation. 


TABLE I. 
Solute. Benzonitrile : Pg = 31°6 c.c. Propionitrile : Pg = 15°8 c.c. 











Temp. Solvent. €. Fog p. €. Poo. p- 
40° CCl, 2°195 356-0 40 2°195 270-0 3°5 
20 CyHy, 1-901 395-0 4:14 1-901 300°0 3°66 
20 H,. 2°020 388-0 4:10 2°020 297°0 3°65 
20 2°234 375°0 4:03 2-234 287°0 3°58 
20 2°279 374°0 4:02 2-280 285°0 3°57 * 
20 2°379 362-0 3°95 2°379 272-0 3°48 
20 2°643 333°0 3°77 2°643 246°5 3°30 

0 1-929 418°0 4:12 1-931 317°0 3°64 
0 2°275 400-0 4°03 2°275 304°0 3°56 
0 2°427 385°0 3°94 2°427 290°0 3°47 
0 2°694 351-0 3°75 2°691 259°5 3°28 

1-964 447°0 4:09 1-965 340°0 3°62 

2-489 410°0 3°91 2°489 308-0 3°43 

2°753 374-0 3°72 2-750 278°0 3°25 

2°590 468°0 3°84 2°590 353°0 3°38 
2°862 425-0 3°64 2°859 315-0 3°18 
2°632 494-0 3°8k 2°632 373°0 3°35 

2-906 446-0 3°61 2°903 330°0 3°15 


* Cowley and Partington, J., 1935, 604. 


mS 


Oe 
ad 
> 


_ 
2 


a 


moe 


or 


—22°9 
—22°9 
— 63°5 
—63°5 
—78°5 
—78°5 


AQNBAABAAQAAGAABAANANAN 
Ms MN We YY 
Os 

@o oO 


The differences between the moments of benzonitrile and propionitrile under the same 
conditions from the measurements in Table I lie between 0-48 and 0-45 in all cases, 1.e., 
are practically constant. The difference for the vapours is given as 0-30 (Groves and 
Sugden, J., 1935, 971) and this is usually rather smaller than the difference in solution. 
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Miiller (Phystkal. Z., 1934, 35, 346) has shown, for solutions of nitrobenzene and methyl- 
ene chloride in hexane and in carbon disulphide, that a smooth curve is obtained if the pro- 
duct PoT (where P, is the orientation polarisation and T is the absolute temperature) 
is plotted against e, the dielectric constant of the solvent. It was known that the electronic 
polarisation is practically independent of temperature as such, and Miiller showed that it is 
uninfluenced by a change in solvent, so that, if the small effect of the atomic polarisation is 
neglected, the variation of PgT is due to a change of the orientation polarisation with the 
dielectric constant of the solvent. Thevalues of PoT for the two nitriles are given in Table II 
with the dielectric constant of the solvent, ¢, and the temperature of the measurement. 
The results are represented in Fig. 2. The curves resemble those obtained by Miiller. 
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It is not possible to estimate the values of the atomic polarisation of the two com- 
pounds with any accuracy, since the value is uncertain owing to the change of moment with 
temperature, and is also particularly liable to be affected by error in determining the slope 
of the polarisation curve. The second error, which increases with the magnitude of the 
moment (because a small alteration in the slope of the P-1/T line will markedly affect the 
intercept), will be important in these instances, as the moments are large. Extrapolation 
of the values found in the solvents where determinations were made at several temperatures 
gives values of the intercept of about 70 c.c. and 48 c.c. for benzonitrile and propionitrile, 
respectively. These correspond to the very high values of approximately 38 c.c. and 32 c.c. 


TABLE II. 


Solute. Benzonitrile. Propionitrile. 


Temp., e of Po+a,* PT e of Porat PT 
abs. Solvent. solvent. c.c. x 10+. solvent. c.c, x lo. 
293°0° 1-901 363°4 10°65 1-901 284°2 8°33 
273°0 C,H 1-929 386°4 10°55 1-931 301-2 8°23 
250°1 C,H 1-964 415°4 10°39 1-965 324-2 
273°0 2°020 356°4 10°44 2°020 281-2 
313-0 2-195 324°4 10°15 2-195 254°2 
293°0 2-234 343°4 10°06 2°234 271-2 
273°0 2°275 368°4 10°05 2°275 288-2 
293°0 2-279 342°4 10°03 2-280 269°2 
293-0 2°379 330°4 9°68 2°379 256°2 
273°0 2°427 353°4 9°64 2°427 274°2 
250°1 : 2-489 378°4 9°46 2°489 292-2 
209°5 2°590 436°4 9°14 2°590 337°2 
194°5 2-632 462°4 8°99 2°632 357°2 
293-0 CS 2°643 298°4 8°83 2°643 230°7 
273°0 2°694 319°4 8°71 2-691 243°7 
250°1 2°753 342°4 8°56 2-750 262-2 
209°5 2°862 393-4 8°24 2°859 299-2 
194°5 2°906 414°4 8-06 2°903 317°2 


* Obtained from P,,. for benzonitrile (Table I) minus Pg (= 31°6 c.c.). 
+ Obtained from P,,. for propionitrile (Table I) minus P, (= 15°8 c.c.). 
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for the apparent atomic polarisation. High values of the atomic polarisation have been 
found by the temperature method, ¢.g., for nitrobenzene in decalin P, is 44 c.c. (Jenkins, 
loc. cit.) and in carbon tetrachloride 48 c.c. (Pal, Phil. Mag., 1930, 10, 267). 

The dipole moments of propionitrile and benzonitrile in the vapour state are 4-05 
(Hdjendahl, Thesis, Copenhagen, 1928: approximate value calculated from the data of 
Pohrt, Ann. Physik, 1913, 42, 569) and 4:39 (Groves and Sugden, Joc. cit.), respectively. 
These values are considerably higher than those found in solution, ¢.g., 3-57 and 4-02 in 
benzene at 20° (present research), a result which might be expected for this type of molecule 
(cf. Frank, Proc. Roy. Soc., 1935, A, 152, 171). It is of some interest to see how far this 
difference can be accounted for by the various formule connecting the polarisations in the 
vapour state and in solution with the dielectric constant of the solvent. 

Miiller’s empirical equation (Phystkal. Z., 1933, 34, 689), viz., 


(Pz — R)sotation/(P, — R) =1—const(e—1)?. . . .« (I) 


where const. = 0-075 + 0-005, P, and R are the total polarisation and molecular refraction 
respectively, and ¢ is the dielectric constant of the solvent, represents very well the change 
of the polarisation in various solvents for a number of compounds, all having a radical on 
the dipole axis. The rule has been applied to the present results at 20° and the calculated 
values are given in Table III. For benzonitrile the values of the total polarisation and 
moment corrected to the vapour state, 420 c.c. and 4-28 respectively, may be compared with 
the values from the vapour measurements at 20°, viz., 439 c.c. and 4-39 respectively. With 
the exception of that determined in carbon disulphide, the values are fairly consistent but 
are distinctly lower than the vapour value. A similar result has been noted for other 
compounds of large dipole moment, ¢.g., the moment of nitromethane in heptane solution 
(3-17 at 25°) corrected to the vapour state gives 3-28, while the observed gas value is 3-42 
(Smyth and McAlpine, J. Amer. Chem. Soc., 1934, 56, 1697; J. Chem. Physics, 1935, 3, 557). 


vapour 


TABLE III. 


Solute. Benzonitrile. Propionitrile. 
Vapour values of P,.. calc. from data in Table I by eqn. of 
Miller. Sugden. Miller. Sugden. 


419 479 318 366 
431 478 331 368 
419 476 322 366 
421 475 323 365 
417 466 315 353 
409 440 321 333 
420 469 322 358 


439 347 








Another empirical relationship, proposed by Sugden (Nature, 1934, 133, 415; Trans. 
Faraday Soc., 1934, 30, 720), is 


Pa gus = Pag, — 2+ Pole—if(le+ 2). . . . - (2) 


where Pgyq, and Pg,., are the total polarisation in solution in a solvent of dielectric 
constant « and in the vapour state, respectively, P, is the orientation polarisation in 
solution, and « is a small constant. The curve found by plotting the values of P,,, for 
benzonitrile in various solvents at 20° against (e — 1)/(e¢ + 2) gives a value of P,,.. at 
(¢ — 1)/(e + 2) = 0 of 495 c.c., corresponding to a moment of 4-7, in agreement with the 
result of Sugden (Nature, loc. cit.) and considerably higher than the vapour value of 4:39 
(Joc. ctt.). Table III contains the values of the vapour polarisations calculated by equation 
(2) from our results at 20°, « being neglected. In order to make the value of the polar- 
isation calculated by (2) equal to the vapour value for benzonitrile, the constant « would 
have to be about 30 c.c.: it probably varies for one solute in different solvents (Jenkins 
and Sutton, J., 1935, 609). 

In the place of these empirical rules, we may consider the theory of Raman and Krishnan 
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(Proc. Roy. Soc., 1928, A, 117, 589), which gives the relation between the polarisation and the 
dielectric constant for a pure substance in the liquid state by the expression 


elated) +igheah) -. @ 


where v is the number of molecules per c.c., @, a, @3 are the moments induced in the 
molecule along the three axes by unit electric field, ‘Y [ = }(a,sy + agS_ + 4@353)] and 
6 ( = Xp,"s, + £2 1149919) * involve the effect of anisotropy on the induced and orientation 
polarisations respectively, and the other symbols have their usual significance. The 
accuracy of this equation has been demonstrated by Krishnan (idid., 1929, A, 126, 155) and 
others. Goss (J., 1933, 1341; 1934, 696) was the first to direct attention to the theory in 
connexion with the study of dipole moments and to the similarity between equations (2) 
and (3). The extension of (3) to liquid mixtures (Subbaramaiya, Proc. Indian Acad. Sci., 
1934, A, 1, 355) leads to the expression 


=Si- 37 (z 3+ tp) thie no i V(t + ape) 


paet 44 EO) +he at N(¥. + ath) : sick a ee 


where /, and /, are the mol.-fractions of the two components, M, «, and d,, are the “ mole- 
cular weight,” the dielectric constant, and density of the mixture, N is Avogadro’s constant, 
and the anisotropic field constants contained in the functions Y’,, 6,, ‘’, and 6, refer to the 
actual fields acting on the two types of molecules in the mixture. 

Govinda Rau (ibid., 1935, A, 1, 498) reduces (4) in the case of a solution of a polar 
substance in a non-polar solvent (u = 0, 6, = 0) to 


ws doce, So, — _@&=—l 
P, = Pao — da | Sw a ee el (5) 


putting 8, = 6. P, is the polarisation value corrected for solvent influences, t.e., the ideal 
gaseous value, P,., is the polarisation at infinite dilution in a solvent of dielectric constant 
¢,, and « represents the change of dielectric constant with the concentration of the solution : 
¢ = ¢,(1+ af,). The constants in ¥, apply to the homogeneous solvent, but the constants 
in Y, and 6 are those effective for the solute molecule in an infinitely dilute solution. 
Govinda Rau calculated, by the method of Raman and Krishnan (loc. cit.), the field con- 
stants in the last two expressions for an ellipsoidal cavity of the same shape as for benzene, 
and the moment is taken as the mean value in the various solvents. Although this treat- 
ment is only approximate, he found that his data and those of Narayanaswamy (7bid., 1935, 
A, 1, 489) corrected by equation (5) gave values for the nitrobenzene molecule which were 
close to the vapour value for this compound. The equation is general since it can explain 
the positive solvent effect (cf. also Higasi, Bull. Inst. Phys. Chem. Res. Tokyo, 1934, 18, 
1167). 

With the same assumptions, the values calculated by equation (5) from our determin- 
ations are compared with the vapour value for benzonitrile in Table IV. The moment of 


benzonitrile is taken as 4-0. 
TABLE IV. 


Benzonitrile at 20°. 
_ Bae, 

1 + 2)* 

3° 7 


Vapour value 4°39 


* The q’s denote the constants of the static polarisation field and the “‘s” terms are given by 
expressions of the type q,, = $m + 5. 
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The constants given in Table V are taken from published data (Govinda Rau, Joc. cit. ; 
Krishnan and Rao, Indian J. Physics, 1929—30, 4, 39; Ramanadham, Proc. Indian 
Acad. Sct., 1934, A, 1, 281). 

The calculated values are somewhat smaller than the gas determination, that obtained 
from the anisotropic solvent carbon disulphide being considerably smaller. Since, how- 
ever, the treatment is only approximate and the constants are uncertain, the agreement 
may be regarded as satisfactory. The average value of P,,, from the first four solvents is 
416 c.c., and the corresponding moment 4:26. The equation (5) gives at least as good 
agreement as the empirical equations. 

Frank (loc. cit.) has developed a theory which accounts for the influence of solvent on 
the basis of molecular geometry. He plots the moment against the reciprocal of the di- 
electric constant of the solvent and obtains a straight line, which, when produced to the 
point 1/e = 1, gives a value slightly greater for certain compounds than the moment in 
the vapour state. The values in carbon disulphide and in polar solvents fall below the 
extension of the line found from other non-polar solvents. Since the moments determined 
in the usual solvents (hexane, 1/e = 0-53, to carbon disulphide, 1/e = 0-38) extend over a 
range of 1/¢ of only 0-15 unit at 20°, it appears that the vapour moment can be obtained 
only approximately by such a method. The present values for the moment of benzonitrile, 
with the exception of the determination in carbon disulphide, can be fitted on a fairly 
good straight line with the vapour moment when plotted against 1/c. 


TABLE V. 
Solvent. . Ss. : a, X 10%. a, x 10%. as x 10%. 
0°89 . . 
—0°75 . 3 


1°67 1-07 
1-31 0°98 
0 — 
—1-21 ‘ 

0°46 


44 
1 
4 1-41 0-71 
43 0°59 0°59 
74 1:74 0°87 
Higasi (Sci. Papers Inst. Phys. Chem. Res., Japan, 1936, 28, 2 
between solution and vapour moments by the equation 


Me Tm OU er ® 


where py; is the sum of the induced moments produced by dissolving the substance in a 
solvent, and this latter term is evaluated for several types of molecule. He treats the 
solute molecule as an ellipsoid of rotation and has shown, for a molecule with a dipole 
along its axis of symmetry, and on the assumption that the radius a of the axis of symmetry 
is greater than that c perpendicular to it, that 


where v, «, and pu represent respectively the number of solvent molecules in unit volume, 
the polarisability of the solvent, and the moment of the solute vapour, 


84) represents the relation 


—1 k ween» 1 
A = pail! - zee b+ VERT] -j Pie cieeclle 
and a = ke. 
For this type of molecule, A is always negative (k>1) and hence yp,,), is smaller than 
u [see equation (6)]. The value of & can be found from the Kerr constant, and thus A 
follows from (8). For the solvent the relation 


fova = (6—If(e #2) © . 2. we... 


can be assumed, and thus 4zva is calculated. Higasi has estimated Ey,/y and compared 

it with the observed value for a number of compounds. As the value of & is unknown for 

the two substances investigated in the present research, we have assumed the following 

values: for benzonitrile k = 1-69 (t.c.; that of nitrobenzene; Higasi, Joc. cit.), and for 

propionitrile & = 1-95 {the mean of the values for HCN and C,H,CN (ébid.)]. The calcul- 
4G 
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ated and experimental values of Xp;/p for the two nitriles are compared in Table VI (all 
results relating to 20°). The agreement is on the whole satisfactory, any divergencies for 
benzonitrile being of the same order as those found for nitrobenzene (Higasi, Joc. cit.). 








TABLE VI. 
Solute. 
Benzonitrile (4 = —0°126). Propionitrile (4 = —0°154). 
Lpi/p- Dpi/p- 

Solvent. 4nva. jh. Exptl. Calc. p. Exptl. Calc. 

Se agai pcuwaaen — 4°39 — — 4°0 -- = 
Cellak | tesseebicnss 0°693 4°16 — 0°05 —0:°09 3°66 —0°10 —0°1l1 
Caled anevidecdoes 0°761 4:10 —0°07 —0°10 3°65 —0°10 —0°12 
Gls cosbntesoedeias 0°873 4:03 —0°08 —O11 3°58 —0°12 —0°13 
Reiiabeisecctecesecs 0°898 4°02 —0-°08 —0O°1l 3°57 —0°12 —0°14 
CebE gp svcvevccesceces 0°945 3°95 —0°10 —0°12 3°48 —0°14 —0°15 
o Spereprerr rrr 1-060 3°77 —0°14 —0°13 3°30 —0°18 —0°16 

EXPERIMENTAL. 


Electrical A ppavratus.—The dielectric constants were determined by the apparatus previously 
used (Part XIII; J., 1935, 604). 


Fic. 3. Fic. 4. 



























































Dielectric Cell_—The dielectric cell (Fig. 3) consisted of an annular glass vessel inside which 
three concentric platinum cylinders (P) were fixed by small glass supports. The middle cylinder 
was insulated by small glass beads from the others, which were earthed. The platinum was 
0-01 mm. in thickness, and the separation of the cylinders was 1mm. Connexion to the cylinders 
was made by platinum wires, which were fused to the plates. These wires passed through glass 
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tubes (C) to small mercury cups, which were linked by a small rigid bridge of copper wires to the 
mercury cups on the leads to the apparatus. The filling tubes (4, B) of the cell were closed by 
ground glass caps, and the ends of the four limbs were connected by glass rods which served to 
strengthen the cell. The cell was mounted on a heat-insulating cover so that the expansion 
bulb in the limb (B) was below it, and the weight of the cell was borne by a metal rod passing 
through the middle and a metal strip under the cell. A spring on the rod below the strip com- 
pensated for the differential expansion of the rod and the cell as the temperature varied. The 
cover and cell fitted a small, thin-walled, copper bath, which contained a small stirrer and 
thermocouple (see below). The bath was earthed and filled to a definite level with toluene, and 
the cell was always used in this bath. The electrical capacity of the cell, which was practically 
independent of temperature, was 56uuF and its volume 15 c.c. 

The cell was filled by the apparatus shown in Fig. 4. The solutions were prepared in glass 
vessels (H) fitted with ground glass stoppers (G). -The ground joints on the top of the vessels 
were interchangeable, so that all the vessels could fit a hollow stopper (F), through which a 
capillary passed. This capillary extended to the bottom of the vessel, and the other end passed 
to a two-way tap. The outlet tubes carried ground joints, one (D) fitting the ground joint (A) 
of the cell, and the other (EZ) that of the pyknometer. The solutions were blown into the cell, 
or pyknometer, by a stream of dry air through the tube (J), which carried a tap, and the flow of 
liquid was stopped by the tap (7) when the cell was full. 

Densities.—The densities were determined by a pyknometer consisting of a long narrow bulb 
connected to the expansion bulb by a capillary tube. The ends of the capillaries were closed by 
ground caps. The pyknometer was aged by the method of Bretscher (Physikal. Z., 1931, 32, 768), 
and the coefficient of expansion determined by calibrating it with water at several temperatures. 

Temperature Control.—A large Dewar vessel, contained in a heat-insulating box, served as a 
thermostat, and the small copper bath containing the cell was supported from the lid of this 
vessel. Above 0°, the temperature was maintained constant by circulating water through the 
vessel. Measurements at the lower temperatures were made at the f. p.’s of carbon tetra- 
chloride and chloroform and at the sublimation point of solid carbon dioxide. For the first two, 
the temperature was kept constant by rapid stirring of solid and liquid, and for the last a paste of 
solid carbon dioxide and alcohol was used. The temperatures were taken as — 22-9°, — 63-5°, 
and — 78-5° respectively (I.C.T., 1926, 1, 53—54: each value the mean of several determin- 
ations). The temperature was checked by small copper—constantan thermocouples, attached to 
a Tinsley potentiometer and sensitive moving-coil galvanometer. The thermocouples were 
constructed from 36 s.w.g. enamel-covered copper wire and 32 s.w.g. double silk-covered con- 
stantan wire (cf. Kraus and Vingee, ]. Amer. Chem. Soc., 1934, 56, 511). The junctions, which 
were about }$ cm. long, were soldered by a cadmium-—tin solder, covered with a layer of rosin. 
The four junctions were held in position on a wooden spacer, which fitted closely into a copper 
tube of outer diameter $ cm. and wall-thickness 4 mm., the junctions being mounted as close to 
the walls as possible. The lower end of the tube was closed by soldering on a thin copper disc, 
and the other end was screwed into a bakelite cap. The wires outside the copper tube were 
protected by a rubber tube. One set of junctions was maintained at 0° throughout, and the 
sensitivity of the thermocouple at 20° was 0-0001590 volt per degree. Thermocouples were 
placed in the small cell-bath and in the main bath. 

Preparation of Materials.—Niiriles. Propionitrile (Kahlbaum) was kept over caustic 
potash and then calcium chloride. It was dried by phosphoric oxide and twice fractionated. 
The properties of the two specimens used were: b. p. 96-8°/743 mm., D7?” 0-7830, n° 1-3664, 
[Ry]p 15-76 c.c.; b. p. 96-0°/730 mm., D? 0-7829, n}” 1-3663; [Rz]p 15-76 c.c. Figures for 
comparison are: b. p. 97-0°/752-5 mm., D7" 0-7827, n>” 1-3661 (Lowry and Henderson, Proc. 
Roy. Soc., 1932, A, 136, 471). 

Benzonitrile was steam distilled, extracted with ether, and fractionated ina vacuum. It was 
then left over phosphoric oxide for a day, fractionated under reduced pressure, and refraction- 
ated. The properties were: b. p. 190-8°/763 mm., D? 1-0046, n}?” 1-5289, [Rz]p 31-62 c.c. 
Previous determinations are: b. p. 190-6°/760 mm. (Kahlbaum and Wirkner, Z. physikal. 
Chem., 1898, 26, 603); 190-7° corr. (Perkin, J., 1896, 69, 1249); 190-6° corr. (Wuyts, Bull. 
Soc. chim., 1909, 5, 409); n>” 1-5289 (Berliner, Diss., Breslau, 1886); D3}: 1-0066 (Perkin, J., 
1896, 69, 1206) ; D7? 1-0051 (Turner and Merry, ibid., 1910, 97, 2075). 

Solvents. Hexane (Hopkin and Williams) was shaken with slightly diluted sulphuric acid 
several times, washed with water, and shaken with dilute alkaline potassium permanganate 
solution. After further washing, it was dried by calcium chloride and finally fractionated over 
sodium. 
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cycloHexane (Hopkin and Williams) was shaken over fuming sulphuric acid, and washed 
successively with water, caustic soda solution, dilute permanganate solution, and water. It was 
dried by calcium chloride and potassium carbonate, and twice fractionated. 

Carbon tetrachloride (Kahlbaum “ for analysis’’) was dried over caustic potash and 
fractionated. 

Benzene and toluene (both Kahlbaum’s “ for analysis ’’) were dried over sodium wire and 
fractionated. Carbon disulphide (Kahlbaum “ for analysis ’’) was shaken with mercury but no 
blackening occurred. The liquid was dried and fractionated over phosphoric oxide. 

Results —The symbols and method of calculation are those previously used in this series. 
The moments are calculated at each temperature from P,,, minus Py, P, being included in the 
orientation polarisation. The solvent and temperature of each measurement are stated. 


















Solute :. Benzonttrile. 





























Te €. Df... P33; c.c. P,, c.c. Te — * Dt. Ps, c.c. % c.c. 
In hexane at 20°. In toluene at —78°5°. 

0:000000 1-901 0°6731 29°58 — 0°000000 2°632 0°9566 33°91 a 
0°005142 1‘976 0°6747 31°37 377°7 0°005402 2-799 0°9572 36°09 466°3 
0:008818 2-028 0°6761 32°57 368°7 0°009974 2-960 0°9577 38°05 449-0 
0°015089 2°117 0°6781 34°57 360°3 0°014973 3°126 0°9583 39°93 436-0 
0°020388 2°192 0°6800 36°16 352°3 0°019845 3°289 0°9589 41°66 423°0 

Pye = 396°0 c.c.; Pg = 31°6 cc. ; Pyo = 494-0 c.c.; Pg = 31°6 c.c.; 

Pyo — Py = 363°4 c.c.; p = 4:14. Pao — Pe = 462°4 c.c.; p = 3°81. 

In hexane at —22°9°. In carbon disulphide at 0°. 
0°000000 1/964 07108 20°47 — 0-000000 2-694 1-2902 21-29 — 
0005142 2°055 0°7121 31°50 425°2 0°004392 2°859 1-2879 22°65 331-0 
0°008818 2°188 0°7130 32°85 412°8 0°008752 3-019 1°2859 23°89 318°4 
0°015089 2°227 0°7146 35°09 401°9 0°012323 3°153 1:2840 24°87 312°6 
0020388 2-318 0°7160 36°87 3923 0017857 493352 8=©1:2813 «= 2627 3=— (300-2 

Py = 4470 c.c.; Pg = 31°6 c.c.; Pye = 351°0 c.c.; Pg = 31°6 c.c.; 
Peo —_ Pz = 415°4 Cc.5 p= 4°09. P00 — Py = 3194 C.c.5 p= 3°75. 

In carbon tetrachloride at 40°. In carbon disulphide at —63°5°. 
0:000000 2°195 1°5558 28°17 — 0-000000 2°862 1-3800 21°12 — 
0°004608 2°283 1°5528 29°62 342-9 0°004392 3°094 1:3772 22°76 394°5 
0°-009786 2-379 1-5497 31-16 333°7 0°008752 3-313 1-3743 24:19 371-9 
0°013779 2°455 1°5472 32°33 330°1 0-012323 3°490 1°3727 25°26 357-1 
0°018084 2-537 1°5446 33°54 325°1 0017857 3°740 1°3694 26°79 338°7 

Py = 356°0 c.c.; Pg = 31°6 c.c.; Pye = 4250 c.c.; Py = 31°6 c.c.; 
Pao — Pa = 3244 0.c.; p = 4°05. Pym — Py = 393°4c.c.; p = 3°64. 

In carbon tetrachloride at 0°. In hexane at 0°. 
6°000000 2°275 1-6325 28°10 — 60°000000 1-929 0°6894 29°54 oe 
0°004608 2382 1°6295 29°73 381°8 0-005142 2-011 06904 31°46 403-0 
0°009786 2°502 1°6263 31°46 371°4 0°008818 2°068 0°6919 32°74 392°3 
0°013779 2°596 16238 32°75 365°6 .0°015089 2°166 0°6937 34°86 382-1 
0018084 2697 16213 3408 358°8 0°020388  2:249 06952 3657 3748 

Pye = 400°0 c.c.; Pg = 316 c.c. ; Py = 418°0 c.c.; Pg = 31°6 c.c.; 

Pye — Px = 368'4 c.c.; p = 403. Pyo — Py = 386°4c.c.; p = 4°12. 

In toluene at 20°. In cyclohexane at 20°. 

0-000000 2°379 0°8663 33°48 _— 0-000000 2-020 07781 27°43 — 
0°005042 2°474 0°8670 35°02 338°9 0:006893 2-140 0°7795 29°76 365°5 
0°009974 2-565 0°8676 36°44 330°2 0013849 2°258 0°7869 31°93 352-4 
0°014973 2°662 0°8683 37°88 327°3 0°021593 2°393 0°7825 34°26 343°7 
0019845 2°755 03689 39°21 3222 0027872 2501 0°7837 3602 335°6 

Py. = 3620 c.c.; Pe = 316 cc. ; Pye = 3880 c.c.; Py = 31°6 c.c. ; 

Pye — Pe = 8304 c.c.; p = 3°95. Po — Pe = 3664 ce.; p = 4°10. 

In toluene at —22°9°. In carbon tetrachloride at 20°. 
0000000 §=6- 2489s 09056 =: 33°74 _- 0000000 2°234 1:°5941 28:13 —— 
0°005042 2-607 0°9063 35°47 376°9 0°004608 2°332 1:5913 29°68 364°5 
0009974 2719 09069 37°04 3646 0009786 2-441 15883 31°32 365°1 
0°014973 2°838 0°9075 38°62 359°7 0°013779 2°526 1°5858 32°56 349°6 
0°019845 2°955 09082 40°10 354°2 0°018084 2°617 1-5831 33°83 342°6 









Pyo = 375°0 c.c.; Pg = 31°6 c.c.; 


Pye = 410°0 c.c.; Pg = 316 c.c.; 
Py. — Py = 343°4 c.c.; p = 4°03. 


Pye — Pg = 378°4 c.c.; p = 3°91. 











Sa 


0000000 
0006139 
0014029 
0°023082 
0:031910 
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€. 


“ 
De. 


Pyy, C.C. 


In benzene at 20°. 


2°279 
2°420 
2-602 
2-809 
3°019 


0°8786 
0°8794 
0°8806 
0°8817 
0°8828 
Py» = 374:°0 c.c.; Pp = 31°6 c.c.; 


26°56 
28°58 
31-00 
33°56 
35°93 


Pe C.c. 


355°6 
342°6 
329°8 
320°2 


Pe = Pr = 342°4 C.C. 5 >= 4°02. 


0000000 
0°005042 
0°009974 
0°014973 
0°019845 


In toluene at 0°. 


2-427 
2°533 
2°635 
2-742 
2-845 


0°8846 
0°8853 
0°8861 
0°8868 
0°8875 


Pio = 385°0c.c.; Pg = 31°6 c.c. ; 


33°56 
35°20 
36°71 
38°22 
39°61 


Pyo — PR = 353°4 c.c.; p = 3°94. 


0-000000 
0005042 
0009974 
0°014973 
0°019845 


Py» 


Sr. 


0-000000 
0°005217 
0°010577 
0°015341 
0:021246 


In toluene at —63°5°. 


2-590 
2°737 
2-874 
3°015 
3°154 


0°9426 
0°9432 
0°9439 


0°9445 


0°9451 


33°85 
35°83 
37°56 
39°25 
40°82 


= 468°0c.c.; Pr = 31°6 c,c.; 
— Pp = 486°4c.c.; p = 3°84. 


€. 


De, 


Pq, CC. Py, 6.c. 


In hexane at 20°, 


1-901 
1-956 
2-009 
2°056 
2°117 


0°6730 
0°6733 
0°6735 
0°6738 
0°6741 


29°56 
30°86 
32°07 
33°10 
34°41 


278°8 
266°8 
260°3 
257°8 


Py. = 300°0 c.c.; Pg = 15°8 c.c.; 
Py — Pg = 2842 c.c.; p = 3°66. 


0-000000 
0°005276 
0°010999 
0°016030 
0°022380 


In hexane at —22°9°. 


1965 
2°034 
2-102 
2-159 
2°232 


0°7107 
07111 
0°7116 
0°7120 
0°7125 


29°50 
30°99 
32°39 
33°52 
34°01 


311-9 
292°2 
280°3 
271°3 


Py. = 340°0 c.c.; Pg = 158 c.c.; 
Py. = Pa — 3242 c.c.; p = 3°62. 


0-000000 
0°005276 
0:010999 
0°016030 
0-022380 
Pre 


0-000000 
0°005127 
0°010517 
0°015993 
0°019049 


In hexane at 0°. 


1‘931 
1-993 
2°055 
2-108 
2-178 


0°6898 
0°6902 
0°6906 
0°6910 
0°6914 


29°58 
30°98 
32°32 
33°43 
34°84 


294-9 
278°7 
269°8 
264°6 


= 317°0 c.c.; Py = 15°8 c.c,; 
— Pg = 3012 c.c.; p = 3°64. 


In cyclohexane at 20°. 


2-020 
2-089 
2°154 
2°220 
2°255 


0°7781 
0°7780 
0°7780 
0°7780 
0°7780 


27°43 
28°71 
29°93 
31-09 
31-68 


277°7 
265°1 
256°3 
250°5 


Po = 297°0 c.c.; Pg = 15°8 c.c.; 
Pyo — PR = 2812 c.c.; wp = 3°65, 
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D*. 


a’ 


Pj2, C.C. 


In carbon disulphide at 20°. 


0-000000 
0°004392 
0008752 
0°012323 
0°017857 


2-643 
2°791 
2-937 
3:057 
3°241 


12633 
12613 
1'2589 
12573 
1'2546 


21°32 
22°60 
23-79 
24°74 
26°11 


1193 


Py, C.C, 


312°7 
303°5 
298°8 
289°6 


Pym = 330°0 c.c.; Pr = 31°6 c.c. ; 
Py. — Pp = 298°4¢.c.; p = 3°77. 


In carbon disulphide at —22-9°. 


0000000 
0004392 
0°008752 
0°012323 
0°017857 


2°753 
2-941 
37124 
3°274 
3°503 


1°3237 
13218 
1:3198 
1°3180 
1:3154 


21-21 
22°66 
23°98 
25°01 
26°49 


Pye = 3740 c.c.; Pg = 31°6 c.c.; 
Pao — Pe = 342°4c.c.; wp = 3°72. 


In carbon disulphide at —78°5°. 


0:000000 
0°004392 
0-008752 
0°012323 


2°906 
3°166 
3°416 
3°615 


14047 
1°4019 
1°3986 
1°3966 


21-05 
21°80 
24°35 
25°49 


Pym = 446°0 c.c.; Pp = 31°6 c.c.; 
Py. — Pp = 4144 c.c.; p = 3°61. 


Solute : Propionitrile, 


fa 


€. 


De, 


Pq, C.C. 


In carbon tetrachloride at 40°. 


0-000000 
0°005996 
0°012295 
0°018221 
0°022652 


2-195 
2-280 
2°367 
2°448 
2-510 


1°5558 
15518 
1:5481 
15446 
15421 


28°17 
29°53 
30°85 
32°04 
32°91 


P3, C.c. 


255°0 
246°1 
241°6 
237°4 


Pym = 270°0 c.c.; Pe = 15°8 c.c.; 
Pye — Pr = 254'2 c.c.; wp = 3°58. 


In carbon tetrachloride at 0°. 


0-000000 
0°005996 
0°012295 
0°018221 
0°022652 


2°275 
2°380 
2°488 
2°589 
2°661 


16325 
16288 
1-6252 
16219 
16191 


28°10 
29°65 
31°14 
32°45 
33°36 


286°6 
275°3 
266°8 
260-0 


Pye = 3040 c.c.; Pp = 158 c.c.; 
Poo — Pe = 2882 c.c.; wp = 3°56. 


0-000000 
0°006104 
0-012239 
0°018399 
0°023759 
Pro 
Pw 


0°000000 
0°006104 
0:012239 
0-018399 
0°023759 


In toluene at 0°. 


2-427 
2-525 
2°618 
2-714 
2°798 


0°8846 
0°8844 
0°8841 
0°8837 
0°8835 


33°56 
35°01 
36°32 
37°62 
38°69 


271°1 
259°1 
254°2 
249°5 


= 290°0 c.c.; Pg = 15°8 c.c.; 


In toluene at —63°5°. 


2°590 
2°725 
2°854 
2-989 
3101 


0°9426 
0°9422 
0°9417 
0°9414 
0°9411 


33°85 
35°60 
37°17 
38°71 
39°92 


— Pp = 2742 c.c.; p = 3°47. 


320°6 
305°1 
298-0 
289°3 


Py. = 353°0 c.c.; Pg = 15°8 c.c.; 
Pao — Pg = 3372 c.c.; p = 3°38, 
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Py, .C. Py, C.c. 


In carbon disulphide at 20°. 


2°643 
2°761 
2-879 
2-996 
3°092 


1+2632 
12605 
12577 
1°2546 
1°2522 


21°32 
22°31 
23°25 
24°15 
24°85 


Pye = 246°5 c.c.; Pg = 15°8 c.c.; 
Pye — PR = 230°7 c.c.; p = 3°30. 


In carbon disulphide at —22-9°. 


0°000000 
0004604 
0°009270 
0:014060 
0017974 


2°750 
2°895 
3°032 
3171 
3°281 


1-3221 
13202 
1:3169 
13140 
13090 


21-20 
22°29 
23°28 
24°23 
24°95 


Pyo = 278°0 c.c.; Pg = 15°8 c.c.; 
Pyo — Pg = 262°2 c.c.; p = 3°25. 


In carbon tetrachloride at 20°. 


0°000000 
0°005996 
0°012295 
0°018221 
0°022652 


2°234 
2°330 
2°428 
2°519 
2°586 


15941 
15907 
1°5872 
1-5834 
1-5809 


28°13 
29°59 
31°01 
32°27 
33°16 


Pyo = 287°0 c.c.; Pg = 15°8 c.c.; 


Py. — Pe 


0:000000 
0006104 
0°012239 
0°018399 
0°023759 


271°2 c.c.; wp = 3°58. 


In toluene at 20°. 


2°379 
2°467 
2°554 
2°642 
2°717 


0°8663 
0°8660 
0°8657 
0°8655 
0°8653 


33°48 
34°84 
36°12 
37°36 
38°38 


Sa 


0-000000 
0°006104 
0°012239 
0-018399 
0°023759 
Pye 
Pye 


0:000000 
0-006104 
0°012239 
0°018399 
0°023759 


€. 


Part XX. 


De. 


e 


Pi CC®. Py cc. 


In toluene at —22-9°. 


2-489 
2°596 
2°701 
2°806 
2-904 


0°9055 


0°9052 


0°9048 
0°9045 
0°9043 


33°74 
35°25 
36°65 
37°98 
39°16 


= 308°0 c.c.; Pg = 15°8 c.c.; 
— Pg = 292°2 c.c.; p = 3°43. 


In toluene at —78°5°. 


2°632 
2°784 
2-929 
3°078 
3°205 


0°9566 


0°9562 
0°9557 
0°9554 


0°9550 


33°91 
35°83 
37°53 
39°16 
40°46 


Pyo = 373°0 c.c.; Pg = 15°8 c.c. ; 
— Pg = 357°2 c.c.; p = 3°35. 


In carbon disulphide at 0°. 


0°000000 
0°004604 
0-009270 
0°014066 
0°017974 


2°691 
2-820 
2°947 
3°077 
3°178 


1:2911 
1°2881 
1-2853 
12825 
12802 


21°25 
22°29 
23°25 
24°19 
24°89 


Pye = 259°5 c.c.; Pg = 15°8 c.c.; 
Py. — Pe = 243°7 c.c.; wp = 3°28. 


In carbon disulphide at —63°5°. 


0000000 
0-004604 
0-009270 
0014066 
0°017974 


2°859 
3°030 
3°191 
3°348 
3°480 


1°3810 
13781 
13755 
13724 
13700 


21-09 
22°27 
23°29 
24°26 
25-02 


Pye = 272°0 c.c.; Py = 16°8 c.c.; 
Pyo — Pg = 2562 c.c.; p = 3°48. 


Pi, = 3160 c.c.; Py = 168 c.c. ; 
Py. — Pe = 299°2 c.c.; wp = 3°18. 
In carbon disulphide at —78°5°. 


0°000000 2-903 1°4045 21°04 — 0-007068 3°193 1-4002 
0°004605 3°100 1°4017 22°33 301-2 0°010163 3°310 1:3987 
Pyo = 333°0 c.c.; Pg = 15°8 c.c.; Pyo — Pr = 3172 c.c.; p = 3°15. 


22°91 
23°61 


SUMMARY. 


The polarisations and apparent moments of benzonitrile and propionitrile have been 
measured in six solvents at various temperatures. It has been shown that the apparent 
moment falls regularly as the dielectric constant of the solvent is increased at any one tem- 
perature, and that it also decreases in any solvent as the temperature is lowered. The 
data obtained from the solution measurements have been compared with the moments for 
the vapours by several formule, and it has been shown that the agreement between the 
observed and calculated values is fairly satisfactory, although in no case are the experi- 
mental data exactly reproduced. 
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255. An X-Ray Study of the Phthalocyanines. Part II. Quantitative 
Structure Determination of the Metal-free Compound. 


By J. MONTEATH ROBERTSON. 


PRELIMINARY data on the crystal structure of some of the phthalocyanines have already 
been given (J., 1935, 615). These compounds (see Linstead, J., 1934, 1016) form an 
isomorphous series of remarkably stable monoclinic crystals. The present paper gives the 
results of a quantitative determination of the structure of free phthalocyanine, CggH,,Ng, 
space group C}, (P2,/a), a = 19-85, 6 = 4-72, c= 14:8 A., 8 = 122-25°, which has two 
centro-symmetrical molecules per unit cell of volume 1173 A.3; d (found) = 1-44; (calc.) = 
1-445, M = 514, F(000) = 532. 

It is well known that the direct application of the X-ray method of analysis is severely 
limited in the general case by the ambiguity of the phase constant. It is possible to make 
absolute measurements of the intensities of the X-ray crystal reflections, and from these 
values to calculate the magnitudes of the structure amplitude factors (F). But the com- 
plete expression of F, as it occurs in the Fourier series representing the electron density at 
any point in the crystal lattice, is a complex quantity characterised by an amplitude and a 
phase constant. As the X-ray crystal reflections are recorded separately, at different times 
and with the crystal in different positions, all information regarding the relative values of 
the phase constants is necessarily lost in making the experiment with a single crystal. 
However, it is usually possible to proceed with the analysis by methods of trial, making 
use of previous knowledge of the scattering power of atoms and the probable distances be- 
tween them. The application of the Fourier synthesis then leads to a refinement of the 
preliminary results, and by a method of successive approximation is equivalent in the end 
to a direct determination of the interatomic distances. The analyses already carried out 
in this way for organic structures (Proc. Roy. Soc., 1933, A, 140, 79; 1935, A, 150, 348; 
etc.) are thus to some extent unsatisfactory, not because they are lacking in truth, but 
because of the rather indirect manner by which the results have been obtained. 

It is remarkable that the complex phthalocyanine molecule, governed by 60 independent 
parameters for the carbon and nitrogen atoms alone, should be the first organic structure 
to yield to an absolutely direct X-ray analysis which does not even involve any assumptions 
regarding the existence of discrete atoms in the molecule. ‘We do, however, require some 
knowledge of the properties of the metal atom in the phthalocyanine derivatives; ¢.g., we 
require to know its atomic number and its atomic weight approximately, and we have to 
assume that most of its electrons are concentrated in a space which is quite small compared 
to the size of the whole molecule. One other assumption, which follows from the iso- 
morphism of these compounds, is necessary. If the dimensions of the unit cells of two 
related members of the series are very closely similar, we assume a corresponding similarity 
in the structures contained within these cells, not necessarily in detail, but in broad outline, 
especially in the overall dimensions of the related molecules. The remainder of the analysis 
is perfectly direct, because both the amplitudes and the phase constants of the component 
terms in the Fourier series for the electron density can be determined from a double series 
of absolute intensity measurements from the compound with and without a metal atom 
present. This applies generally to the (h0/) zone, which gives by far the most important 
projection of the structure, and with certain exceptions, noted in a later section, to the 
other zones. 

The structures possess centres of symmetry. The phase constants are thus limited to 
0 or x; 1.e., either a peak or a trough of each component sinusoidal distribution of density 
in the structure must coincide with the centre of symmetry. But these two possible values 
of the phase constant still give 2” possible solutions of the structue, where x is the number 
of measurable reflections. 

Each X-ray reflection is the resultant of the wavelets scattered by all the electrons in 
the structure, and the main problem is to discover the phase constant of this resultant wave. 
If a scattering particle is situated exactly at the centre of symmetry it will contribute a 
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wavelet which is always a maximum (peak) to the resultant reflection. Now, we know 
that the metal atom enters the structure at the centre of symmetry (J., 1935, 615) and we 
assume that most of its scattering electrons are concentrated in a space which is small 
compared to the spacing of any of the reflecting planes. The metal atom alone, therefore, 
makes a contribution to the resultant reflection which is always a peak at the centre of 
symmetry. Thus by comparing the intensities of corresponding réflections with and without 
the metal atom in the structure, it is possible to derive the phase constants of the (h0/) 
reflections. Ifa reflection from the free compound corresponds in phase to a peak at the 
centre of symmetry, then the same reflection from the metal compound will be of greater 
intensity owing to the addition of the peak due to the metal atom alone, and the phase 
constants of both these reflections will be 0 (or positive sign). If, however, the reflection 
from the free compound corresponds in phase to a trough at the centre of symmetry, then 
the addition of the peak due to the metal atom alone will tend to fill up this trough, and the 
resultant reflection from the metal compound will usually be of smaller intensity, the phase 
constants of both reflections in this case being x (or negative sign). If the reflection from 
the free compound corresponds to a very small trough (weak intensity), the phase may be 
reversed by the addition of the metal atom. When the structure amplitudes are expressed 
in absolute measure there is practically no ambiguity in the principal (hOJ) zone, and the 
phase constants of these reflections, numbering about 300, from phthalocyanine and its 
nickel derivative have been determined with certainty. Numerical details are given below. 

A similar method of determining phase constants by substitution has been successful 
for some inorganic structures, notably the alums (Cork, Phil. Mag., 1927, 4, 688; Beevers 
and Lipson, Proc. Roy. Soc., 1935, A, 148, 664), where one element can be replaced by an- 
other of higher atomic number. In the present example the results are more direct and 
complete, because we can remove the metal atom entirely without appreciably disturbing 
the structure. 

The result of the Fourier synthesis for the (0) zone of free phthalocyanine is expressed 
by the contour map shown in Fig. 2, which gives a projection of the structure along the b 
crystal axis. The electron distribution is clearly segregated into peaks which there is no 
difficulty in identifying as due to carbon and nitrogen atoms, the latter rising to slightly 
higher levels and containing more electrons. Even a rough inspection of the diagram is 
sufficient to show that Linstead’s structure for the phthalocyanines is now established with 
absolute certainty. Detailed measurements from the map, and the deduction of the true 
orientation of the molecule in the crystal, give all the interatomic distances and valency 
angles with an accuracy which varies slightly in different parts of the projection, but is in 
general about + 0-03 A., sufficient to determine the type of valency bond between the 
different atoms. The results are summarised in Fig. 3, which gives a normal projection of 
the molecule. 

EXPERIMENTAL. 


Measurement of Intensities.—To determine the structure amplitudes and phase constants by 
the method outlined above, it was necessary to make an exhaustive series of absolute intensity 
measurements from free phthalocyanine and a closely isomorphous metal derivative. Nickel 
phthalocyanine was chosen as the most suitable because (1) the cell measurements are practically 
identical with those of free phthalocyanine (J., 1935, 616); (2) well-formed single crystals can 
be obtained ; (3) the absorption coefficient for copper radiation is comparatively low, u = 16-56 
per cm. (for free phthalocyanine the calculated absorption coefficient is p = 8-62 per cm.) ; 
(4) the scattering power of the nickel atom, atomic number 28, for X-rays is sufficient to have a 
marked effect on the intensities without being great enough to swamp the reflections completely. 
Copper phthalocyanine is almost equally good with respect to (3) and (4), and in fact, the intens- 
ities of its reflections appear to be identical with those of nickel phthalocyanine as far as can be 
estimated by eye, but it is not quite so suitable with respect to (1) and (2). Cu-Ka radiation has 
a wave-length near the K-absorption edges of nickel and copper. The scattering powers of these 
elements are thus abnormal, but this does not affect our results. 

The crystals were in the form of small laths, elongated along the b axis. Most of the work 
on the (A0/) zone of free phthalocyanine was carried out on a specimen cut to 1-02 mm. in length 
(along the d axis), and of cross section 0-10 x 0-34 mm., weighing 0-040 mg. A slightly larger 
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specimen of nickel phthalocyanine was employed, weighing 0-068 mg. The crystals were 
completely immersed in a uniform beam of filtered copper radiation, and the reflections recorded 
photographically by means of moving-film cameras. The strongest reflections were reduced by a 
known factor by use of automatic shutters on the two-crystal moving-film spectrometer (Phil. 
Mag., 1934, 18, 729). The range of intensities recorded was about 1600 to 1, and the measure- 
ments were carried out on the integrating photometer (Robinson, J. Sci. Instr., 1933, 10, 233) 
except for a few of the very weakest reflections, which had to be estimated visually on long- 
exposure films. Other crystal specimens of about the same size were employed to check the work, 
and for recording the other zones of reflections. 

The measurements were put on an absolute scale by the direct determination of a few of the 
strongest reflections on the ionisation chamber with monochromatic rays (copper and molyb- 
denum), and also photographically by comparisons with known standards on the two-crystal 
moving-film spectrometer. The various results were consistent to within about 5% in terms of 
F. The structure factors (F) were calculated from the integrated intensity measurements 
(Ew/I), after correction for the absorption of the beam in the specimen, by the usual formula 
for the mosaic crystal. Adapted for a small crystal completely bathed in radiation, this becomes 


pr aBe 1 asinge Vs (mr 
~ J * &° 1+ cos? 26° a3 \ 2 
sv being the volume of the specimen, and V that of the unit cell. 

Owing to the shape of the specimens, the path of the X-ray beam differs when the crystals are 
in different reflecting positions, Correction factors were therefore calculated and applied to the 
comparative intensity measurements to allow for this effect. As the number of reflections is very 
great, this could only be done approximately, by estimating the mean path for different positions 
of the crystals. The results should be quite accurate for the (A0/) reflections, upon which the 
principal analysis is based, because the cross-sections of the crystals normal to the b axis are very 
small. For the other zones of reflections, which bring in a crystal dimension of 1 mm. or more, 
the corrections are less satisfactory, particularly for the nickel compound, and the resulting F 
values will not be so accurate; but they are quite sufficient to confirm the results of the principal 
analysis of the (40/) zone. 

Determination of Phase Constants.—The unit cells contain two molecules, and therefore, in 
the case of nickel phthalocyanine, two nickel atoms which are situated at centres of symmetry at 
(000) and ($40). These atoms are always in phase for the (40/) zone of reflections. If the iso- 
morphism of phthalocyanine and its nickel derivative is sufficiently close, the structure factor 
of the latter can be expressed as the sum or difference of two structure factors, viz., that of the 
nickel atoms alone and that of the remainder of the compound. It is the sum if the nickel and 
the remainder act together, and the difference if they do not. By examining for each reflection 
the sum and the difference of the factors for the compound with and without nickel, it is easy to 
settle which gives the factor for the two nickel atoms in the cell, because the result ought to 
decline continuously from the full value for two nickel atoms as the value of sin 6 increases. 
The results are set out in Table I; F (nickel phthalocyanine) and F (free phthalocyanine) may 
each be either positive or negative, so that four possible combinations of these quantities are 
involved. But as 2F (nickel) must always be positive, only two of these combinations need be 
considered, and they are given in the table. 

The scattering factor for the nickel atom has recently been determined experimentally by 
Brindley (Phil. Mag., 1935, 20, 865; 1936, 21, 778), but for our purpose only the very roughest 
knowledge of this factor is required. In fact, it is sufficient to know that the values begin at 
56 (twice the atomic number) for zero glancing angle and diminish continuously as the angle 
increases until, for sin 6(Cu-Ka) = 0-8, the values of 2F (nickel) lie between 5 and 20, in absolute 
units. This approximate knowledge of the scattering factor is sufficient, because the nickel 
contributions calculated from the difference of the two structure factors will not, in general, be 
the true nickel contributions. The two structures, apart from the central nickel atom, cannot 
be exactly identical; but they are sufficiently alike to enable the signs or phase constants to be 
obtained without ambiguity for nearly all the reflections, as will be seen from the examples in 
Table I, where the arrow indicates the combinations of sign chosen as being correct. 

About 400 equations of this type are necessary to complete the (h0/) zones alone for the two 
compounds, and only a selection of the results is given. The results are represented more 
completely in Fig. 1, where the calculated contributions of the nickel atoms are plotted against 
the sine of the glancing angle of the corresponding reflection. The accepted value is indicated 
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TABLE I. 
Determination of Phase Constants. 
F F 2F 
(Ni deriv.)— (CygH,,N,)= (Ni) sin 0. 
(+1120) — (+776) = 344<— 0°062 
(+112-0) — (—77°6) = 189°6 
(+136°5) — (+96°3) 40°2<— 0-079 
(+136°5) — (—96°3) = 232°8 
(+ 55°0) — (A <+ 3°9) =) 0-092 
(+ 55°0) — (A <— 39) 58°9 
(+ 71-4) — (+16°6) 54°8<— 0:107 
(+ 71-4) — (—16°6) 88-0 
(— 365) — (—85°0) = 485<— 0:123 
(+ 36°5) — (—85°0) = 121°5 
(— 43°0) — (—92-1) 49°'1<— 0135 
(+ 43°0) — (—92-1) = 135-1 
(+112-6) — (+67°4) 45°2<— 0156 
(+1126) — (—67°4) = 180-0 
(— 46:0) — (—84°8) = 3883<— 0157 
(+ 46:0) — (—84°8) = 130°8 
(+129°0) — (+77°9) 51-1<— 0:159 
(+129°0) — (—77-9) = 206-9 
(A<— 56) — (—45°7) = 2) 0-183 
(A<+ 66) — (—45°7) = 51:3 
(+ 20-4) — (—19-2) = 396<— 0213 
(+ 204) — (+19°2) 1-2 
(+ 55°6) — (+17°0) 38°6<— 0°246 
(+ 55°6) — (—17°0) 72°6 
(+ 73°56) — (+36-0) 37°5<— 0-270 
(+ 73°5) — (—36-0) = 109°5 
(+ 65°7) — (+30-7) 35°0<— 0°322 
(+ 65°7) — (—30°7) 96°4 
407 (+ 73:1) — (+42°4) = 30°7<— 0°367 
(+ 731) — (—42°4) = 115°5 
024 (+ 73°5) — (+478) = 25°7<— 0°408 
(+ 73°5) — (—47°8) = 121°3 
12, 03 (+ 149) — (— 13-0) 27°9<— 0478 
(+ 14-9) — (+13°0) 1-9 
804 + 40°7) — (+186) = 22-1<— 0°539 
+ 40°7) — (—18-6) = 593 
+ 782) — (+563) = 21:9<— 0-622 
+ 78-2) — (—56°3) = 134°5 
+ 360) — (+21-2) 14-8<— 0°732 
+ 36:0) — (—21-2) 57-2 
16, 02 (+ 23-9) — (+15°6) 8-3<— 0:805 
(+ 23-9) — (—15°6) 39°5 


12, 0, 14 


( 
( 
607 ( 
( 
( 
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by a dot and the rejected value by accross. Arrows at the top of the diagram indicate further 
rejected values that lie beyond the limits of the scale. The reflections from the (009), (202), 
(804), (12,05), (14,02), and (20,09) planes of free phthalocyanine are extremely faint, the structure 
factors varying from 6 to 14 in absolute units. It will be seen from Fig. 1 that the choice of 
phase constants is uncertain for these reflections, but this uncertainty only applies to free 
phthalocyanine. - In nickel phthalocyanine the (003) and the (20,09) are also faint reflections, and 
the corresponding signs of the structure factors are doubtful. In general, as a sum or difference 
of two quantities is involved, an ambiguity only arises when one of these quantities is small. 
This normally corresponds to an absent reflection, but those mentioned above are on the border- 
line of visibility. Five of these doubtful terms have been omitted from the Fourier synthesis, 
but they amount to such a small fraction of the total that they can have but little effect on the 
final results. 

The broken line and circles represent the scattering power of the nickel atoms for copper 
radiation taken from Brindley’s revised values (Phil. Mag., 1936, 21, 778). The dots are seen to 
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congregate about this line. It should be noted that, although the dots depart considerably from 
a smooth curve, this does not necessarily indicate errors in the relative intensity measurements, 
but merely shows that the structures of free phthalocyanine and of nickel phthalocyanine, apart 
from the central metal atom, are not quite identical in detail. 
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The scattering contributions of the nickel atoms. 


Owing to the arrangement of the centres of symmetry in the space group C},, the two nickel 
atoms at (000) and ($40) contribute waves which are in opposite phase for certain reflections in 
the other zones, and consequently they make no contribution to these reflections. This happens 
in general when (h + hk) is odd, as can readily be seen from the geometrical structure factors, 
S (cf. ‘‘ International Tables for the Determination of Crystal Structure,”’ Vol. 1, p. 102) : 


S = 42cos2x(hx + 1z)cos2xky when (h + R) is even; 
S = 42sin2x(hx + /z)sin2xky when (hf + ) is odd. 


Hence when (h + &) is odd the structure factors should have nearly the same values for 
corresponding reflections from free phthalocyanine and nickel or copper phthalocyanine, a test 
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which gives another means of checking the isomorphism of the compounds. The experimentally 
determined values of F for these reflections are given in Table II, and the agreements are seen 
to be reasonably good. It follows, of course, that the phase constants of these reflections cannot 
be determined directly as in the case of the (h0/) zone. Fortunately, however, the latter zone is 
sufficient for a complete deduction of the structure, and from the results obtained, the magnitudes 
and phase constants of the reflections in Table II can be calculated and used to verify the main 
conclusions. The calculated values of the structure factors will be given in a later paper when 
the structure of nickel phthalocyanine is considered in detail. 


TABLE II. 
Comparison of (h + k) odd reflections. 


F, F, Ni F, F, Cu F, F, Cu 
Aki. C3,H,,N,. deriv. Aki. C3.H,,N,. deriv. Aki. Cs2H,,N,. deriv. 
oll 36 33 210 44 11, 2,0 36 24 
012 36 35 410 14 13,2,0 A <14 A<l18 
013 <l1l A <ll 610 <9 230 A <ll A <l4 
014 <12 A <12 810 <ll 430 A <ll <14 
015 35 35 10, 1,0 <13 630 A <ll <15 
016 38 41 12, 1,0 <15 830 A <13 <17 
017 23 31 120 <10 10, 3, 0 22 <20 
018 <19 A <19 320 <10 140 11 <16 
019 <20 A <20 520 26 340 A <l2 <16 
031 <17 A <l17 720 <13 540 A <14 <18° 
032 <17 A <l17 920 <14 740 16 <18 
033 16 14 
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Fourier Analysis of the (h0l) Zone, and Orientation of the Molecule.-—The values and signs of 
F(h0l) are given in Table III. The projected density was computed from the series 


1 +00 +00 
e(x,z) = —.— 2 = FAO) cos 2x(hx/a + Iz/c) 
o-@ 


ac sin B _ 

The summations were carried out at 1800 separate points on the asymmetric unit (half the 
molecule), the a axis being sub-divided into 120 parts (intervals of 0-165 A.) and the c axis into 
60 parts (intervals of 0-247 A.). The summation totals are not reproduced, but the results are 

TABLE ITI, 


Values and Signs of F(h0l). 
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Each contour line represents a density 


plane of the molecule is steeply inclined to the plane 


thalocyanine molecule. The 
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represented by the contour map of Fig. 2, which is drawn by interpolation methods from the 
totals. It may be noted that the summations involve the addition of over 230,000 terms, but 
the numerical work can be considerably reduced by methods already described (Phil. Mag., 
1936, 21, 176). 

All the atoms ist the molecule (except hydrogen) can be located without difficulty im the pro- 
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jection, and the positions of their centres can be determined with some accuracy. Hence, two 
co-ordinates (* and z) for each atom can be obtained directly, but the third co-ordinate (y), 
which is measured normal to the plane of the projection, is unknown. But the remarkable 
regularity of the structure makes it easy to estimate the y co-ordinates, and the results can later 
be checked against another projection of the structure described below. 

It is convenient to refer the measurements to two principal molecular axes L and M (Fig. 2). 
When lines are drawn to connect opposite pairs of atoms, (11, 11’), (10, 12’), (9, 13’), (4, 18’), etc., 
it is found that these lines are all parallel to within + 0-35°. The mean direction of 19 such lines 
is taken as the M axis, and this makes an angle of 22-9° with the a crystal axis (ny). Similarly, 
lines connecting pairs of atoms above and below the centre (7, 7’), (8, 14), (9,13), etc., are also 
found to be parallel to within + 0-4°, and their mean direction (L) makes an angle of 69-3° with 
the a axis (n;). 

The only simple explanation of this extreme regularity in an arbitary projection of the struc- 
ture is that the whole molecule is planar. If the 38 lines mentioned above were not parallel in 
the actual molecule, it would be an extraordinary coincidence that they are parallel in this 
projection. This does not exclude the possibility of troughs running across the molecule, but the 
regularity of the distances (see below) and the presence of the centre of symmetry make this very 
unlikely. 

The benzene rings at the four corners of the molecule are found to be the projections of 
regular plane hexagons, to within about 0-04 A.; i.e., opposite sides are parallel to, and of 
one-half the length of, the line through the centre joining the other two corners. Now the size 
of the benzene ring has frequently been measured in organic compounds (Proc. Roy. Soc., 1933, 
142, 659, etc.), and the most reliable value for the radius, or centre to centre distance, is 1-39 A. 
If we take this figure as a known dimension, the four benzene rings in the structure can then be 
used as “‘ indicators,’’ to determine the true orientation of the molecule in the crystal. For 
example, the benzene hexagons are greatly foreshortened in the M direction, indicating a 
considerable inclination of that axis of the molecule to the plane of the projection. Along the 
L axis the distances are practically those of normal rings, showing that the inclination of this 
axis to the plane of the projection must be small (less than 10°). Two of the four benzene rings 
are crystallographically independent, and the other two are inversions of these through the 
centre of symmetry. But as all four were drawn by independent interpolation from the sum- 
mation totals, the results are given separately. The angle between the M axis and the b crystal 
axis is denoted by yy and we have singy = r/R, where r is the measured length of a line in the 
projection, and R is the real length (inferred). In this way we obtain the following values for 
yw from the four rings 

Ring] ...4 py = 46-0° Ring 15 ... 18 py = 45-0° 
» VY... & by = 63 » 18... 18’ py = 46-2 
Mean ¢y = 45-9°. 

The mean result for the inclination of the M axis of the molecule is probably accurate to 
within 1°. The inclination of the L axis, however, cannot be determined in this way, because 
when r/R is near unity the results are unreliable. But another method is available. The two 
molecular axes L and M are inclined at 92-2° to each other in the projection, (nz; + 7), a figure 
which is probably accurate to within 0-2°, as it is the mean of 19 different pairs of lines. Now it 
is safe to assume that these two axes are at right angles in the actual molecule. If they were 
not, interatomic distances on one side of the molecule, including distances within the benzene 
ring, would be contracted, while corresponding distances on the other side would be relatively 
expanded, a condition which is extremely improbable. The apparent departure from perpendic- 
ularity of the axes L and M must be due to the orientation of the molecule and can therefore 
be used to give an accurate measure of the inclination of the L axis from the plane of the pro- 
jection. We now have the necessary conditions for deriving the complete orientation of the 
molecule in the crystal. 7, %z, and w, denote the real angles which the L axis makes with the 
a and 6 crystal axes and their perpendicular, while yy, 4, and wy are the corresponding angles 
for the M axis. xz, and yy are the observed angles which L and M make with the a axis in the 
projection. The conditions are 


(1) cos* xz + cos* %, + cos*w,; = 1 (4) cos a; = cos x, tan n; 
(2) cos*y a + cosy + cos*wy = 1 (5) cos @y = cos yy tan ny 
(3) cos xz COS xy + COS Hy COS py + COSW;CoS@y =O (6) py = 459° 


from which we obtain the following values for the direction cosines of the molecular axes 
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LL = 69-3°, cos x, = 03532 xy = 48-6°, cosyy= 0°6615 yy = 131-4°, cosyy = — 0-6617 
$y = 87-7°, cos pH, = 0-0395 yy = 45:9°, cosyy =  0°6960 y= 44:2°,cosyy= 00-7169 
w= 20°8°, cosa, = 09347 wy = 106-2°, coswy = —0°2794 wy = 77°3°,coswy= 0:2197 


The last three quantities refer to the direction of the normal to the molecular plane. 

Molecular Dimensions and Co-ordinates.—Although all the carbon and nitrogen atoms in the 
molecule can be clearly seen in the projection of Fig. 2, the precision with which their centres can 
be determined necessarily varies in different parts of the projection, and can best be estimated by 
a study of the map. The nitrogen atoms 11 and 7 are most clearly defined, and in the benzene 
ring, atoms 2, 5, 16, and 19. The centres of these can be determined fairly accurately (+ 0-02 
A.), but the resolution of the other atoms is not quite so satisfactory. It is found, however, that 
projections of regular plane hexagons can be inscribed on the benzene rings, and that the atoms 
lie on the corners of these hexagons, with some possible small deviations in the case of the less 
perfectly resolved atoms, which are noted in the next section. The positions of the centres of all 
the atoms were estimated, and the co-ordinates measured parallel to the molecular axes L and 
M, with the results shown in Table IV. 

TABLE IV. 


Co-ordinates with Respect to Molecular Axes. 


Mean value, A. 
>! 
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The atoms are grouped in symmetrical pairs above and below the M axis, and are denoted by 
the numbers in the first column. Individual measurements of the co-ordinates of these atoms 
are given by the next four numbers. The four-fold symmetry of the molecule is shown by the 
similarity of the co-ordinates of the two atoms in each pair. The differences are so small that 
they may be ascribed to experimental errors, and consequently the numbers have been averaged 
in the last two columns, and multiplied by the sines of the inclinations of the molecular axes to 
the projection axis (b), which reduces the measured values to actual molecular dimensions. 
From these figures the interatomic distances and valency angles are easily obtained, and the 
results are shown in Fig. 3. There is a possibility that atoms 8 and 14’ may lie about 0-04 A. 
nearer to 7 than is shown in Fig. 3. The positions assigned, however, make allowance for 
overlap, and seem the most probable. 

The co-ordinates of the atoms referred to the crystal axes, which are required for calculating 
the structure factors, etc., are obtained by combining the molecular co-ordinates L and M 
with the orientation angles according to the relations 


x = Lcosy, + M cos xy 
y =Leoos¢, + Mcospy x= — 2’ cotB 
2? =Lcosw,+ Mcoswy z= 2’ cosecB 


(x’yz’) are rectangular co-ordinates referred to the a and b crystal axes and their perpendic- 
ular, and (#yz) are the monoclinic crystal co-ordinates. The numerical results are given in 
Table V. It should be noted that x and z can be obtained by direct measurement of the 
projection, but y can only be obtained by calculation. 


DISCUSSION OF THE STRUCTURE. 


The molecular dimensions shown in Fig. 3 indicate the type of bond between the various 
atoms. The closed inner system consisting of 16 carbon and nitrogen atoms is one of 
great stability, and is of frequent occurrence in Nature, forming the nucleus of the por- 
phyrins. The interatomic distance has the practically constant value of 1-34 A., with 
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TABLE V. 
Co-ordinates with Respect to Monoclinic Crystal Axes. Centre of Symmetry as Origin. 


a, A. 2x /a. y, A. 2wy /b. z, A. Qaz/c. 
123°7° 3:12 238°1° 4°22 102°7° 
116°2 3°76 286°5 2°80 68°1 
89°0 3°43 261°5 1°46 35°6 
71°3 2°48 189-0 1°53 37°3 
79°8 140°6 2°95 71-8 
165°2 4°29 104'3 
10°4 3°79 92°2 
68-2 2°62 63°8 
74°5 1-09 26°5 
143°6 0°39 9°6 
1760 —1:10 26°7 
136-7 —2°14 
66-1 — 1:96 
52-0 —3°37 
207°6 — 6°99 
262-0 —6°21 
245°0 —461 
174°5 — 3°80 
119°9 —4:57 
136°6 —6'16 
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5 
Dimensions of the phthalocyanine molecule. 


an average possible error of about -+ 0-03 A., a figure which points to single bond—double 
bond resonance between the carbon and nitrogen atoms. 

This inner system is connected to the benzene rings by carbon-carbon bonds of quite a 
different type, the distance here being 1-49 + 0-03 A. If we use the empirical function 
expressing the dependence of carbon-carbon interatomic distance on bond character for 
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single bond-—double bond resonance given by Pauling, Brockway, and Beach (J. Amer. 
Chem. Soc., 1935, 57, 2706), this distance of 1-49 A. would indicate from 12 to 15% of double- 
bond character in these links. This is very similar to the type of bond between conjugated 
benzene rings in diphenyl and #-diphenylbenzene (Dhar, Indian J. Physics, 1932, 7, 43; 
Pickett, Proc. Roy. Soc., 1933, A, 142, 333). From the chemical structure (I), however, 
we should expect the somewhat higher double-bond character of 25%; but the main point 
of interest lies in the equality, within narrow limits, of these eight bonds which connect the 
benzene rings to the inner resonating system. This result emerges directly from the X-ray 
measurements. 
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With regard to the benzene rings, the dimension of 1-39 A. was assumed in calculating the 
orientation of the molecules; but the fact that the rings appear as sensibly regular hexagons 
confirms the validity of this assumption. Some of the carbon atoms (e.g., 1, 4, 6, 20) are 
not very perfectly resolved, and in order to see if any systematic deviations from regularity 
might exist, an attempt was made to estimate the centres of all the atoms independently, 


without trying to inscribe the projections of regular plane hexagons on the rings. The 
interatomic distances obtained were as follows (in A. units) : 


12=139 4,5=1-36 15,16 = 1-35 18,19 = 1-37 
2,3=140 5,6=1-38 16,17 = 1:39 19,20 = 1-38 
3,4=—144 6,1 = 1-35 17,18 = 1-38 20,15 = 1:35 


The angles were all within 3° of 120°. On the whole, systematic deviations do not seem 
to occur. The variations are, perhaps, not larger than might be expected from the lack of 
resolution of the atoms, due to incompleteness of the Fourier series and experimental 
errors. 

There are two conflicting possibilities, either of which might affect the dimensions of the 
benzene rings in this structure. If the links connecting them to the inner system have 
sufficiently high double-bond character, there might be a tendency to o-quinonoid ring 
formation, as in (II). On the other hand, measurement of the angles in the isoindole ring 
(compare Fig. 3) shows that the links emerging from the benzene rings are very considerably 
strained out of the normal (120°) positions, the mean value of the two angles being about 
105°. Following the work of Mills and Nixon (J., 1930, 2510), and more recently of Sidg- 
wick and Springall (this vol., in the press), this might lead us to expect a different stabilis- 
ation of the Kekulé forms, as shown in (III). In both (II) and (III) the 4, 5 link might be 
expected to exhibit a certain degree of single-bond character beyond the other links, but 
there is no experimental evidence of this in our results. 

There does exist, however, another distortion, affecting the whole molecule, which 
appears to be large enough to permit of fairly definite measurement. This is a departure 
from true tetragonal symmetry, and is best seen by comparing the lengths of the horizontal 
and vertical lines joining corresponding pairs of atoms (compare Fig. 3 and Table IV). 
Taking first the lines connecting atoms on the inner carbon-nitrogen system, the lengths 
(in A.) are 


(I.) 
(III.) 


Horizontal lines. Vertical lines. 
8, 14’ = 2-26 10, 12’ = 5-28 10, 12 = 2-29 8, 14 = 5-42 
9, 13’ = 2-65 11,11’ = 6-64 9,13 = 2-76 7,7' = 6-86 
4H 
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The horizontal lines are all shorter than the corresponding vertical lines, the discrepancy 
increasing as we descend from the apex of the molecule at the nitrogen atom 7. If, how- 
ever, the lines are taken to connect corresponding atoms on the benzene rings, the situation 
is reversed, the horizontal dimensions in Fig. 3 being the greater, as shown below. 


Horizontal lines. Vertical lines. 
1, 15’ 840 5,19’ = 4-90 2,16 8-16 4,18 = 4-82 
6, 20’ 5-69 3,17’ = 9-54 3,17 550 6,20 = 9-46 
2, 16’ 10:34 4,18’ = 6-84 1,15 10-14 5,19 = 6°81 


In this case the discrepancy diminishes as we descend from the highest line, 1, 15’. 

It is impossible to explain these two contrary departures from true tetragonal symmetry 
by an error in calculating the orientation of the molecule, and the differences seem much too 
systematic to be accounted for by random experimental errors, or deficiencies in the Fourier 
series. They can be explained very easily by the simplified model shown in Fig. 4, where 
the zig-zag C-N links (7, 8, 9, 10, 11) are replaced by the straight line AB. The benzene 
ring is situated on the outer portion of the line CD. If a distortion is caused, ¢.g., by a 

: force operating between E and F, the dotted lines 
7m & show that the dimensions change in a manner which 
explains all the measurements given above, at least 
qualitatively. The angle at A will diminish, and 
that at B willincrease. In the actual molecule these 
angles are 115° and 119°. 
EF in the simple model corresponds to the 
distance between the isoindole nitrogen atoms (9, 13’) 
in the molecule, which is 2-65 A. Now this distance 
is just about the right order for hydrogen-bond 
formation as between oxygen atoms in acids and 


acid salts (Pauling, J. Amer. Chem. Soc., 1931, 58, 

1367, etc.). Quantitative data on the distances 

involved in hydrogen-bond formation between 

nitrogen atoms are not available, but there seems 

little doubt that they can occur. The presence of 

hood such internal hydrogen bonds in the phthalocyanine 
Simplified model of the phthalocyanine ry >Jecule would help to explain the distortion from 


molecule. 


true tetragonal symmetry. 

Another Projection of the Structure——No other projection of the structure is possible 
which gives a resolution of the atoms in any way approaching that obtained along the } 
axis. If we try to make a projection nearly normal to the plane of the molecule, other 
interleaving molecules come behind, and the resulting diagram is hopelessly obscured. It 
is, however, important to study the other zones of reflections to obtain more direct confirm- 
ation of the values assigned to the y co-ordinates, which are based upon the calculated 
orientation and assumed flatness of the molecule. When the structure factors for these 
other zones are calculated from the co-ordinates in Table V, good agreements with the 
observed values are obtained, of which details will be given in a later paper. The pro- 
jection along the c axis, corresponding to the (ARO) zone of reflections, has been chosen for 
detailed study, and a Fourier synthesis is given in Fig. 5. The coefficients are given in 
Table VI. The signs, or phase constants, of the (4 + &) even planes were obtained in the 
same direct manner as before, but for the (4 + &) odd planes the signs are from the calculated 
values of the structure factors. 

The drawing to the right of the contour map is prepared from the co-ordinates in Table 
V (atoms half size) and shows the complicated way in which seven phthalocyanine mole- 
cules overlap in this projection. Only the portion within the dotted line, representing one 
unit cell, is complete. 

Only the atoms 3 and 3’ are separately resolved in this projection of the structure, but a 
careful study of the map shows that the contour lines correspond faithfully to the calculated 
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TABLE VI. 
Values and Signs of F(hk0). 
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positions of the atoms. This is especially evident near the empty portions of the structure 
at the centre, and at the centres of the benzene rings. If any considerable distortion from 
the planar form existed in the molecule, it would be evident from this projection. 

The co-ordinates of atom 3 estimated from this projection compare with the previous 


values as follows : 
y, A. 


Measured from c projection . 3°34 
From b projection and calc. orientation : 3°43 
The agreements are perhaps as close as can be expected, in view of the unsatisfactory 
nature of this projection, and the difficulty of making accurate intensity measurements 
in this zone. 


Intermolecular Distances and Arrangement of Molecules in the Crystal. 


The way in which the phthalocyanine molecules interlock to form the crystal is shown by 
the group in Fig. 6, which is a small-scale reproduction of the b-axis projection. Although 
appearing identical in this projection, the planes of the molecules are actually inclined in 
opposite directions to the plane of the projection (010). Thus, if the two end molecules in 
the lower row are inclined to the right, the middle one is inclined to the left, and the two end 
ones of the upper row are inclined to the left. The molecular planes are inclined at 44-2° 
to the (010) plane, and consequently the planes of adjacent molecules are almost 
perpendicular. 

Identical molecules recur along the } axis at intervals of 4-72 A., and the perpendicular 
distance between the planes of these parallel molecules is b.cosysy = 3: 38 A., almost identical 
with the interlaminar distance in graphite (3-41 A.). When a projection is ‘taken normal to 
the molecular planes, none of the atoms in the parallel molecules at either end of the } axis 
comes exactly over another, the nearest approaches being between 17 and 14, and between 
3 and 8 (carbon atoms) where the distances are 3-41 A. The nitrogen atoms 13 and 9 are 
nearly as close, the distance being 3-44 A. 

The shortest intermolecular distance which has been found in the whole structure occurs 
between the benzene carbon atom 2 on the standard molecule, and the nitrogen atom 11’ 
on the reflected molecule ($a, $4, removed) where the value is 3-35 A. No other approach 
of less than 3-5 A. has been found, although between the benzene carbon 1 on the standard 
molecule and the benzene carbon 15 on the reflected molecule one translation along the c 
axis and one translation along the 6 axis, the distance is as low as 3-63 A. These results 
show that the usual order of minimum intermolecular distance, which occurs when only 
van der Waals forces are operative between the molecules, is maintained in the phthalo- 
cyanine structure. 
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SUMMARY. 


The structure of phthalocyanine has been determined by direct X-ray analysis of the 
crystal. The usual difficulty of the unknown phase constant, which necessitates a pre- 
liminary analysis by trial, has been overcome by comparing absolute measurements of 


Fie. 5. 


Projection along the c axis showing the complete unit cell, and how parts of seven phthalocyanine molecules 
contribute to the structure. Each contour line represents 2 electrons per A.*, the two-electron line being 
dotted. 


corresponding reflections from nickel phthalocyanine and the metal-free compound, 
which leads to a direct determination of all the significant phase constants in the (#0/) zones 
of the two compounds, numbering about 300. A Fourier analysis of these results deter- 
mines two co-ordinates of each carbon and nitrogen atom in the structure, and the regu- 
larity of the projection shows beyond doubt that the molecule is planar. The orientation 
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of the molecule in the crystal is deduced, and the third co-ordinates of the atoms calculated. 
The results are then confirmed by a second Fourier projection of the structure, along the 
c axis. 

The results show that the chemical structure assigned to the compound by Linstead is 
correct, and give further information about the type of valency bonds. The inner nucleus 
of the molecule, which is common to the porphyrins, consists of a closed system of 16 
carbon and nitrogen atoms, which appear to be in a state of double bond-single bond 
resonance, the interatomic distance having the appreciably constant value of 1-34 + 0-03 A. 
This inner system is connected to the four benzene rings by C-C bonds of length 1-49 + 
0-03 A., which indicates a small percentage of double-bond character. The benzene rings 


Scale 
- 


A group of phthalocyanine molecules in the b axis projection. Each contour line represents 
two electrons per A.*. 


are sensibly regular, such variations in their C-C distance as do occur being of small order 
and apparently erratic, probably owing to deficiencies in the Fourier series. The carbon 
links emerging from the benzene rings are strained about 15° from their normal positions. 
In addition, the molecule as a whole suffers a small distortion from true tetragonal symmetry, 
probably due to the existence of an internal hydrogen bond between the two isoindole 
nitrogen atoms. 

In the crystal, the planes of adjoining rows of molecules are almost at right angles, and 
the minimum intermolecular approach distance is 3-35.A. The perpendicular distance 
between the molecular planes of parallel molecules is.3-38 A. 


Tuer Davy FARADAY RESEARCH LABORATORY OF THE 
Roya INsTITUTION. (Received, June 26th, 1936.] 
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256. Structure of Benzene. Part IX. Direct Observation of the 
Fluorescence Spectra of Benzene and Hexadeuterobenzene Vapour in the 


Region of Absorption. 
By CHRISTOPHER L. WILSON. 


THE resonance spectrum emitted by benzene vapour at 0-1 mm. when irradiated by the 
mercury line at 2537 A. is due to transitions from a vibration level in the excited state to 
one of the various permitted vibration levels of the ground state. Rotation may be 
disregarded for the present purpose since its only effect is to give the vibration bands a 
certain fine structure. Although the initial energy level, and consequently the position of 
the whole spectrum on a frequency scale, depends upon the excitation employed, the 
vibrational structure is dependent only on the vibrational levels of the ground state. 

Upon increasing the pressure of benzene vapour the vibrational energy of the excited 
molecule is dissipated by molecular collision before emission. Consequently the resonance 
spectrum is quenched and replaced by the characteristic high-pressure fluorescence. This 
is due to transitions from the non-vibrating electronically excited molecule to the various 
possible vibration levels in the ground state. 

These matters have been dealt with fully in Parts V and VI of this series (this vol., 
pp. 941, 955). In the former, the high-pressure fluorescence spectra of benzene and 
hexadeuterobenzene were satisfactorily analysed by the assumption of three electron levels 
and two vibrational frequencies of the ground state. Only one of these levels (Ag°) * was 
directly observed as the common origin of the two vibrational progressions, each of which 
has a spacing equal to one of the vibration frequencies. 

The other two electron levels (Bg® and C,°) would be represented by bands on the short- 
wave side of A,®, in a region of strong absorption, and they, along with the first few corre- 
sponding vibration bands, were unobserved. However, an estimation of the energies of 
Co and B,° could have been made by an analysis of as much of their vibrational progres- 
sions as appears on the long-wave side of Ag? which is the limit of strong absorption; any 
such argument, however, could not have been regarded as conclusive. 

The levels By® and C,° for benzene and hexadeuterobenzene have now been directly 
observed by a method depending on an observation of Cuthbertson and Kistiakowsky 
(J. Chem. Physics, 1936, 4, 9) which had not been published at the time of our previous 
work. They showed that if the resonance emission of benzene is quenched, not by an 
additional pressure of benzene molecules, but by some non-absorbing foreign gas, it is 
possible to observe the whole of the fluorescence spectrum arising from the three electron 
levels we are interested in, and in particular that portion of it which overlaps the region of 
absorption. It is reasonable to expect such a difference in behaviour between benzene at a 
high pressure and at a low pressure in the presence of a foreign gas, since absorption and 
emission are different functions of the pressure; the former, following an exponential law, 
falls off the more rapidly as the partial pressure of benzene is reduced. 

In the experiments now described nitrogen at 760 mm. and benzene at 0-1—0-3 mm. 
gave the best results. This high pressure of foreign gas was necessary because even at 
40 mm. the resonance emission was incompletely quenched; the characteristic doublet 
at 38,212 cm."! was still prominent. 

The Spectra and their Analysis.—Only that portion of the fluorescence on the short-wave 
side of Ag® has been measured, since a full description of the rest is given in Part V. The 
results for benzene are in Table II (in which I represents the intensity), and the arrange- 
ment into vibrational progressions of 162 cm.1 spacings in Table III. The spectrum is 
shown in the upper half of the fig., in which the lines are plotted on a frequency scale. 
The intensities are qualitatively estimated from microphotometer tracings. 

Cuthbertson and Kistiakowsky’s brief description of the spectrum as well as our previous 


* The general notation (A, B, or C),? was used to represent a band, m and p being the quantum 
numbers of the two vibrations. 
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deductions are adequately confirmed. The two progressions are separated by 83 cm."} 
and revised values of the frequencies of Bg® and C,° are given in Table I. 


TABLE I. 


Electron Terms in Fluorescence of Benzene and Hexadeuterobenzene (cm.”). 
Symbol. C,H,. C,D,. Av. 
A,° 37,473 37,709 236 


B,° 38,522 38,710 188 
C,° 38,605 38,789 184 
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There is one minor difficulty. Each band in the C-series from Cy! onwards has been 


assumed to possess at least two maxima about 30 cm.“ apart, and although the results 
might have indicated a fourth electron level there is no support for this alternative either in 
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the rest of the fluorescence spectrum (Part V) or in the spectrum of hexadeuterobenzene 
(below). Rotational fine structure gives the bands considerable width (C,° is 75 cm. 
broad) and perhaps a variation of the normal intensity relations within a band can be 
caused by the superposition of the bands of an absorption system which originates at A,° 
and progresses towards the ultra-violet. The satellites associated with Cy* and C,° are 
particularly strong and were recorded in our previous measurements (Part V). 

Hexadeuterobenzene gives an analogous spectrum (see fig., lower half); Bg® and C,° are 
located at positions indicated in Table I, and, compared with benzene, they are shifted 
towards the ultra-violet by reason of the smaller zero-point energy of the heavier molecule. 
The separation between the two progressions, now of 142 cm. spacing (see Table V), is 
79 cm.7}, 

In the figure both spectra have been continued as far as the A,® band head to indicate 
their complementary nature to Fig. 3 of Part V. 


EXPERIMENTAL. 


The apparatus has been described previously (Part V, /oc. cit.). and was adapted to the present 
requirements. 
TABLE II. 
Fluorescence Spectrum of Benzene Vapour. 
(Short-wave section.) 
A (air), v (vac.), A (air), » (vac.), A (air), v (vac.), 
A. cm.", A. cm.-?, : A. cm. 
2589°07 38612°4 2603°88 38392°8 2621°03 38141°6 
9°36 08-0 4°31 “4 1-63 32°8 
9°55 05-2 4°65 . 4 30°8 
9°67 03°4 4°85 . 4 25°3 
2590°04 38597°9 5°76 p y 21°8 
0°38 92°8 6°14 . ~ 18-1 
87°9 6°77 
80°6 7°17 
741 7°54 
71°4 7°72 
67:2 8-11 
62°5 8°49 
57°3 9-03 
53°8 9°43 
47°9 9°70 
43°7 2610°36 
38-0 0°83 
29°8 1°26 
22-4 1°46 
19°2 1-78 
1:97 
2°24 
2°70 
3°05 
3°42 
3°94 
4°26 
4°48 
4°66 
5°26 
5°80 
6°39 
6°55 
6°70 
7°33 
771 
8°13 
8°49 
8°86 
9:13 
9°32 
9°57 
9°87 
2620-09 


A (air), »v (vac.), 
A. cm.~!, 


2637°77 37899°5 
‘1 94°8 
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TABLE III. 
Series Assignment of Band Maxima in the Fluorescence Spectrum of Benzene Vapour. 


se 


Frequency 
(v, cm.—*) 
38605 


Band 
No. 


Mean 162:1 





n-Spacing 
(Av). 


-Spacin 
P (5) g 


Frequency 





Band 
No. 


n-Spacing 
(Ay). 


TABLE IV. 
Fluorescence Spectrum of Hexadeuterobenzene Vapour. 
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TABLE V. 


Series Assignment of Band Maxima in the Fluorescence Spectrum of Hexadeuterobenzene 
Vapour. 


n-Spacing Band Frequency p-Spacing n-Spacing Band Frequency p-Spacing 
(Ay). No. (v, cm.—). (dv). (Ay). No. (v, cm.-*), (Sr). 
38709°8 140°8 38789°1 142-0 
38569°0 " 38647°1 
‘ 141°6 ' 143°7 
38427°4 . 38503°4 
? 137°7 134°9 
38289°7 ‘ 38368°5 
‘ 148-1 4 139-9 
38141°6 i 38228°6 
4 134°4 ‘ 150-2 
38007°2 é 38078°4 
. 135°7 4 144°5 
37871°5 144°4 37933°9 146°5 
37727°1 37787°4 
Mean 140°4 Mean 143°1 
37764°5 37841°4 





Pure oxygen-free nitrogen, dried over phosphoric oxide, was allowed to enter the apparatus 
through a miniature needle valve. After passing over solid benzene maintained at a constant 
temperature by a bath of liquid ammonia undergoing evaporation at various rates (depending 
on the partial pressure of benzene required), the gas entered the fluorescence cell. This was 
followed by a calibrated capillary (approx., 1-5 cm. by 0-3 mm. diameter bore), a liquid-air trap, 
andapump. The pressure in the cell was determined by the setting of the needle valve, and was 
measured by a small mercury manometer which could be isolated whilst an exposure was being 
made. At 20 mm. of nitrogen (benzene 0-2 mm.) the rate of flow was such that the vapour in 
the fluorescence cell was renewed every 30 seconds. 

The pump was unnecessary in the experiments involving nitrogen at atmospheric pressure. 
Exposures varied from 10 to 40 hours. The rest of the technique has been described before. 


The author thanks Professor C. K. Ingold, F.R.S., for his interest. 


UNIVERSITY COLLEGE, LONDON. (Received, June 26th, 1936.] 





257. Rhythmic Turbidity in the Precipitation of Barium Sulphate. 


By Epmunp B. R. PRIDEAUX and GEORGE E, L. CARTER. 


THE instruments used in this investigation were the turbidimeter of the disappearing-filament 
type, called D.F., and the photoelectric densitometer, called P.E. We prefer to term the latter 
an opacimeter. 

The theory of the D.F. instrument is treated fully in a paper by Toy, Davies, Crawford, and 
Farrow (Report on Turbidity, Proc. 7th Internat. Cong. on Photography, 1922). A lamp filament 
is viewed through a layer of suspension the thickness of which may be varied. The extinction 
depth is reached when the apparent brightness of the filament and that of the adjacent back- 
ground are not to be distinguished one from the other. The sensation excited by the apparent 
brightness of the filament decreases as the thickness d of the obscuring layer increases from zero. 
The apparent brightness of the adjacent background at first increases, and then decreases, with 
increase ind. At the extinction depth d, the eye cannot distinguish between the two adjacent 
brightnesses. The sensitivity of the eye for contrasts in brightness varies with the total light 
intensity in the field. There is, however, a range of total intensity of illumination over which 
the contrast sensitivity of the eye is constant, and this constant value is found to be a minimum. 
Toy, Davies, Crawford, and Farrow (loc. cit.) define visual turbidity as follows: If the total 
retinal brightness of the filament image is f’, then this is also equal to f + s, where f is the bright- 
ness due to undeviated light, and s that due to scattered light. Let s’ be the brightness of the 
field immediately adjacent to the filament, and further, let 3B be the least difference of brightness 
perceptible at brightness B; 8B/B is the contrast sensitivity or Fechner’s fraction, which may 
be written as K. By plotting log f’ and log s’ against thickness of obscuring layer, two curves 
are obtained, which approach one another until their distance apart has been reduced to K, 
when , 
beti+s)—lepe mE 2 i ww lk tere oh) 


The thickness at this point is the obscuring thickness d,. If the total intensity range has been 
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chosen so that 8B/B is a minimum, then K is a constant, which is independent of variation of f’ 
within the chosen range, as verified by Walsh (‘‘ Photometry,’’ 1927, p. 52). 
Equation (1) may then be put into the form 


f|s = e** = const. (where const.= K). . . . . «. (8) 


The definition of turbidity then follows: ‘A turbid medium is one that scatters light, and its 
visual turbidity for a given observer, apparatus, and wave-length of light is the inverse of the mass 
of the disperse phase per sq. cm. at the obscuring thickness when measured under conditions such 
that the least sensation difference which the eye can detect is a minimum.” 

When the brightness is of the correct order, the highest and lowest values for total intensity 
which occur in using the instrument will lie within the region where 3B/B is constant, and 
Renwick’s dilution law (Roy. Photograph. J., 1927, 67, 185) will hold, i.e., dc = constant (where 
¢ = concentration of obscuring substance). 

The instrument used in this work was a modified Donnan-type colorimeter. A filament 
lamp working from 220 volts D.C. mains was fixed below the cup, which was painted black out- 
side, except for the window at the bottom. The lens was removed from the eye-piece, which was 
replaced, and the path of the light, which would normally pass through the standard cell and the 
remainder of the field, was blocked. The image of part of the filament could be observed by 
applying the eye to the pin-hole in the eye-piece. 

The Photoelectric Opacimeter, P.E.—As the thickness of a layer of a turbid medium is increased 
from zero, the rate of loss of brightness of the undeviated light is at first greater than that of 
increase of brightness from emergent scattered light; hence, for a thin layer, densitometric 
measurements may bear a definite relationship to turbidimetric. If the scattering power of the 
obscuring substance is small, this relationship may hold for an appreciable thickness of layer. 
In the experimental densitometer or opacimeter a beam of light from an opal lamp of 100 watts 
run from 220-volts D.C. mains passed vertically downward through two apertures in alinement 
and 7 cm. apart (to secure approximate parallelism), then impinged upon a Petri dish which stood 
upon the flat surface of a planoconvex condenser lens. An aperture in a piece of black paper 
between the dish and the flat surface of the lens corresponded in size, shape, and alinement with 
the other apertures. At the focus of the lens was placed the window of the photoelectric cell, 
which was of the cuprous oxide type, having a resistance of several thousand ohms. The window 
was only partly covered by the beam of light. The E.M.F. was registered by a sensitive mirror 
galvanometer (an Onwood by Gambrell) having a resistance of 860 ohms at 20°. Deflections 
were reduced in a definite proportion by addition of suspensions from a burette. The depths of 
these suspensions were accurately controlled on account of the large surface of the dish. 

Registration marks were made upon the dish, and upon its support, as the dish was not 
optically worked, and variable results might be obtained from different orientations. 

Calibration of Instruments.—The suspensions used in calibrating the D.F. instrument were 
prepared as follows. 10 C.c. each of N/10-solutions of pure barium chloride and potassium 
sulphate were well mixed by pouring, allowed to stand, heated, made up to 250 c.c., and kept 
over-night. The variations between successive readings upon this suspension carried out in the 
manner to be described were not more than 2—3%, which is the average error of these determin- 
ations. A known dilution of the well-mixed suspension was placed in the cup; the plunger was 
lowered to d = 0 on the scale at the side, and was then raised until the filament just disappeared. 
These observations are fatiguing, and much practice is needed to obtain satisfactory results. 
The optimum brightness defined above was first obtained. A screen consisting of a photographic 
plate, exposed in sections for various times, and then developed and fixed, was interposed 
between the lamp and the cup, and the concentrations c (in millimols./l.) of the suspensions were 
varied. Values of d,c were plotted against d, as shown in Fig. 1. It will be observed that all 
the graphs are approximately linear, but that the product d,c increases or decreases with reduc- 
tion in d,, except at a certain illumination controlled by screen 3, which gave the required relation 
with two separately prepared suspensions. After much practice in measuring the solution, 
mixing, and reading the extinction depth, the whole operation could be completed and recorded 
in 4 minutes, allowing such rest to the eye that observations could be continued for as long as 
40 minutes. 

Under the standard conditions, turbidities, T, are expressed as 1000/dc. This has the 
dimensions of an area, é.g., cm.?/g. Suppose that ¢ is expressed in g./1000 cic., then T = 
10/d, X ¢ = turbidity or obscuring power in dcm.?/g., is a convenient unit. When concentrations 
are constant in a series of suspensions, 10/d, may be used to compare turbidities, — 
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In the case of the photoelectric instrument, variations in the supply voltage, and hence in the 
intensity of the illumination, were almost eliminated by taking extinction coefficients. The 
intensity of the light source, determined at intervals during 20 minutes, varied as shown in Fig. 1 
by about + 2% between extreme values. A ground-glass plate was placed over the trough, and 
the resulting intensity was measured alternately with that of the light source, J,. The mean 
values of log J,/J showed maximum deviations + 0:95 on the mean value. The extinction 
coefficient was taken as a measure of the opacity,O. Although no exact proportionality between 
O and T was to be expected over a wide range, yet an approximate proportionality over a limited 
range could be obtained as follows. The total net effect measured as extinction depth d, varies 
directly as the light transmitted forward, and inversely as that scattered forward, whilst the 
intensity of illumination J, measured on the P.E. instrument, includes both transmitted and 
scattered light. If, however, the intensity J after absorption includes only a small proportion 
of scattered light, which is further reduced by selecting a narrow beam parallel to the direction 
of incidence, then O should be nearly proportional to T. This was confirmed experimentally. 
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Preparation of the Experimental and Standard Suspensions.—The suspensions under investig- 
ation were prepared by mixing in a uniform manner, which was designed to ensure that precipit- 
ation should take place on existing nuclei. 100 C.c. of N/100-potassium sulphate were well 
mixed with 10 c.c. of N/100-barium chloride, and kept for 5 minutes; 200 c.c. of water, buffer 
solution, or dilute gelatin were added, the mixture was stirred and kept for 2 minutes, the 
remainder of the barium chloride then added, and the whole well mixed by pouring to and fro. 
The suspensions were then investigated in the D.F. and sometimes in the P.E. instrument. 

Effects of Variations in the Concentrations of the Hydrogen and Other Ions.—On account of one 
of the original objects of the work, many of the solutions contained up to 0-02% of gelatin, but 
this apparently had no effect on turbidities. Results obtained for N /400-barium sulphate in 
various buffered or unbuffered solutions are shown in Fig. 2. The more acid solutions, of 
Pu 1—3, were obtained with hydrochloric acid, those of pq 3—4 with acetic acid, py 4—6 with 
gelatin and acid or alkali, or with acetate buffers, and of pq 7 with phosphate. On account of the 
variability referred to below, results were represented as maximum, or more usually as average, 
turbidities. These were calculated by a graphical method. Squares under the curves were 
counted, and the area was converted into a rectangle, the base of which was the time axis. The 
Pu values were sometimes calculated, sometimes determined with the aid of indicators. 

It is evident that the mean (and also the maximum) turbidities increase with diminution of 
pu for constant concentrations of suspensions. The highest maximum is at pg 3 in the presence 
of gelatin. The few values which fall far off the curves can usually be explained. The abrupt 
drop in the presence of higher concentrations of hydrochloric acid is probably due to incomplete 
precipitation. An acid phthalate solution at pg 3 gave a normal T = 9-18, while an alkali 
phthalate at py 5-1 gave only 5-2, the normal value in acetate at pg 4:7 being 9-6. The precipitate 
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in the alkali phthalate was in an unusually coagulated condition. Also, the observations with 
the D.F. instrument lay nearly on a straight line, so that no rhythmic effect was present. Phos- 


phate buffer at pq 7-3 gave T = 7:24, but at py 9 gave a high value, 11-34, probably due to the 


presence of barium phosphate. 
FIG. 3. 
@) Gelatin,p,6. (6) Gelatin, p,3°5. 
Ih ; 
iN (c) Ammonia, pyll. 


0001 —_be f 1000- 
"a Ne i 
AY, 

10 20 30 40 


900- a 900 

| 

0 0 20 3 4 530 0 0 20 3 4 50 6 O ; 
Minutes. Minutes: Minutes. 


(d)Gelatin, p,4-2; N/400-BaS0,. e 


I} oA. A 






















































































600 





> 
N 





S 


wari 


re Sat 





) 
y 
(7109) (I/F 607) 


T(cm?/g.) (Curve ©). 
s 
o 
WD 





s 
































10 20 30 40 50 24 34 44 
Hours. 


Minutes: 
O, Suspension E 1(1). A, Suspension E 1(2). 
Fie. 5. 


Conductivity water; N/400-BaSQ,. 





Fic. 4. 
WN /400-BaSQ,. 


17 f 
wT, Pe 


: f 
wf 
800 
\x 
VY FF 


600 
0 0 20 30 40 50 60 



























































Minutes. p 


O, Gelatin, py 3; constant stirring. 4 
X, Phosphate, py 7°3. 0 Dn - 7) 
Minutes. 














The Rhythmic Effect.—It soon became evident that the turbidities of suspensions prepared as 
Some of 


already described were not constant but varied in a more or less regular manher: 
the curves are shown in Figs. 3 and 4, Similar curves (Fig. 5) were obtained in solutions free 


from gelatin. The character is very well marked in a solution, ¢.g., at pq 3—4, in which the waves 
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had an amplitude of 22% of the mean value and a period of 45 minutes. The waves may begin 
in opposite phases, either with an increase or with a decrease in turbidity. 

In order to test a possible criticism that the effect might be due to ‘‘ rhythmic fatigue,” a 
similar experiment was carried out with the P.E. instrument. The results are shown in Fig. 3 
The two curves refer to the same suspension : although the wave systems are not identical, the 
general effect is confirmed. It has been repeated in solutions of various pq and this does not 
appear to be a determining factor. It appears to be initiated by mechanical stirring. Suspen- 
sions which had settled down after 30—40 minutes were kept for several hours or a week, and then 
again mixed by pouring to and fro. The results are shown in Fig.4. The whole process, starting 
from a point near that of mean or equilibrium turbidity, was repeated with the same amplitude 
but a shorter period, the same mean turbidity being reached in each case. Rhythmic variations 
in the concentration of sodium chloride and other diffusible salts when in contact with gelatin, 
hemoglobin, membranes, and particles of barium sulphate have been observed by Waelsch, 
Kettel, and Busztin (Kolloid-Z., 1936, 74, 29). Although these cannot in themselves affect 
turbidity, they may yet play a part in the interconversion of more or less turbid forms. 

Examination of Possible Causes.—Variations in the turbidities of suspensions having the same 
concentration can be explained in several ways, e.g., by change in (1) the amount, (2) the size, or 
(3) the form of the particles. 

(1) Incompleteness of precipitation. The stock solutions of potassium sulphate and barium 
chloride were exactly equivalent, as was proved by precipitation according to the method of 
Hahn (Z. anorg. Chem., 1923, 126, 257) and testing the filtrate, which did not show the slightest 
turbidity with either reagent. Selective adsorption of ions must also be considered. Inform- 
ation on this, and on the general solubility of barium sulphate, is summarised by Friend and 
Wheat (Analyst, 1932, 57, 559). When the nuclei are formed in the presence of an excess of 
potassium sulphate as described above, it might be expected that this salt would be adsorbed 
on the precipitate, leaving a slight excess of barium chloride in the final solution. Some of this 
was found to give a slight turbidity on standing, showing a slight supersaturation, and after a 
further filtration, a faint turbidity on treatment with potassium sulphate, indicating the adsorp- 
tion of this on the original nuclei. All these turbidities are so slight that they could not possibly 
account for the variations observed. 

(2) Variations in size. The sizes of the two kinds of particle, under a magnification of 335 
diameters, or as seen in photographs, appeared to be of the same order, the ratio of the linear 
dimensions of (b) to those of (a) being about 1-6. This is insufficient to account for the observed 
variations in T and O, since it appears from Dunn’s results (Ind. Eng. Chem., 1932, 24, 181) * 
that variations in the size of such large particles as we had under observation do not produce 
proportionately great changes in extinction depth. Also, in the present case the larger particles 
showed the larger turbidity, whereas the effect to be expected from mere change of size is in the 
contrary direction. 

(3) Variations in form. It is known that barium sulphate is precipitated in at least two 
forms: (a) Simple prismatic crystals from hot dilute solutions, especially those containing free 
hydrochloric acid; (b) branching crystals, mostly cruciform, from neutral solutions and those 
containing free acetic acid. Sketches of these two types have been furnished by Kolthoff and 
van Cittert (Z. anal. Chem., 1923, 68, 392) and by Balarew (Z. anorg. Chem., 1922, 123, 69), 
who has also described cruciform structures with a fern-like character which are precipitated 
from weakly acid solutions containing ammonium chloride. Various complex formule have 
been assigned, e.g., K[Ba,(SO,),], Ba[Ba,(SO,),]. Complexes such as BaCIKSO, and Ba(KSO,), 
are said to be almost as insoluble as barium sulphate (Kolthoff and Vogelsang, Z. anal. Chem., 
1919, 58, 49). Small proportions of such adsorption complexes, which may be present in pre- 
cipitates of almost theoretical composition, appear to have a considerable effect in determining 
the form of the crystals. Microphotographs of some forms have been given by Ardagh, 
Richardson, Richardson, and Humber (J. Soc. Chem. Ind., 1934, 58, 1035). Their precipitations 
were made in much higher concentrations of salts, in the presence of free hydrochloric acid, and 
often of ammonium chloride, which seems to favour the formation of simple prisms. When 
potassium sulphate was run into barium chloride with ammonium chloride and 0-33N-hydro- 
chloric acid, ‘“‘ bow-tie’’ crystals were obtained with an abundance of simple prisms from about 
70° upwards. The latter were stained selectively, at the edges and in patterns, the former 
completely, by crocein-scarlet 3BX, an acid azo-dye with sulphonic groups. This possibly 
shows positively charged areas or surface, due to adsorption of barium ions. If the acid con- 


* These suspensions, however, were much more concentrated than ours. 
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centration were 0-041—0-15N, many clusters were formed at 100°. When barium chloride was 
run into potassium sulphate, without ammonium chloride, but with 0-6N-acid, perfect ortho- 
rhombic crystals were not obtained, but many branching forms even up to 100°. None of these 
crystals stained with crocein-scarlet. 

Our methods gave different results : (a2) Alternate addition of the salts to excess of hot water 
gave a few clusters, with a large proportion of simple prisms; (6) precipitation in the cold, in the 
presence of an initial excess of potassium sulphate, gave few large clusters, but chiefly simple 
aggregates of a cruciform type. Form (bd) has the higher turbidity, and shows the rhythmic 
effect. Type (a) may be prepared by Hahn’s method (/oc. cit.), which gives theoretical weights of 
barium sulphate in water or dilute acetic acid, but low results (0-4%) in N-hydrochloric acid. 
Solutions of N/100-barium chloride and potassium sulphate were added alternately, 5 c.c. at a 
time, from two burettes to 100 c.c. of hot water. After the addition of 50 c.c. of each, the suspen- 
sion was cooled and made up to 200 c.c. The D.F. instrument indicated an extinction depth beyond 
its range. On the P.E. instrument the opacity was 0-108—5%. Another precipitation in the 
hot by Hahn and Kolthoff’s method in neutral solution, with 50 c.c. each of N/50-reagents, 
gave an N/200-suspension, the values of d, being 32-6 and 31‘8mm. Therefore T = 10/(3-22 x 
0-584) = 5-32, and as O was 0-284 and 0-288, T/O = 18-6. (b) A suspension of N/400-barium 
sulphate was prepared by precipitation on nuclei in acetate buffer having pg 3-5. The mean 
turbidity was constant in time, and after 2 months d, was 32 mm.; therefore T = 10-7. The 
mean value of O was 0-458 (0-455 and 0-462), therefore T/O = 23-4. 

The two preparations were examined microscopically. A drop of the liquid was placed 
over a trace of Mayer’s albumin-water on a slide, and dried over the embedding oven. The 
slide was heated so as to fix the albumin, and was rinsed, covered, etc., according to the usual 
technique. The appearance of the photographs has been described above. 

From the results mentioned above it will be observed that T has been increased in a higher 
ratio than O. It would be expected that the forms present in (b) would possess a greater scatter- 
ing power, since the surfaces contain re-entrant angles, and are altogether more complex than 
the simple reflecting planes of the prismatic crystals. The difference between the T values of 
the two forms would be sufficient to account for the rhythmic changes, which may be due, there- 
fore, to periodic transformations of the cruciform aggregates into the simple prismatic crystals 
and vice versa. This, of course, does not explain the rhythmic character. It seems, however, 
that the free energies of the two forms must be rather evenly balanced in order that such slight 
disturbances should initiate what appear to be oscillations about a position of minimum energy. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, March 28th, 1936.] 





258. The Different Reaction Velocities of Enantiomers with a Common 
Optically Active Reagent. Part I. Some New Reactions of d- and 
1-Camphor-10-sulphonyl Chlorides. 


By ALFRED S. GALLOWAY and JOHN READ. 


In the course of work on the stereoisomeric menthylamines, menthols, and cyclohexanediols, 
observations of some interest have been made on the comparative reaction velocities of these 
substances with certain symmetric reagents (Read and Storey, J., 1930, 2765; Read and 
Grubb, J., 1934, 1782; Read and Wilson, J., 1935, 1272). Several asymmetric reagents 
have also been applied in a similar way during these investigations, notably d- and /- 
camphor-10-sulphony] chlorides. Thus, Read and Storey (J., 1930, 2768), in studying the 
comparative rates of reaction of the d- and /-rotatory forms of menthylamines, meomenthyl- 
amines, and isomenthylamines with d- and /-camphor-10-sulphony] chlorides, found that in 
all instances the reaction between molecules of opposite optical rotation was more rapid 
than between the corresponding molecules of similar optical rotation. Moreover, Read and 
Grubb (J., 1931, 190) observed that d-camphor-10-sulphony] chloride reacted more rapidly 
with /- than with d-menthol. 

These and other observations suggested a systematic study of several series of such 
reactions, in an attempt to classify the preferences displayed. Is it possible, for example, 
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to adduce a sustained and connected series of reactions throughout which a common 
molecule, or radical, shows a preference in each instance for that form of a second asym- 
metric molecule having either (1) the same, or (2) the opposite, sense of optical rotation ? 
Can the relative rates of formation of the two diastereoisomeric products of such a reaction 
be correlated in any way with the comparative physical properties of the two substances ? 
Can the preference be reversed by altering the conditions of the reaction? The researches 
now inaugurated are designed to explore such ideas, and to throw further light upon related 
processes of optical resolution. 

In the first place it appeared of interest to search for reactions of the general type under 
notice, in which the molecule of d- or /-camphor-10-sulphonyl chloride displays a prefer- 
ential reaction with the form of the second molecule possessing the same sense of optical 
rotation. Two such reactions are now described. The substances concerned differ in two 
important respects from those mentioned above. First, the two asymmetric radicals 
present in the molecule of the final product are separated by the interposition of a benzene 
ring, instead of being contiguous, as in the earlier examples of the camphor-10-sulphony]l- 
menthylamines, etc. Secondly, in each instance, the molecule of the reagent presented for 
reaction with an excess of dl-camphor-10-sulphonyl chloride already contains a d-camphor- 
10-sulphonyl radical. 

The optically active reagents used were mono-d-camphor-10-sulphonyl-p-phenylene- 
diamine (1) and p-aminophenyl d-camphor-10-sulphonate (111). The product of the reaction 
was found to contain in each instance an excess of the substance D-d, the mean ratios 
of D-d/L-d being 58 : 42 (II) and 61 : 39 (IV) in the two pairs of experiments described 
below. 


NH NH-SO,R (or R) NH-SO,R (or R) 


O 9 = 
NH-SO,-R NH-SO,R ‘SO,R Oi ‘R 


(I.) (II.) (ILa.) (III. ) (IV. } (IVA.) 


The molecule (II), when the two radicals R are (+) and (—) respectively, becomes 
. symmetric (Ifa), and provides an interesting example of internal compensation of the same 
fundamental type as d-bornyl /-bornyl fumarate (McKenzie and Abbot, J., 1934, 711). 


+ = 
Upon replacing one -NH: group by -O-: in this molecule, the two radicals R and R no longer 
exactly counteract each other’s optical rotatory effect, and the new substance (IVA) has 
[«]p — 2-4° in chloroform solution: in this finely balanced yet asymmetric structure the 
sense of the optical rotation is that of the radical attached to the -NH> group. 
Somewhat similar studies of the interaction of molecules containing the d- and /-forms 
of the menthy] and other asymmetric radicals are in progress. 


EXPERIMENTAL. 


Mono-d-camphor-10-sulphonyl-p-phenylenediamine.—Upon slowly adding d-camphor-10- 
sulphony!] chloride (80 g.) to a solution of p-aminoacetanilide (40 g.) in dry pyridine (100 c.c.), 
the liquid became deep crimson and heat was evolved. After remaining for 2 days at room 
temperature, the mixture was poured into dilute hydrochloric acid, and the crimson precipitate 
was washed with water. The crude acetylmono-d-camphor-10-sulphonyl-p-phenylenediamine 
(97 g.) was decolorised by repeated treatment with norit in boiling alcohol, from which solvent 
it was eventually obtained in colourless needles, m. p. 136—137°, [a]p + 40-5° (c 2-0, chloroform) 
(Found : C, 59-2; H, 6-6. C,,H,,O,N,S requires C, 59-3; H, 6-6%). 

This acetyl derivative (30 g.) was boiled with concentrated hydrochloric acid (150 c.c.) until the 
products were completely soluble in water (2 hours). The cooled solution was diluted with 
water (500 c.c.) and neutralised with sodium bicarbonate, the precipitated mono-d-camphor-10- 
sulphonyl-p-phenylenediamine being then washed with water, dried, and recrystallised from 
pyridine: it formed reddish-brown prisms (14 g.), m. p. 185°, [a]p + 41-1° (c 2-0, pyridine) 
(Found : C, 60-0; H, 6-8. C,,H,,O,N,S requires C, 69-6; H, 6-8%). 





Enantiomers with a Common Optically Active Reagent. Part I, 1221 


p-Aminophenyl d-Camphor-10-sulphonate.—p-Hydroxyacetanilide, m. p. 166° (15 g.), 
prepared by acetylating commercial p-aminophenol by the method of Lumiére, Lumiére, and 
Barbier (Bull. Soc. chim., 1905, 33, 785), was treated as above with d-camphor-10-sulphonyl 
chloride (30 g.) in dry pyridine (75 c.c.)._ Upon pouring the dark red liquid into 2N-hydrochloric 
acid (600 c.c.), a brown oil separated and gradually solidified to a reddish-brown, crystalline 
powder, This crude p-acetamidophenyl d-camphor-10-sulphonate was washed with dilute 
hydrochloric acid and water, air-dried (36 g.), and decolorised with norit in boiling alcohol, from 
which it finally crystallised in colourless leaflets (30 g.), m. p. 79°, [a]p + 34-1° (c 2-0, chloroform) 
(Found : C, 58-8; H, 6-1. C,,H,,0;NS requires C, 59-1; H, 6-3%). 

This acetyl derivative (18 g.) was boiled for an hour with concentrated hydrochloric acid 
(80 c.c.). The cooled, diluted solution was filtered and rendered slightly alkaline with dilute 
sodium hydroxide solution in presence of ice. The dirty and somewhat oily precipitate was 
collected on an asbestos pad and clarified in boiling alcohol (50 c.c.) with successive quantities of 
norit. Upon dilution with water (10 c.c.), the hot filtered solution deposited colourless p-amino- 
phenyl d-camphor-10-sulphonate (10 g.) in magnificent, long, straw-like crystals, m. p. 102—103°, 
[a]p + 42-3° (c 2-0, chloroform) (Found: C, 59-5; H, 6-6. C,,.H,,O,NS requires C, 59-4; 
H, 6-5%). 

Comparative Reaction Velocities of d- and 1-Camphor-10-sulphonyl Chlorides with Mono-d- 
camphor-10-sulphonyl-p-phenylenediamine.—The two pure reference compounds were prepared 
by the interaction of mono-d-camphor-10-sulphonyl-p-phenylenediamine (1 g.) and d- or /- 
camphor-10-sulphony] chloride (1 g.) in dry pyridine (5 c.c.). The solution was kept at room 
temperature over-night and poured into an excess of dilute hydrochloric acid. The resulting 
crimson solid was washed with water, dried at 100°, and dissolved in chloroform. The solution 
was decolorised by boiling under reflux with several quantities of norit. Crystallisation of the 
product of the first reaction from chloroform-light petroleum gave colourless needles of di-d- 
camphor-10-sulphonyl-p-phenylenediamine, m. p. 188°, [a]p + 52-3° (c 2-0, pyridine) (Found : 
C, 57-9; H, 68. C,.H,,O,N,S, requires C, 58:2; H, 6-8%). Similarly, the second reaction 
yielded d-camphor-10-sulphonyl-l-camphor-10-sulphonyl-p-phenylenediamine, m. p. 206°, [a]p + 
0-0° (c 2-0, pyridine) (Found : C, 58-0; H, 6-7%). 

A known amount (4-5582 g. and 43326 g. in two separate experiments) of d/-camphor-10- 
sulphonyl chloride was dissolved in pure dry pyridine in a small methylating flask contained in a 
thermostat at 31-0°, and the solution was stirred mechanically. When the temperature was 
constant at 31-0°, considerably less than 1 mol. of mono-d-camphor-10-sulphonyl-p-phenylene- 
diamine dissolved in dry pyridine was run slowly into the flask from a burette. After 3 hours’ 
further stirring, the contents of the flask were transferred to an excess of dilute hydrochloric 
acid, and the mixture was kept over-night. The precipitate was then collected, washed well 
with dilute hydrochloric acid and with water, drained with suction, and dried at 100°. The 
solution of this product in chloroform was decolorised by boiling it under reflux with several 
portions of animal charcoal; each portion of spent charcoal was well washed with chloroform, 
and the united filtrate and washings were treated anew. Upon finally distilling away the chloro- 
form, a colourless residue was obtained, of which the weight and value of [«], in chloroform 
(c 2-0) were noted (1-7086 g., + 29-8°; 1-5179 g., + 31-0°). 

The composition of this reaction product, calculated from its optical rotatory power, in the 
two closely similar experiments indicated above, was (1) 57% and 43%, (2) 59% and 41%, of 
the compounds D-d and L-d, respectively. Hence d-camphor-10-sulphonyl chloride reacted 
more rapidly than its enantiomorphous /-form with mono-d-camphor-10-sulphonyl-p-phenylene- 
diamine, under the conditions adopted. 

Comparative Reaction Velocities of d- and 1-Camphor-10-sulphonyl Chlorides with p-Amino- 
phenyl d-Camphor-10-sulphonate——The reference compounds were prepared similarly to the 
two di-derivatives of p-phenylenediamine described above. p-d-Camphor-10-sulphonamido- 
phenyl d-camphor-10-sulphonate crystallised from methyl alcohol in rosettes of colourless needles, 
m. p. 133°, [a]p + 69-9° (c 2-0, chloroform) (Found: C, 67-7; H, 6-6. C,,H,,0,NS, requires 
C, 58-1; H, 65%); and the l-ester had m. p. 135°, [a]) — 2-4° (c 2-0, chloroform) (Found: C, 
57-9; H, 6-6%). 

An excess of di-camphor-10-sulphonyl chloride (4-6936 g. and 4-4342 g. in two separate 
experiments) was treated in dry pyridine, as described above, with p-aminophenyl d-camphor- 
10-sulphonate. The mixed product was isolated in the usual manner, and the weight and value 
of [«]p in chloroform (c 2-0) were noted (2-1522 g., + 41-2°; 1-:9134 g., + 42-6°). The composi- 
tion of the reaction product in the two experiments was (1) 60% and 40%, (2) 62% and 38%, of 
the compounds D-d and L-d, respectively. Hence, as in the preceding example, d-camphor- 

41 
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10-sulphony] chloride reacted more rapidly than its enantiomer with -aminophenyl d-camphor- 
10-sulphonate. 


We thank the Carnegie Trust for the Universities of Scotland for the award of a Research 
Scholarship to one of us (A. S, G.), and Imperial Chemical Industries, Ltd., for a grant. 
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259. New Methods in Stereochemistry. Part III. Some New 
Optically Active Reagents for Ketones and Aldehydes. 


By ALFRED S. GALLOWAY and JOHN READ. 


OPTICALLY active reagents capable of reacting with ketones and aldehydes are limited in 
number, and consequently the optical resolution of ketones and aldehydes by such means 
has been effected only in a few instances. At present, for example, the purest specimens of 
optically active menthones and isomenthones have been obtained solely by oxidising the 
corresponding optically active secondary alcohols; moreover, it is doubtful whether many 
of the natural optically active ketones, such as piperitone, have yet been prepared in a 
state of stereochemical purity. The reagents concerned are mainly substituted hydrazines, 
semicarbazides, and acid hydrazides. Neuberg (Ber., 1903, 36, 1192) resolved d/-arabinose 
with /-menthylhydrazine (Kijner, J. Russ. Phys. Chem. Soc., 1895, 27, 524), and Neuberg and 
Federer (Ber., 1905, 38, 866) applied «-(d-amyl)phenylhydrazine successfully to d/-arabinose 
and dl-galactose. Other optically active hydrazines known are «-ethyl-/-menthylhydrazine 
(Kijner, loc. cit.), «-methyl-d-bornylhydrazine (Forster, J., 1899, 75, 942), and d-borny]- 
hydrazine (Taipale, Ber., 1930, 63, 246). Wilson and Crawford (J., 1925, 127, 103) prepared 
l-8-menthylsemicarbazide, and Hopper and Wilson (J., 1928, 2483) used d- and /-8-(a- 
phenylethyl)semicarbazide to effect a complete resolution of d/-benzoin. Crawford and 
Wilson (J., 1934, 1122) have also obtained /- from di-benzoin by means of /-8-menthyl- 
semicarbazide. Few optically active hydrazides have been described. Among them are 
d-tartaric dihydrazide (Rothenburg, Ber., 1893, 26, 2058), d-8-methyladipic hydrazide 
(Etaix and Freundler, Bull. Soc. chim., 1897, 17, 806), and d-citronellic hydrazide (Sabetay, 
Compt. rend., 1930, 190, 1016). These do not appear to have been applied in optical 
resolutions. 

In an investigation of certain new reagents of the type indicated, in particular of 
possible resolving agents for ketones, some substances have been prepared which owe their 
optical activity severally to the d-camphor-10-sulphonyl, /-menthyl, and d-neomenthyl 
radicals. The first of these radicals was attached to a benzene nucleus by means of either 
an oxygen atom or animino-group. Experiments on the conversion of mono-d-camphor-10- 
sulphonyl-p-phenylenediamine and f-aminophenyl d-camphor-10-sulphonate (preceding 
paper) into substituted hydrazines, by way of the diazo-reaction, led to inconclusive results ; 
but a crystalline p-d-camphor-10-sulphonoxyphenyl-a-methylhydrazine, 

C49H,;0°SO,°0-C,.H,-NMe-NH,g, 

was readily prepared from -hydroxymethylaniline sulphate (‘‘metol”). This hydr- 
azine gave crystalline hydrazones with benz- and p-nitrobenz-aldehyde, but the derivatives 
of /-menthone and /-piperitone were syrups. In attempts to obtain «-substituted /- 
menthylhydrazines, both benzyl- and p-nitrobenzyl-/-menthylamine were easily obtained, 
but their nitrosoamines resisted reduction to hydrazines: p-nttrobenzyl-l-menthylnitroso- 
amine, indeed, ‘furnished p-aminobenzyl-l-menthylnitrosoamine, the nitro-group. being 
reduced while the nitroso-group remained unaffected. 

Esters of /-menthyl- and d-neomenthyl-glycine, easily accessible by the method of 
Clark and Read (J., 1934, 1776), were converted into the corresponding hydrazides when 
boiled with a 50% solution of hydrazine hydrate. d-neoMenthylglycinehydrazide readily 
yielded crystalline hydrazones with acetone, benzaldehyde, /-menthone, and d/-menthone. 
Although the last of these derivatives appears to be partially racemic, d-neomenthylglycine- 
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hydrazide is a potential resolving agent of great promise for ketones and aldehydes. The 
derived hydrazones are readily hydrolysed when shaken in ethereal solution with dilute 
mineral acids. 

When heated with benzaldehyde in alcoholic solution, l-menthylglycinehydrazide yielded 
a benzylidene derivative of the hydrazone, C,gH, *NH°C(;CHPh)*CO-NH:N:CHPh, but 
d-neomenthylglycinehydrazide under similar conditions yielded the simple Aydrazone, 
Ci9H 9*NH-CH,°CO-NH:N:CHPh. This difference in reaction provides striking evidence 
in favour of the relative molecular configurations proposed for the /- and d-neo-menthyl 
radicals by Read and Grubb (J., 1934, 1781) : 


H,N-NH-CO-CH,-NH—?-H H_}_NH-CH,-CO-NH-NH 
ay an * HP HP® —— 


In /-menthylglycinehydrazide (I) the methylene group exerts its reactivity, being in the 
cis-position to hydrogen; but in d-neomenthyiglycinehydrazide (II) reaction is inhibited 
through the spatial proximity of Pr? in the cts-position. 
EXPERIMENTAL. 
Optically Active Hydrazines. 

p-d-Camphor- 10 - sulphonoxyphenyl -«-methylhydrazine.—p - Hydroxynitrosomethylaniline, 
m. p. 136°, was prepared by treating an ice-cooled solution of p-hydroxymethylaniline sulphate 
(‘‘ metol ’’) with nitrous acid. A powdered mixture of this substance (10 g.) and d-camphor-10- 
sulphonyl chloride (20 g.) was dissolved in dry pyridine (50 c.c.) and kept over-night. Crude 
p-d-camphor-10-sulphonoxynitrosomethylaniline (25 g.) was isolated as usual and recrystallised 
twice from alcohol; it formed flat, pale yellow needles, m. p. 115°, [a]p + 40-0° (c 2-0, chloro- 
form) (Found: C, 55-7; H, 6-0. C,,H,,0;N,S requires C, 55-7; H, 6-0%). When boiled 
with concentrated hydrochloric acid (20 c.c.) for an hour, the nitrosoamine (5 g.) yielded p-d- 
camphor-10-sulphonoxymethylaniline (3-8 g.), which crystallised from ether-light petroleum 
in pale brown rectangular plates, m. p. 67—68°, [«]p + 44-5° (c 2-0, chloroform) (Found: C, 
60-5; H, 6-7. C,,H,,0,NS requires C, 60-5; H, 68%). The hydrochloride crystallised from 
water in colourless needles, m. p. 167°. 

To a solution of the above nitrosoamine (10 g.) in alcohol (30 c.c.) and water (5 c.c.) 
were added glacial acetic acid (20 c.c.), chloroform (5 c.c.), and zinc (15 g.) (cf. Fischer, Ber., 
1875, 8, 1642; Ammnalen, 1878, 190, 175). Slight warming induced a vigorous reaction, 
which was controlled by keeping the mixture at 20—30°. When the zinc had dissolved, 
the mixture was heated on the water-bath and filtered while hot. The solution was 
cooled in a freezing mixture and treated with an excess of strong sodium hydroxide solution, 
the precipitated p-d-camphor-10-sulphonoxyphenyl-a-methylhydrazine being extracted with 
ether : this was isolated as a red syrup (7-7 g.), which crystallised (m. p. 45—46°) when kept for 
several days in a vacuum desiccator. Its solutions were too deeply coloured to permit of accur- 
ate polarimetric examination (Found: C, 58-4; H, 6-8. C,,H,,0O,N,S requires C, 58-0; H, 
6-8%). The same substance was obtained, in smaller yield, by heating the nitrosoamine 
(20 g.) in 90% alcohol (220 c.c.) with aluminium amalgam (25 g.) on the water-bath for 12 hours. 
The hydrochloride was precipitated, upon passing dry hydrogen chloride into a solution of the 
hydrazine in dry ether, as a white solid which rapidly formed a sticky red oil when exposed to 
the air. 

When the hydrazine was boiled in alcoholic solution with benzaldehyde it yielded. the 
benzylidene derivative, which crystallised from alcohol in pale yellow needles, m. p. 138° (Found : 
C, 65-3; H, 6-4. C,,H,,0,N,S requires C, 65-4; H, 6.4%). The p-nitrobenzylidene derivative, 
prepared by warming the hydrazine with the aldehyde in glacial acetic acid, separated from 
glacial acetic acid in small, bright red needles, m. p. 200° (Found: C, 59-0; H, 5-8. C,,H,,O,N,S 
requires C, 59-4; H, 5-6%). When heated in alcoholic solution with /-menthone or /-piperitone, 
the hydrazine afforded the corresponding hydrazones as red syrups, which could not be induced 
to crystallise. 

Experiments on the Preparation of Some a-Substituted 1-Menthylhydrazines.—(1) A mixture 
of /-menthylamine (90 g.; 2 mols.) and benzyl bromide (50 g.) was heated under reflux in an oil- 
bath at 130—140° for 4 hours. The cooled product was treated with water and etHer, and the 
ethereal solution was washed three times with water in order to recover /-menthylamine hydro- 
bromide (66 g.). The brown liquid (72 g.) from the dried ethereal extract, when distilled under 
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diminished pressure in the absence of carbon dioxide, yielded a second fraction (60-3 g.) of 
benzyl-/-menthylamine, a colourless, mobile liquid, b. p. 180°/18 mm., 38° 1-5131, [a]p — 96-3° 
(c 2-2, alcohol). The hydrochloride separated from acetone-light petroleum in colourless prisms, 
m. p. 144—145°, [a]p — 62-2° (c 2-0, alcohol). p-Toluenesulphonbenzyl-l-menthylamide, pre- 
pared in pyridine with the aid of p-toluenesulphonyl] chloride, crystallised from methyl alcohol 
in colourless needles, m. p. 96—97°, [«]p — 39-9° (c 2-0, chloroform) (Found: C, 71-8; H, 8-0. 
C,,H,,;0,NS requires C, 71:7; H, 80%). 

Benzyl-|-menthylnitrosoamine was prepared by adding sodium nitrite solution to a solution of 
the secondary base in 30% acetic acid; it crystallised from methyl alcohol in a freezing mixture 
in yellow needles, m. p. 52°, [a]p — 2-5° (c 2-1, chloroform) (Found: C, 74:3; H, 9-5. C,,H,,ON, 
requires C, 74-4; H, 95%). The nitrosoamine was very stable, and resisted reduction with 
sodium and alcohol, and with zinc and glacial acetic acid in presence of alcohol and a little 
chloroform (see above). 

(2) p-Nitrobenzyl bromide and /-menthylamine did not react appreciably when heated to- 
gether at 140° for 10 hours. Reaction occurred, however, with separation of crystalline /- 
menthylamine hydrobromide, when a mixture of /-menthylamine (67 g.) and p-nitrobenzyl 
bromide (35 g.) in dry benzene (250 c.c.) was heated under reflux on the water-bath for 6 hours. 
The cold mixture was treated with 2N-sodium hydroxide (90 c.c.), and the excess of /-menthyl- 
amine was distilled in steam and recovered as hydrochloride (32 g.). The mobile red syrup 
(49 g.) extracted from the residue with chloroform crystallised when kept; three recrystallis- 
ations from methyl alcohol furnished pure p-nitrobenzyl-l-menthylamine in pale yellow plates, 
m. p. 53°, [a]p — 89-4° (c 2-0, chloroform) (Found: C, 70-2; H, 9-0. C,,H,,O,N, requires 
C, 70-1; H, 8-9%). The amine is insoluble in water and non-volatile in steam; it is readily 
soluble in organic solvents, and is phototropic, the yellow colour deepening temporarily on 
exposure to light. The hydrochloride had m. p, 234°, [a]p — 44-0° (c 2-0, alcohol). The p- 
toluenesulphonyl derivative crystallised from methyl alcohol in long yellow needles, m. p. 115°, 
[a]p — 49-3° (c 1-3, chloroform) (Found: C, 64-5; H, 7:3. C,,H;,0O,N,S requires C, 64-9; 
H, 72%). 

Upon addition of the base (21-6 g.) to a mixture of glacial acetic acid (13 c.c.) and water 
(20 c.c.), the acetate separated as an oil. Sodium nitrite (6 g.), dissolved in water (20 c.c.), 
was added, and the mixture heated on the water-bath for 2 hours. The resulting solid, when 
collected, washed with water, and dried (23-2 g.), was practically pure p-nitrobenzyl-l-menthyl- 
nitrosoamine ; it crystallised from methyl alcohol in pale yellow prisms, m. p. 132°, [a]p + 17-6° 
(¢ 2-0, chloroform) (Found: C, 63-5; H, 7-9. C,,H,,;0,N, requires C, 63-7; H, 7:8%). Toa 
solution of the nitrosoamine (10 g.) in alcohol (50 c.c.) were added pure zinc dust (15 g.) and a 
few crystals of copper acetate. Glacial acetic acid (18 c.c.) was introduced dropwise during the 
course of the reaction, which was started by warming the mixture gently. After remaining for 
20 hours at room temperature, the liquid was heated to boiling and filtered from undissolved 
zinc, which was washed with hot alcohol. The filtrate and washings were poured into water 
(200 c.c.) and basified with 2N-sodium hydroxide (170 c.c.). The ethereal solution of the pre- 
cipitate was washed with water and shaken with 2N-sulphuric acid (50 c.c.). Unchanged 
nitrosoamine remained in the ether, and the sulphate of the reduction product formed a bulky 
yellow precipitate. This was collected, washed, and decomposed with dilute sodium hydroxide 
in presence of ether, which dissolved the liberated base. This consisted of p-aminobenzyl-l- 
menthylnitrosoamine ; it formed brownish-yellow crystals from ether-light petroleum, and had 
m. p. 88°, [a]p + 21-8° (c 1-0, chloroform) (Found: C, 70-6; H, 9-2. C,,H,,ON, requires C, 
70-6; H, 93%). Reduction of the original nitrosoamine with aluminium amalgam in presence 
of 90% alcohol gave the same product. 


Optically Active Hydrazides. 


1-Menthylglycinehydrazide.—A solution of ethyl /-menthylglycine (24 g.; Clark and Read, 
loc. cit.) and hydrazine hydrate (15 c.c. of 50%) in alcohol (50 c.c.) was boiled gently under reflux 
for 3 hours. The product was poured into water and extracted with chloroform, the extract 
being well washed with water and dried. The crude hydrazide (23-5 g.) was purified by pre- 
cipitation from acid solution with dilute sodium hydroxide. The resulting 1l-menthylglycine- 
hydrazide was a pale green, viscid syrup (20 g.), 7° 1-4931, [a]) — 57-7° (c 2-3, chloroform) 
(Found : C, 61-9; H, 10-7. C,,H,,ON;, requires C, 63-4; H, 11-0%). 

Acetone-/-menthylglycinehydrazone, prepared by boiling an acetone solution of the hydrazide 
for 2 hours, was obtained as a pale yellow syrup which crystallised slowly ; m. p. 55°, [«]) — 52-5° 





5-Chloro- and 5-Bromo-1-methylbenzthiazole and Cyanine Dyes, etc. 1225 


(c 3-4, chloroform). 1-Menthone-l-menthylglycinehydrazone, obtained by boiling an alcoholic 
solution of the hydrazide (9 g.) and /-menthone (10 g.) for 5 hours and then distilling away 
unchanged menthone in steam, was a viscid amber syrup, having nj*° 1-4999, [a]p — 69-1° 
(c 3-0, chloroform) (Found : C, 73-1; H, 11-4. C,,H,,ON, requires C, 72: 6; H, 114%). Upon 
boiling a solution of the hydrazide (3 g.) and benzaldehyde (10 g.) in alcohol (20 c.c.) under reflux 
for 5 hours, and removing unchanged benzaldehyde in steam, a product was obtained which 
crystallised from aqueous alcohol in colourless needles (4-7 g.), m. p. 158°, [a]p — 266-9° (c 2-0, 
chloroform): this was a benzylidene derivative of benzaldehyde-/-menthylglycinehydrazone 
(Found : C, 77-1; H, 8-3. C,,H,,ON, requires C, 77-0; H, 8-2%). 

d-neoMenthylglycinehydrazide.—The interaction of 183 g. of d-neomenthylamine and 71 g. 
of ethyl chloroacetate, according to the method used by Clark and Read (/oc. cit.) for preparing 
ethyl /-menthylglycine, gave 106 g. of ethyl d-neomenthylglycine, a colourless mobile liquid, 
b. p. 139—141°/11 mm., n}** 1-4612, [«]p + 32-7° (c 3-0, chloroform) (Found: C, 68-5; H, 11-4. 
C,,H,,O,N requires C, 69: 7; H, 11-2%). When this ester (105 g.) was dissolved in alcohol 
(200 c.c.) and boiled for 3 hours with hydrazine hydrate (50 c.c. of 50% solution), according to the 
method outlined above, it yielded d-neomenthylglycinehydrazide (92 g.) as a syrup which slowly 
crystallised. The crystals were separated on porous plate and recrystallised from a little ether : 
the long colourless needles had m. p. 51°, [a]p + 40-0° (c 2-5, chloroform) (Found: C, 63-4; 
H, 10-7. C,,H,,ON; requires C, 63-4; H, 11:0%). The hydrazide dissolved in dilute acids, 
and was reprecipitated upon basifying the solution; it reduced Fehling’s solution on warming. 

Acetone-d-neomenthylglycinehydrazone crystallised from aqueous methyl alcohol in colourless 
needles, m. p. 79°5°, [a]p + 24-5° (c 2-0, chloroform) (Found: C, 67-8; H, 10:7. C,,;H,,ON, 
requires C, 67-4; H, 10-9%). The corresponding derivatives of benzaldehyde and of /-menthone 
were first obtained as brown syrups; when dissolved in a little alcohol they gave crystalline 
material which separated from aqueous alcohol in colourless needles, respectively, m. p. 110°, 
[a]p + 20-8° (c 2-4, chloroform) (Found: C, 72-3; H, 9-4. Cy, ,H,,ON, requires C, 72-3; H, 
93%), and m. p. 102—103°, [«]p —9-0° (c 2-8, chloroform) (Found: C, 72-5; H, 11-1. 
C.,.H,,ON, requires C, 72-6; H, 11-4%). dl-Menthone-d-neomenthylglycinehydrazone after four 
recrystallisations from aqueous alcohol gave physical constants which were unaffected by further 
recrystallisation: m. p. 98—99°, [«]p + 9-3° (c 2-8, chloroform) (Found: C, 72-6; H, 10-9%). 
Some of this hydrazone was hydrolysed by shaking it in ethereal solution for 30 minutes with an 
excess of N-hydrochloric acid. The resulting oil isolated from the ether had an odour of men- 
thone; it was optically inactive in methyl-alcoholic solution (c 2-5, / 2). The semicarbazone 
melted at 157° and appeared to consist mainly of d/-menthone-$-semicarbazone (Read and Cook, 
J., 1925, 127, 2787). 

dl-Piperitone-d-neomenthylglycinehydrazone was a viscous yellow syrup, having 3° 1-4980, 
[a]p + 30-2° (c 3-0, chloroform). dl-Piperitone oxide-d-neomenthylglycinehydrazone was also 
a viscous yellow syrup, ”}%° 1-5010, [a]p + 27-3° (c 3-5, chloroform). 


We are indebted to the Carnegie Trust for the Universities of Scotland for the award of a 
Fellowship to one of us (A. S. G.), and to Imperial Chemical Industries for a grant. 
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260. 5- Chloro- and 5-Bromo-\-methylbenzthiazole and Cyanine Dyes 
prepared from them. 


By BERNARD BEILENSON and FRANCES M. HAMER. 


KONIG, SEIDEL, and STUHMER (Ber., 1928, 61, 2065) prepared 5-chloro-l-methylbenz- 
thiazole (I), m. p. 81°, by two methods, one of which consisted in oxidising 4-chlorothio- 
acetanilide with alkaline potassium ferricyanide; 5-bromo-l-methylbenzthiazole was 
prepared in an analogous manner, but no m. p. was recorded, although its methiodide and 
methoperchlorate were described. 

Naiman and Bogert (J. Amer. Chem. Soc., 1935, 57, 1660), in studying the action of 
bromine on J-methylbenzthiazole in acetic acid, describe the formation of an unstable 
addition product which, when the reaction mixture is heated, is converted into yellow 
crystals, decomposing between 190 and 220°: analytical data indicate the formula 
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C,H,NSBr and, from analogy, it is concluded that the substance is 5-bromo-1l-methyl- 
benzthiazole, but no reference is made to K6nig’s preparation. 

We doubted the correctness of that conclusion, because of the unlikelihood that the 
5-bromo-compound would decompose so much above the m. p. of 5-chloro-l1-methylbenz- 
thiazole, which we had already prepared, m. p. 82—83°, by K6nig’s method, our 4-chloro- 
thioacetanilide being obtained from 4-chloroacetanilide by an application of Hofmann’s 
method (Ber., 1878, 11, 339), instead of by those described in the literature (Sachs and 
Loevy, Ber., 1904, 37, 874; Worrall, J]. Amer. Chem. Soc., 1924, 46, 2834). On repeating 
Naiman and Bogert’s work, our suspicion was confirmed when we found their yellow 
crystals to be so unstable that they became oily on treatment with cold water: 5-chloro- 
l-methylbenzthiazole is stable under such conditions. Although their analytical values 
would agree with those required for 1-methylbenzthiazole hydrobromide, yet that also is 
precluded, since it is a white salt, readily soluble in water. In repeating K6nig’s prepar- 
ation of 5-bromo-1l-methylbenzthiazole, 4-bromoacetanilide was obtained in 95% yield by 
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the method of Remmers (Ber., 1874, 7, 346) and converted by the Hofmann method (loc. 
cit.) into 4-bromothioacetanilide, which had originally been prepared by another process 
(Worrall, J. Amer. Chem. Soc., 1918, 40, 415). From it, a 49% yield of 5-bromo-1l-methyl- 
benzthiazole was obtained, and it melted at 86—87°, 7.e., only 4° higher than the 
corresponding 5-chloro-compound; K6nig’s yield was 25%. 

The ethiodides of 5-chloro- and 5-bromo-l-methylbenzthiazole were used for making 
cyanine dyes. It was found that a number of these chloro- and bromo-substituted dyes are 
less soluble in methyl alcohol than are the unsubstituted dyes; for convenience, other 
quaternary salts, which gave more soluble dyes, were used in some cases. 

A 5: 5'-dichloro-thiacyanine (II) was prepared from 5-chloro-l-methylbenzthiazole 
ethochloride by the method used for preparing unsubstituted thiacyanines (Fisher and 
Hamer, J., 1930, 2502). The 5 : 5’-dibromo-thiacyanine was prepared from the appropriate 
ethiodide, and its purification included treatment with sulphur dioxide, as in purifying 
oxacyanines (idem, J., 1934, 962). 

The method for the preparation of thia~f-cyanines (Hamer, J., 1928, 206), applied to 
the preparation of the 5-chlorothia-2’-cyanine (III, R = Cl), gave, with sodium ethoxide 
as condensing agent, a 38% yield of recrystallised product. It has, however, been found 
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that for effecting the #-cyanine condensation, finely-divided, anhydrous potassium 
carbonate is greatly superior to the stronger alkalis (Kodak Ltd. and Beilenson, 
B.P. 435,542/1933). Thus in the present instance, use of potassium carbonate raised 
the yield to 66%, and resulted in a 60% yield of the corresponding 5-bromo-thia-2'- 
cyanine. Use of potassium carbonate gave 52 and 56% yields, respectively, of the 5-chloro- 
and 5-bromo-thia-1'-cyanines (IV), whilst the original yields of thia-1’-cyanines, obtained 
by means of other condensing agents, varied from 40 to 52% (Fisher and Hamer, J., 1934, 
1905). 

In preparing the 5 : 5’-dichloro- and -dibromo-thiacarbocyanines (V; R’ = H) by use of 
ethyl orthoformate and pyridine, the yields were only 46 and 36%, as compared with an 
82% yield for the parent substance (Hamer, J., 1927, 2796); K6nig described the 5 : 5’- 
dichloro-2 : 2’-dimethylthiacarbocyanine (loc. cit.), but the cyanines dealt with here are all 
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2: 2’-diethyl-compounds. The 5: 5’-dihalogeno-8-methylthiacarbocyanines (V; R = Hal., 
R’ = Me) were prepared by use of ethyl orthoacetate and pyridine (cf. Hamer, J., 1928, 
3160), and the corresponding -8-ethyl-compounds were prepared by means of methyl 
orthopropionate and pyridine. Brooker and White (J. Amer. Chem. Soc., 1935, 57, 2480), 
in thus preparing the parent 8-ethylthiacarbocyanine, noted the fact that dye formation 
proceeds more readily with the etho-f-toluenesulphonate of 1-methylbenzthiazole than with 
its ethiodide ; similarly, from the etho-f-toluenesulphonate of 2-methyl-f-naphthathiazole 
they were successful in obtaining a 27% yield of the 8-methyldibenzthiacarbocyanine 
(tbtd., p. 547), whereas the ethiodide had given a negative result (Hamer, J., 1929, 2598). 
The same phenomenon occurs with 5-chloro-1-methylbenzthiazole, for whereas its etho-p- 
toluenesulphonate gave a 23%, yield of the 8-ethylthiacarbocyanine, the corresponding 
ethiodide gave a negative result. It is surprising that the use of acetic anhydride, which is 
not usually so good a medium as pyridine for condensations of this kind, resulted in a 3% 
yield being obtained from the ethiodide; the yield from the etho-p-toluenesulphonate 
dropped to 8%. By making use of ethyl orthobenzoate, which was kindly given us by 
Dr. L. G. S. Brooker, the 5 : 5’-dihalogeno-8-phenylthiacarbocyanines (V; R = Hal., R’ = 
Ph) were prepared from the etho-p-toluenesulphonates of the appropriate bases; whereas 
the yield from 5-chloro-1-methylbenzthiazole etho-p-toluenesulphonate was 43%, that from 


the corresponding ethiodide was only 2%. 
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The 5 : 5’-dihalogeno-thiadicarbocyanines (VI; R’ = H) were prepared by the action of 
sodium ethoxide on a 5-halogeno-l-methylbenzthiazole quaternary salt and {-anilino- 
acraldehyde anil hydrochloride in alcohol, whilst by making use of the «-chloro- or «-bromo- 
8-anilinoacraldehyde anil salts (Beattie, Heilbron, and Irving, J., 1932, 260), the corre- 
sponding 5: 5’ : 9-trthalogeno-thiadicarbocyanines (VI; R= R’ = Hal.) were obtained. 
By use of glutaconaldehyde dianilide hydrochloride, 5 : 5’-dthalogeno-thiatricarbocyanines 
(VII) were prepared (cf. Fisher and Hamer, J., 1933, 189). 
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Dr. E. P. Davey kindly made wedge spectrograms showing the absorption of methyl- 
alcoholic solutions of these new cyanines, and also, after their addition to silver halide 
emulsions, tested them for photographic sensitising properties. 

In comparing the absorption and sensitising action of compounds of the cyanine type, 
it is immaterial whether or not they have the same anion, provided, of course, that the 
anion is colourless. In the 5-halogeno- or 5 : 5’-dihalogeno-series, it is particularly inter- 
esting to compare the absorption maximum of each substituted compound with that of the 
corresponding unsubstituted parent compound. For instance, introduction of one halogen 
atom, whether chlorine or bromine, into the thia-2’-cyanine or thia-l’-cyanine molecule 
does not affect the absorption. When introduced into the molecule of the simple thia- 
carbocyanine, even two halogen atoms have no effect, but with all the other kinds of dyes 
studied, seven types in all, the effect of introducing the two halogen atoms is to shift the 
absorption maximum 50—100 A. towards the region of longer wave-length. It appears 
from these results that the shift of the absorption maximum is about the same, whether the 
molecular weight is increased by chlorine or by bromine atoms. 

It is known that in simple symmetrical cyanine dyes derived from 1-methylbenzthiazole 
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ethiodide, the absorption maximum is shifted towards the red by replacing the two benz- 
thiazole by two naphthathiazole nuclei: the values noted for eight replacements of this kind 
vary between 310 and 410 A, (Fisher and Hamer, Proc, Roy. Soc., 1936, A, 154, 703). The 
present observation that the introduction of two bromine atoms, 2 x 79-92, has so 
much less effect than that of two C,H, groups, 2 x 52-03, makes it clear that the 
influence of weight alone is unimportant as compared with that of other factors, such 
as introducing the conjugated system *CH:CH°CH:CH:. In the 5: 5’-dihalogenothia- 
carbocyanines, the absorption maximum does not move progressively towards the 
red as the weight of the group on the central carbon atom is increased; these compounds 
being arranged in order of increasing wave-length of absorption maximum, the 8- 
substituents fall in the order methyl, ethyl, hydrogen, phenyl, which is the same as that 
observed by Brooker and White (J. Amer. Chem. Soc., 1935, 57, 2480) for the corresponding 
series of 8-substituted parent dyes. 

Upon the sensitising maxima also, the introduction of a single halogen atom into the 
molecule has no effect, whilst two halogen atoms shift the maximum towards the red by an 
amount varying from 0 to 200 A. Analogously, Moudgill (J., 1922, 121, 1509) has recorded 
that the 6 : 6’- and 5: 5’(or 7 : 7’)-dibromo-derivatives of pinacyanol have their sensitising 
maxima shifted towards the red as compared with that of pinacyanol. He found that the 
sensitising action of these dibromo-derivatives was weaker than that of pinacyanol; with. 
the 5-halogeno- and 5: 5’-dihalogeno-compounds now described it is similarly true 
that, in a number of instances, the sensitising action is weaker than that of the corresponding 
unsubstituted compounds. 


EXPERIMENTAL. 


4-Chlorothioacetanilide.—4-Chloroacetanilide (28 g.; 1 mol.) in dry xylene (100 c.c.) was 
heated on the steam-bath and treated with phosphorus pentasulphide (18-5 g.; 0-5 mol.), with 
hand-stirring. After 30 minutes’ heating, the xylene layer was decanted off and the residue 
further extracted with hot xylene (2 x 100 c.c.). Crystals separated on cooling, and concen- 
tration of the mother-liquor made the yield 54%. After drying in a vacuum at 60—80° (the 
method used except where otherwise stated), the product was analysed by the method of Carius 
(employed throughout this work) (Found: Cl, 19-1. Calc. for C,H,NSCI: Cl, 19-1%); m. p. 
142°. 

5-Chloro-1-methylbenzthiazole (I).—4-Chlorothioacetanilide was oxidised by alkaline potassium 
ferricyanide as described by K6nig, but the reaction mixture was not extracted with ether 
before steam-distillation. The base, obtained in 28% yield, melted at 82—83° (Found, after 
drying in a vacuum desiccator: Cl, 19-05. Calc. for CsH,NSCl1: Cl, 19-3%). 

The methiodide was described by K6nig as melting at 222°, but no analysis was given. It 
was prepared by heating the base with 20% excess of methyl iodide in a sealed tube at 100° for 
2 days, in a yield of 94% and, after recrystallising from methyl alcohol (13 c.c. per g.), 79% 
(Found : Cl + I, 50-2. Calc. for C,H,NSCII : Cl + I, 49-9%); m. p. 258—260° (decomp.). 

The ethiodide was similarly prepared [yields, 71% crude, 59% after recrystallisation from 
methyl alcohol (7 c.c. per g.)] (Found: Cl + I, 48-2. C,,H,,NSCII requires Cl + I, 47-8%); 
m. p. 239° (decomp.), with darkening from 220°. 

4-Bromothioacetanilide was obtained from 4-bromoacetanilide, by the same method as was 
used for 4-chlorothioacetanilide, in 67% yield (Found: Br, 34-8. Calc. for CsH,NSBr: Br, 
34-7%) ; m. p. 152°. 

5-Bromo-1-methylbenzthiazole.—4-Bromothioacetanilide (86-3 g.; 1 mol.), dissolved in sodium 
hydroxide solution (2N, 1125 c.c.; 6 mols.), and filtered from some suspended matter, was 
gradually added to an ice-cooled solution of potassium ferricyanide (248 g.; 2 mols.) in water 
(1125 c.c.). The oil which separated was washed with water and steam-distilled, and the yield 
of almost colourless solid was 49% (41-5 g.) (Found, after drying in a vacuum desiccator: Br, 
35-1. Calc. forC,H,NSBr: Br, 35-05%); m. p. 86—87°. 

The base and ethyl bromide were hedted together at 100° for 24 hours. Ether extracted 
79% of unchanged base, and the yield of undissolved ethobromide was 18%. After recrystallis- 
ation from absolute alcohol and ether (3 c.c. of each per g.), the yield was 16% (Found: Br, 
47-55. C,,H,,NSBr, requires Br, 47-4%) ; m. p. 197°, with previous darkening. 

The etho-p-toluenesulphonate, prepared by heating the base and ethyl p-toluenesulphonate 
(1 mol. of each) together at 140—145° for 3 hours, and washed with hot benzene and cold acetone, 
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was obtained as a hygroscopic salt in 72% yield (Found: Br, 18-6. C,,H,,0,NS,Br requires 
Br, 18-7%). 

The ethiodide was quantitatively obtained from the etho-p-toluenesulphonate by treatment 
with potassium iodide in aqueous solution. It was also obtained by heating the base and ethyl 
iodide in a sealed tube, the yields being 81% after washing with ether and 67% after recrystallis- 
ation from methyl alcohol (4 c.c. per g.) (Found: Br + I, 54-0. C,)H,,NSBrI requires Br + I, 
53-9%) ; m. p. 214° (decomp.). 

5 : 5'-Dichloro-2 : 2'-diethylthiacyanine Chloride (II; R = Cl, X = Cl).—5-Chloro-1-methyl- 
benzthiazole ethochloride was obtained in almost quantitative yield from the ethiodide by the 
general method already noted (Fisher and Hamer, J., 1930, 2502). The ethochloride (6-65 g. ; 
2 mols.), acetic anhydride (105 c.c.), and amyl nitrite (2-6 c.c.; 1-5 mols.) were heated on the ~ 
water-bath, as in preparing the unsubstituted dye (/oc. cit.), but the time of heating was only 
1-5 minutes and the reaction mixture was quickly cooled with ice. The yield of crude product 
was 70% (4:19 g.); after recrystallisation from methyl alcohol (60 c.c. per g.), it was 58% (3-47 
g.) (Found, after a second recrystallisation: Cl, 23-6. C,gH,,N,S,Cl, requires Cl, 24-0%). The 
yellow compound melted at 288° (decomp.). 

5 : 5'-Dibromo-2 : 2’-diethylthiacyanine Iodide (II; R= Br, X = I).—5-Bromo-1-methyl- 
benzthiazole ethiodide (4-8 g.; 2 mols.) was boiled with acetic anhydride (50 c.c.). On adding 
amyl nitrite (1-4 c.c.; 1-5 mols.), complete solution of the salt occurred, with frothing and 
darkening. When cold, the dark solid was filtered off and, after being washed with ether, was 
suspended in acetone and treated, ice-cold, with sulphur dioxide. It was filtered off and washed 
with acetone (yield 69% ; 2-67 g.) and purified by boiling out with pyridine (300 c.c.). The yield 
of very insoluble, greenish-yellow residue was 62% (2-4 g.) (Found: Br+I, 46-3. 
C,,H,,N,S,Br,I requires 2Br + I, 460%); m. p. 286° (decomp.). This and the preceding dye 
have their maximum absorption at 14300 A. and their maximum sensitising action towards a 
silver chloride emulsion at 14500 A. 

5-Chloro-2 : 1'-diethylthia-2'-cyanine Iodide (III; R = Cl, X = I).—By boiling 5-chloro-1- 
methylbenzthiazole ethiodide (2 g.; 1 mol.) and 2-iodoquinoline ethiodide (2-42 g.; 1 mol.) 
in absolute alcohol (100 c.c.) for 30 minutes, with a solution of sodium (0-30 g.; 2-2 atoms) in 
absolute alcohol (10 c.c.), the yield of ether-washed dye was 50% and, after recrystallisation from 
methyl alcohol (200 c.c. per g.), 38% (1:10 g.). By use of anhydrous potassium carbonate 
(180-mesh; 1-2 mols.) instead of sodium, the yield after water-washing was 86%, and after 
recrystallisation, 66% (Found: Cl-+ I, 33-0. C,,H,,N,SCII requires Cl + I, 328%); m. p. 
287° (decomp.). The colour of the pale orange needles deepened before melting occurred. 

5-Bromo-2 : 1'-diethylthia-2'-cyanine Iodide (III; R=Br, X =1).—From 5-bromo-l- 
methylbenzthiazole etho-p-toluenesulphonate and 2-iodoquinoline ethiodide with potassium 
carbonate in alcohol, the dye was obtained in 68% yield. Recrystallisation from methyl alcohol 
(145 c.c. per g.) gave a 60% yield (Found: Br + I, 38-95. C,,H,,N,SBrI requires Br + I, 
38-8%). The orange needles melted at 278—279° (decomp.). _ Both this and the preceding 
dye have an absorption maximum at (4850 A. and sensitise a gelatino-bromide emulsion, giving 
a maximum at 25250 A. 

5-Chloro-2 : 2'-diethylthia-l'-cyanine Iodide (IV; R=Cl, X =I1).—From_ 5-chloro-l- 
methylbenzthiazole ethiodide, 1-iodoisoquinoline ethiodide, and potassium carbonate in absolute 
alcohol, the dye was obtained in 61% yield after ether extraction. After recrystallisation from 
methyl alcohol (60 c.c. per g.), the yield was 52% (Found, after drying at 80—100°: Cl + I, 
32-5. C,,H,.N,SCII requires Cl + I, 32-8%). The dye forms bright red crystals with a green 
reflex; m. p. 250° (decomp.). 

5-Bromo-2 : 2'-diethylthia-1'-cyanine Iodide (IV; R=Br, X =I1).—From_ 5-bromo-l- 
methylbenzthiazole etho-p-toluenesulphonate, 1-iodoisoquinoline ethiodide, and. potassium 
carbonate in absolute alcohol, the water- and ether-washed dye was obtained in 78% yield. 
Recrystallisation from methyl alcohol (70 c.c. per g.) resulted in a 56% yield of small, dull red 
crystals with a green reflex (Found: Br + I, 38-75. C,,H,,N,SBrI requires Br + I, 38-4%) ; 
m. p. 253° (decomp.). This and the preceding dye each show a broad absorption band, with its 
crest at about 5000 A. They are extremely weak sensitisers. 

5 : 5’-Dichloro-2 : 2’-diethylthiacarbocyanine iodide (V; R=Cl, R’=H, X=I1) was 
prepared from 5-chloro-1-methylbenzthiazole ethiodide and ethyl orthoformate in pyridine by 
the standard method (Hamer, J., 1927, 2796). After washing with water and with ether, the 
yield of dye was 56%; after recrystallisation from methyl alcohol (900 c.c. per g.), it was 46% 
(Found: Cl + I, 34:9. C,,H, N,S,Cl,I requires 2Cl + I, 35-3%). The steel-blue crystals melt 
at 292° (decomp.). 
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5 : 5'-Dibromo-2 : 2'-diethylthiacarbocyanine Bromide (V; R = Br, R’ = H, X = Br).—The 
hot reaction mixture from 5-bromo-1-methylbenzthiazole etho-p-toluenesulphonate, ethyl ortho- 
formate, and pyridine was treated with excess of 25% aqueous potassium bromide (10 mols. 
per mol. of dye). The water-washed dye bromide resulted in 57% yield and was recrystallised 
from methyl alcohol (295 c.c. per g.), the yield of steel-blue crystals then being 36% (Found : 
Br, 39-5. C,,H,,N,S,Br, requires Br, 39-89%); m. p. 283° (decomp.). This dye, like the corre- 
sponding dichloro-compound, has its absorption maximum at 15600 A., and each sensitising 
maximum lies at 16000 A. 

5 : 5'-Dichloro-8-methyl-2 : 2'-diethylthiacarbocyanine Iodide (V; R=Cl, R’=Me, X= 
I).—The yield of product from 5-chloro-l-methylbenzthiazole ethiodide, ethyl orthoformate, 
and pyridine was 43% after washing with ether. After recrystallisation from methyl alcohol 
(765 c.c. per g.), the yield of dull purple crystals was 20% (Found: Cl + I, 34-1. C,,H,,N,S,Cl,I 
requires 2Cl + I, 34:4%); m. p. 303° (decomp.). 

5 : 5'-Dibromo-8-methyl-2 : 2’-diethylthiacarbocyanine Bromide (V; R = Br, R’ = Me, X = 
Br).—The reaction product from 5-bromo-l-methylbenzthiazole etho-p-toluenesulphonate, 
ethyl orthoacetate, and pyridine was treated hot with excess of aqueous potassium bromide. 
The dye, after washing with water and ether, was obtained in 68% yield and, after recrystallis- 
ation from methyl alcohol (1335 c.c. per g.), in 41% yield (Found: Br, 38-65. C,,H,,N,S,Br, 
requires Br, 38-9%). The dull purple powder melted at 280° (decomp.). This and the pre- 
ceding dye show their maximum absorption at 5500 A. 

5 : 5'-Dichloro-2 : 2’ : 8-triethylthiacarbocyanine Iodide (V; R=Cl, R’=Et, X = I).— 
5-Chloro-1-methylbenzthiazole etho-p-toluenesulphonate was prepared by heating the base and 
ester at 145—160° for 3 hours. By heating it with methyl orthopropionate and pyridine and 
treating the reaction mixture with aqueous potassium iodide solution, the yield of dye iodide 
was 38%. Recrystallisation from methyl alcohol (225 c.c. per g.) gave a 23% yield of minute 
steel-blue crystals (Found, for material dried in a vacuum at 80—100°: Cl+ I, 33-5. 
C,,H,,;N,5,Cl,I requires 2Cl + I, 33-6%); m. p. ca. 258° (decomp.). 

5 : 5'-Dibromo-2 : 2’ : 8-triethylthiacarbocyanine Iodide (V; R= Br, R’ = Et, X = I).— 
Obtained by treating the reaction mixture from 5-bromo-l-methylbenzthiazole etho-p-toluene- 
sulphonate, methyl orthopropionate, and pyridine with excess of aqueous potassium bromide, 
the washed dye resulted in 77% yield. Recrystallisation from methyl alcohol (165 c.c. per g.) 
gave a 55% yield (Found: Br, 38-0. C,,;H,,N,S,Br, requires Br, 38-0%). The bluish-violet 
platelets melted at 273° (decomp.). This and the corresponding dichloro-compound have their 
maximum absorption at 16000 A. 

5 : 5'-Dichloro-8-phenyl-2 : 2'-diethylthiacarbocyanine Iodide (V; R = Cl, R’ = Ph, X = I).— 
On treating the reaction mixture from 5-chloro-1-methylbenzthiazole etho-p-toluenesulphonate, 
ethyl orthobenzoate, and pyridine with excess of aqueous potassium iodide solution, the yield 
of dye, after washing with water and ether, was 67%. Recrystallisation from methyl alcohol 
(360 c.c. per g.) gave a 43% yield of greenish crystals (Found: Cl + I, 30-8. C,,H,,N,S,Cl,I 
requires 2Cl + I, 31-05%); m. p. 270° (decomp.). 

5 : 5'-Dibromo-8-phenyl-2 : 2'-diethylthiacarbocyanine Iodide (V; R = Br, R’ = Ph, X = I). 
—Similarly from 5-bromo-l-methylbenzthiazole etho-p-toluenesulphonate the yield of washed 
dye iodide was 100% and, after recrystallisation from methyl alcohol (700 c.c. per g.), 50% 
(Found: Br+ I, 39-65. C,,H,,N,S,Br,I requires 2Br + I, 39-56%). The small dull green 
crystals melted at 280° (decomp.). For this and the preceding compound, the absorption maxi- 
mum lies at 15650 A. and the sensitising maximum at 16050 A. 

5 : 5'-Dichloro-2 : 2'-diethylthiadicarbocyanine Iodide (VI; R=Cl, R’=H, X=I).— 
5-Chloro-1-methylbenzthiazole ethiodide (1-97 g.; 2 mols.) and §-anilinoacraldehyde anil 
hydrochloride (0-75 g.; 1 mol.) were boiled together in absolute alcohol (20 c.c.), treated with a 
solution of sodium (0-14 g.; 2 atoms) in absolute alcohol (10 c.c.), and further boiled for 
3 minutes. The product was filtered off when cold, ground with water, and extracted with ether. 
On recrystallising the undissolved residue (1-17 g.; 69% yield) from methyl alcohol (555 c.c. per 
g.), the yield of olive-green crystals was 52% (0-88 g.) (Found: Cl + I, 32-7. C,,H,,N,S,Cl,I 
requires 2C] + I, 32-9%); m. p. 278° (decomp.). The absorption maximum lies at 16600 A., 
and the sensitising maximum at 47100 A. 

5 : 5’ : 9-Trichloro-2 : 2'-diethylthiadicarbocyanine Iodide (VI; R= R’=Cl, X =I).—A 
similar preparation with a-chloro-f-anilinoacraldehyde anil hydrochloride, instead of the 
unsubstituted anil, gave an 86% yield of product and, after recrystallisation from methyl] alcohol 
(1000 c.c. per g.), 51% (Found: Cl + I, 37-6. C,,;H, N,S,Cl,I requires 3Cl + I, 37-5%). The 
minute green crystals melted at 267° (decomp.). 
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5 : 5'-Dibromo-2 : 2'-diethylthiadicarbocyanine p-Toluenesulphonate (VI; R= Br, R’ =H, 
X=p-C,H,Me’SO,).—Similarly, from 5-bromo-1-methylbenzthiazole etho-p-toluenesulphonate, 
§-anilinoacraldehyde anil hydrochloride, and sodium in alcohol, a dye was obtained in theoretical . 
yield. After recrystallisation from methyl alcohol (140 c.c. per g.), the yield was 52% (Found : 
Br, 22-35. Cs9H,,0,;N,S,Br, requires Br, 22-2%). The green crystals had a gclden lustre; 
m. p. 230° (decomp.). The absorption maximum is at 16600 A., and the sensitising maximum 
at 47050 A. 

5: 5’ : 9-Tribromo-2 : 2'-diethylthiadicarbocyanine Bromide (VI; R= R’ = Br, X = Br).— 
The dye similarly prepared by use of «-bromo-f$-anilinoacraldehyde anil hydrobromide, instead 
of the unsubstituted anil, was converted into bromide by treating its alcoholic solution with 
aqueous ammonium bromide. The yield was 60%, and recrystallisation from methyl alcohol 
(380 c.c. per g.) gave a 42% yield of small green crystals (Found: Br, 45-4. C,3H, N,S,Br, 
requires Br, 45:2%); m. p. 228° (decomp.). Like the corresponding trichloro-compound, 
this substance has its absorption maximum at 26500 A., and its sensitising maximum at 47000 A. 

5 : 5'-Dichloro-2 : 2'-diethylthiatricarbocyanine Iodide (VII; R= Cl, X = I).—5-Chloro-1- 
methylbenzthiazole ethiodide (3 g.) was treated with glutaconaldehyde dianilide hydrochloride 
and sodium dissolved in alcohol, as in preparing the unsubstituted tricarbocyanine (Fisher and 
Hamer, J., 1933, 189). The product was washed with water and with ether (42% yield) and was 
boiled out with methyl alcohol (2 x 30c.c.). The bright green, very insoluble, residue consti- 
tuted a 36% yield (Found: Cl+ I, 31-2. C,,;H,,;N,S,Cl,I,}CH,°OH requires 2Cl + I, 31-4%); 
m. p. 227° (decomp.). The absorption maximum is at 47650 A., and the sensitising maximum at 
28150 A. 

5 : 5’-Dibromo-2 : 2'-diethylthiatricarbocyanine p-Toluenesulphonate (VII; R=Br, X= 
p-C,H,Me-SO,).—5-Bromo-l-methylbenzthiazole etho-p-toluenesulphonate, when similarly 
treated, gave a 76% yield of alcohol-washed tricarbocyanine. After recrystallising from methyl 
alcohol (315 c.c. per g.), the dye resulted in 42% yield as bright green crystals (Found: Br, 21-4, 
C3,H3,0,N,S,Br, requires Br, 21-4%); m. p. ca. 184° (decomp.). The absorption maximum is 
at 17700 A., and the sensitising maximum at 48200 A. 


Kopak Ltp., WEALDSTONE, MIDDLESEX. [Received, June 4th, 1936.] 





261. The Halogenation of Phenolic Ethers and Anilides. Part VII. A 
New Method of Determining the Proportions of o- and p-Isomerides in 
a Mixture. 


By BRYNMOR JONES. 


MrIxTuRES of isomeric derivatives of benzene are frequently analysed by the examination of 
physical properties such as freezing points, solubility, or density. Such methods have been 
successfully employed in very many cases, yet in so far as they necessitate the isolation and 
purification of the mixture they are often tedious and occasionally uncertain. Existing 
methods depending on a difference of chemical properties, however, are less trustworthy. 
It is, nevertheless, apparent that any physical or chemical property which discriminates 
sharply between isomerides may be employed. A method is now reported, suitable for use 
in nuclear chlorination reactions, which depends on the difference in the velocities of substi- 
tution of o- and p-isomerides, and permits of the rapid estimation of the proportions without 
isolation of the mixtures to be analysed. This method has been applied in the first instance 
to the determination of the proportions formed in the chlorination of three anilides. 

Since the present method depends on a difference of riuclear reactivity of isomerides, the 
larger this difference the greater the sensitivity and the more accurate the determination 
of the proportions. For acetanilide the respective velocities, k(20°), are o-Cl 0-127, p-Cl 
0-365, 2 : 4-Cl, 0-0007, and it is clear from these values that the accuracy of the method is 
not appreciably affected by the gradual accumulation of the dichloroanilide. Since similar 
differences in reactivity are apparent in all the o- and p-isomerides examined (cf. table 
and J., 1934, 210), it follows that mixtures of these will have reactivities lying between these 
limits, the exact value depending on the composition of the mixture. Such a mixture 
of o- and p-isomerides, obtained by controlled chlorination of an unsubstituted anilide with 
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1 mol. of chlorine, is analysed by carefully determining its velocity of further chlorination 
and observing the coincidence of the velocity with that of an artificial mixture of known 
composition. 

The following table contains the values now found and those determined by Orton and 
Bradfield (J., 1927, 986) by a sublimation method and by the analysis of f. p. curves. 


Chlorination in acetic acid at 20°. 
O. and B.* Present values.f 
ortho-. para-. ortho-. 
IEE ions in cin eteon om cmndinnaneeaidin 32°5 67°5 29 


Benzanilide 69°6 29 
Benzenesulphonanilide 65°0 28°5 


* Acetic acid, m. p. 16°. t ‘99% Acetic acid.” 


When comparing these values, it should be realised that errors arising from any tendency 
to over-chlorination and particularly to under-chlorination affect'the observed proportions 
differently. Inthe m. p. method such factors will tend to increase the apparent percentage 
of the o-isomeride. In the present method, on the other hand, under-chlorination is the 
more serious since traces of the parent substance will cause a rapid initial disappearance of 
chlorine and so result in an erroneously high value for the more active p-isomeride. Free- 
dom of the mixture of isomerides from traces of the parent substance is therefore essential. 

The error to which any individual determination is subject is difficult to estimate with 
certainty, but, the mean of two concordant experiments being taken, it is probable that for 
acet- and benz-anilides the proportions are accurate to + 1%. Benzenesulphonanilide 
and its chloro-derivatives are less reactive, and the error here is probably higher. To 
minimise the introduction of accidental errors as far as possible, it is advisable to deter- 
mine all the velocities for any one particular substance at the same time under identical 
conditions. 

Although somewhat limited in application, the present method has the advantage of 
great rapidity since, once the materials have been prepared, a complete estimation can be 
carried out within a few hours. 

The following new velocity coefficients required for the above discussion have been 
determined. 


Velocity coefficients for the chlorination of substances of the type o-NHAc*C,H,X in 99% 
acetic acid at 20°. 


[Cl,] = 0°02M; [HCI] = 0-0475M. 


Concn. of anilide, mols./l. ...... 0-02 0°06 
Mol. proptn. of anilide 1 3 


Group X. Group Ac. 
o-Cl C,H,°CO — 0°219 _ 
, CH,°CO 0°127 0°125 0°132 
C,H,°CO 0-089 _ _— 
C,H,°SO, — 0°0726 0°0758 
C,H,’SO, —_ 0°0433 0°0434 


2 : 4-Dichloroacetanilide : k = 0°00073. 
[Cl,] = 0°02M; [HCI] = 0°05M; [anilide] = 0°20M. 


EXPERIMENTAL. 


The success of the present method depends very largely on the smoothness and quantitative 
accuracy with which the initial chlorination of the parent anilide to the mixture of isomerides 
can be carried out. For the present requirements the regulated method of chlorination intro- 
duced by Orton and King (J., 1911, 99, 1185; Ann. Reports, 1928, 25, 143) is very suitable, since 
the addition of a minute amount of hydrochloric acid to the acetic acid solution containing the 
calculated amount of a chloroamine and anilide produces a low concentration of chlorine which 
maintains itself throughout the process, and at the same time precludes the occurrence of a high 
local concentration which might lead to poly-substitution. To ensure freedom of the mixture 
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of isomerides thus obtained from traces of the parent anilide, 0-5% excess chlorine is employed, 
errors resulting thereby being of secondary importance. 

For the initial chlorination of the anilides to the mixtures of isomerides the following pro- 
cedure was adopted. To one molecular proportion of the anilide dissolved in a small quantity 
of purified acetic acid in a 100 c.c. flask was added one molecular proportion (+ 0-5% excess) 
of chlorine in the form of a chloroamine. An amount of water, which, together with that present 
in the acetic acid and that to be added in the form of constant-boiling solution of hydrochloric 
acid, would make up 1 c.c., was added, and the solution made up nearly to the 100 c.c. mark with 
more acetic acid. When the solution had attained the temperature of the thermostat, 1/30th 
molecular proportion of hydrochloric acid was added, the contents of the flask thoroughly 
mixed by shaking, and the flask replaced in the thermostat. When all the chlorine had reacted, 
an amount of pure silver acetate equivalent to the hydrochloric acid (+ 5% excess) used was 
added. The precipitated silver chloride was filtered off quickly through a thoroughly dry appar- 
atus or, better, allowed to settle, whereupon an aliquot portion of the solution was withdrawn and 
the velocity of further chlorination determined in the same manner as for the artificial mixtures. 

The velocities of chlorination of mixtures of isomerides were determined by the method 
previously described (cf. earlier parts of this series), except that now all the titrations relating 
to one particular substance were withdrawn at identical times. Since the velocity of reaction is 
sensitive to small variations in the water content of the medium, care is necessary to ensure that 
this is the same in all measurements. A microburette graduated in 0-02 c.c. was employed, and 
each recorded value is the mean of two independent determinations. 

The values of the proportions now recorded were obtained by extrapolation of the titres of the 
different mixtures at identical times, and not by a comparison of velocity coefficients. Since 
the mixtures consist of two isomerides of different reactivity, velocity coefficients obtained from 
the ordinary expression for a bimolecular reaction are not true constants. It is clear that such 
values should decrease gradually as the reaction progresses, That this decrease was not shown 
in the present casesis apparent from the values for ‘‘ unknown I” (0-2195, 0-2174, 0-2187), and can 
be accounted for by loss of chlorine when successive portions are withdrawn and the air space 
above the solution increases in volume. In slow chlorinations of the type now considered this 
phenomenon has been frequently observed in the course of this work when equimolecular pro- 
portions of reactants are employed. Experiments by Gwyn Williams (Thesis, Bangor, 1927) 
on acetic acid solutions of chlorine have established the correctness of this view by showing that 
errors which arise owing to the volatility of the chlorine can be eliminated by keeping the air 
space to a minimum, and by maintaining the same concentration of chlorine in the indrawn air 
as in the air above the solution. 

The results of the measurements are given in the following tables. 


Benzanilide, T = 20°, 


Titres (c.c.) (tg = 12°00 c.c. Titres (c.c.) (t, = 12°00 c.c, 
N/30-Na,S,O3) . N/30-Na,S,Q;5). 








Time, mins. ‘120 204 273 Time, mins. 120 204 273 
“ Unknown I” 7-86 6°36 5°46 10%, p- + 30% o- 7°89 6-36 5°49 
73%, p- + 27% o- 7:80 6:27 5°37 67%, p- + 33% 0- 7°96 6°48 5°61 


Proportions over three intervals of time: » = 71, 70, 71. Mean 71%. 


Acetanilide. 
Time, mins. 120 235 305 Time, mins. 120 235 305 


“Unknown II” ... 7°19 5°16 440 10% p-+30%0- 17°22 5-19 nie 
13% p-+27%0- 7:10 5-09 434 67% p-+33%0- 1735 5°33 4°58 


Proportions over three intervals of time: » = 7, 71, 71. Mean 71%. 


Benzenesulphonanilide, 
Time, mins, 120 185 263 Time, mins. 120 185 263 


“ Unknown III”... 8°74 7-72 678 13% p-+27%0- 875 7°65 6°65 
10% p- + 30% o- 8-81 7-76 6°78 


Proportions over three intervals of time: p = 73°5, 71, 70. Mean 71°5%, ° 


Materials.—Throughout, carefully purified materials are necessary, freedom from impurities 
reactive towards chlorine being essential. All anilides were therefore crystallised: at least . 
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thrice from ethyl alcohol or glacial acetic acid. The chloroamine, dichloramine-T, was purified 
by solution in hot glacial acetic acid and crystallisation induced by the addition of a few c.c. of an 
approximately N/5 aqueous solution of bleaching powder. All solutions of the chloroamine 
were carefully standardised before use. An acetic acid stable to chlorine was obtained by dis- 
tillation from chromic oxide according to the method of Orton and Bradfield (J., 1927, 983), 


The author thanks the Chemical Society for a grant. 
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262. 9-Acetamido-2 : 3: 4: 6-tetramethoxyphenanthrene. 
By THomas M. SHARP. 


In connexion with chemotherapeutic work being carried out by a colleague, it was desirable 
to prepare 9-acetamido-2 : 3:4: 6-tetramethoxyphenanthrene (I). The synthesis was 
effected by the following stages. 3: 4: 5-Trimethoxybenzaldehyde was nitrated, yielding 
the 2-nitro-derivative; this was condensed with sodium #-methoxyphenylacetate to 
give 2-nitro-3 : 4 : 5-trimethoxy-a-p-methoxyphenylcinnamic acid, and reduction furnished 
the corresponding amino-derivative. Pschorr’s original method for the synthesis of 
phenanthrenes from o-amino-«-phenylcinnamic acids by diazotisation and treatment 
with copper powder (Ber., 1896, 29, 496) gave a poor yield of phenanthrene derivative, 
but a later modification by Pschorr and Zeidler (Amnalen, 1910, 378, 78) applied to the 
above amino-compound led to the formation of 2:3 : 4: 6-tetramethoxyphenanthrene-9- 
carboxylic acid. This was converted into 9-amino-2 : 3 : 4 : 6-tetramethoxyphenanthrene 
by the Curtius method, and on acetylation this yielded the desired substance (I). 


Me NHAc 
MeO 


Me 


(I.) 


Me 


Colchicine, to which Windaus (Amnalen, 1924, 489, 59) ascribes formula (II), on 
hydrolysis readily loses the methyl group in the side chain at position 7, with the formation 
of colchiceine. The latter has many of the properties of an aromatic hydroxyaldehyde, 
and it was therefore thought of interest to attempt to introduce an aldehyde group into 
position 7 of (I), in order to compare the properties of such a substance with those of 
colchicine. The methods used by Smith (J., 1916, 109, 569) for the introduction of an 
aldehyde group into 3-phenanthrol, and by Hinkel, Ayling, and Beynon (this vol., p. 344) 
for the preparation of phenanthrene-9-aldehyde were tried with (I), but the products 
in each case were dark-coloured resinous substances from which crystalline aldehyde 
could not be obtained; unfortunately, sufficient material was not available to permit of 
extended trial under varying conditions. 

The nitration of 3: 4: 5-trimethoxybenzaldehyde presented considerable difficulties ; 
the best yield of nitro-compound obtained was about 20%, and 4: 5-dinitrotrimethyl- 
pyrogallol and 2: 6-dimethoxy-p-benzoquinone were identified as by-products. The 
loss of the aldehyde group in the nitration of ethers of other aromatic hydroxyaldehydes 
has been noticed previously. Salway (J., 1909, 95, 1155) concluded that the aldehyde 
group in such compounds was replaced directly by the nitro-group: analogous replace- 
ments have been obtained with ethers of polyhydroxybenzoic acids (Harding, J., 1911, 
99, 1585, who reviews earlier results). 4 : 5-Dinitrotrimethylpyrogallol has been observed 
as a nitration product of trimethylgallic acid (Thomas and Siebeling, Ber., 1911, 44, 2115; 
Harding, loc. cit.), and 2: 6-dimethoxy-p-benzoquinone as one of the products of the 
action of nitric acid on trimethylpyrogallol (Will, Ber., 1888, 21, 613). 
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EXPERIMENTAL. 


Trimethylgallaldehyde was prepared by Rosenmund’s method (Ber., 1918, 51, 585, 594) 
by the catalytic reduction of trimethylgalloyl chloride (Slotta and Szyska, J. pr. Chem., 1933, 
137, 343) with hydrogen in boiling xylene solution in the presence of palladised barium sulphate. 
This process has previously been used by other investigators, who record yields of from about 
50% (Baker and Robinson, J., 1929, 156) to 80% (Nierenstein, J. pr. Chem., 1931, 182, 200), 
and reaction times of 6—80 hours. The present author used Nierenstein’s process, and found 
that pure sulphur-free xylene gave mainly trimethylgallic anhydride, while the “‘ commercial- 
purified ’’ grade of xylene with the addition of a trace of sulphurised quinoline (Rosenmund, 
Ber., 1921, 54, 425) gave yields of pure aldehyde of 70—80%. The reaction time was about 
20 hours with fresh catalyst, but less with catalyst which had been used for previous batches. 
The non-aldehydic product of the reaction contained trimethylgallic anhydride, m. p. 160—161° 
(Fischer and Freudenberg, Ber., 1913, 46, 1116) (Found: C, 59-1; H, 5-47. Calc. for C,,H,,0, : 
C, 59-1; H, 5-46%). 

2-Nitro-3 : 4 : 5-trimethoxybenzaldehyde.—Finely powdered sodium persulphate (5 g.) was 
dissolved in concentrated sulphuric acid (450 c.c.), and trimethylgallaldehyde (25 g.) added 
in small portions to the stirred solution. When complete solution was obtained, the mixture 
was cooled to — 8° (if nuclei are undissolved the sulphuric acid usually crystallises and prevents 
mixing), and nitric acid (d 1-42, 8-25 c.c.) in concentrated sulphuric acid (75 c.c.) added during 
20 minutes; stirring was continued for a further 5 minutes, and the dark brown mixture poured 
on about 2 kg. of ice. The sticky brown precipitate formed soon became granular; it was 
filtered off, dissolved in ether, the solution washed with sodium bicarbonate, and shaken with 
sodium bisulphite solution. The bisulphite compound after decomposition with sodium 
hydroxide furnished crude aldehyde (7—8-8 g.). This on crystallisation from alcohol gave 
pale yellow needles or platelets, m. p. 76—77° (corr.) (4—6 g.) (Found: C, 50-2; H, 4-7; N, 6-15. 
C,,H,,0,N requires C, 49-8; H, 4-6; N, 5-8%). The ethereal residue afforded 4 : 5-dinitro- 
1 : 2: 3-trimethoxybenzene, m. p. 121—122° (Found: C, 42-3; H, 4-06; N, 10-5. Calc. for 
C,H,,O,N,: C, 41-8; H, 3-9; N, 10-86%). Unchanged trimethylgallaldehyde (about 2 g.) 
was recovered from the aqueous acid mother-liquors by extraction with ether; subsequent 
extraction with chloroform furnished 2 : 6-dimethoxy-p-benzoquinone, golden-yellow needles 
from ethyl acetate, m. p. 253—255° (corr.) (Found: C, 57-55; H, 4-8. Calc. for C,H,O,: 
C, 57:1; H, 48%). 

2-Nitro-3 : 4: 5-trimethoxy-a-p-methoxyphenylcinnamic Acid.—Sodium p-methoxypheny]l- 
acetate (Dakin, J. Biol. Chem., 1910, 8, 22) (16-3 g.), dried at 130°, was mixed with 2-nitro- 
3: 4: 5-trimethoxybenzaldehyde (21 g.) and acetic anhydride (156 c.c.), heated under reflux 
for 8 hours (oil-bath) at 135°, and set aside over-night; water (150 c.c.) was added, and the 
mixture warmed to decompose the acetic anhydride. The condensation product precipitated 
by water was extracted with ether, the extract washed with water, re-extracted with sodium 
carbonate solution, and the acid recovered; it crystallised from alcohol in pale yellow, stout 
prisms, m. p. 170—171° (corr.) (Found: C, 58-7; H, 4-6; N, 3-7. C,.H,,O,N requires C, 
58-6; H, 4:9; N, 3-6%); yield 15-85 g. 

2-Amino-3 : 4: 5-trimethoxy-a-p-methoxyphenylcinnamic Acid.—A_ solution of ferrous 
sulphate (120 g., 7H,O) in water (370 c.c.) was mixed with ammonia (d 0-880, 315 c.c.), warmed 
on a water-bath to 70°, and treated with the foregoing nitro-acid (17-7 g.) in ammonia (d 0-880, 
60 c.c.). The mixture was heated for an hour on the water-bath, filtered, the filtrate cooled to 
0°, made slightly acid to Congo-red, and extracted with ether. On evaporation this left the amine 
(14-46 g.) as a yellow solid which crystallised from alcohol in stout prisms, m, p. 167—-168° (corr.) 
(yield, pure, 13-8 g.) (Found: C, 63-3; H, 5-7; N, 3-95. C,,H,,O,N requires C, 63-5; H, 5-9; N, 
39%). A second form was occasionally obtained which crystallised from alcohol in thin 
yellow plates, m. p. 159°. The two forms are interconvertible by crystallisation from alcohol, 
a seed of the desired form being used. 

2:3:4: 6-Tetramethoxyphenanthrene- -9-carboxylic Acid, —The above amino-acid (12-36 g.) 
was dissolved in sulphuric acid (5%, 300 c.c.) with the aid of heat, cooled to 50°, and sodium 
nitrite (4 g.) in water (20 c.c.) added slowly with stirring. The mixture darkened and a tarry 
substance separated. Heating was continued for 20 minutes, after which the products of 
reaction were extracted with ether. They were separated into acid and non-acid fractions by 
extraction with sodium carbonate solution. The former gave 2:3: 4: 6-tetramethoxy- 
phenanthrene-9-carboxylic acid, small light-brown sandy crystals from alcohol, m. p. 172—173° 
(corr.) (5:7 g.) (Found: C, 67-1; H, 5-5. C,,H,,O, requires C, 66-7; H, 5-3%), and the latter 
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(3 g.) yielded a nitrogenous substance, which has not been identified, separating from benzene 
or alcohol in pale yellow rectangular plates, m. p. 162—163°. 

9-Amino-2:3: 4: 6-tetramethoxyphenanthrene.—2 : 3 : 4: 6-Tetramethoxyphenanthrene - 9- 
carboxylic acid (5-14 g.) was esterified with dry alcohol and hydrogen chloride, and the crude 
ester (4-85 g., m. p. 122°) without further purification converted into the hydrazide by boiling 
with hydrazine hydrate (15 c.c.) for 4 hours under reflux. Alcohol (25 c.c.) was added, and 
boiling continued for an hour to complete the reaction. Alcohol and excess of hydrazine were 
removed by evaporation under reduced pressure on the water-bath. The residue was dissolved 
in absolute alcohol, from which the crude hydrazide separated as an almost white solid (3-5 g., 
m. p. 191—196°); it was suspended in alcohol (70 c.c.) and converted into the azide by the 
addition of alcoholic hydrogen chloride (3-8N, 9-5 c.c.) and amyl nitrite (7 c.c.). The colour 
became similar to that of red phosphorus. After an hour in the ice-chest, the azide was filtered 
off, washed with alcohol, and dried in a desiccator (2-81 g., m. p. 97°, decomp.). It was boiled 
under reflux with dry alcohol (28 c.c.) for an hour and concentrated to about 2/3 volume. The 
urethane then crystallised out (2-44 g., m. p. 119—120°). Without further purification, it 
was boiled under reflux with 10% methyl-alcoholic potassium hydroxide (60 c.c.) for 34 hours, 
water added, the methyl] alcohol distilled off, and the amine isolated by extraction with ether, 
in which it is rather sparingly soluble. There were thus obtained 1-8 g. of 9-amino-2 : 3: 4: 6- 
tetramethoxyphenanthrene as a dark-coloured solid which, after crystallisation from alcohol 
(charcoal), formed colourless needles, m. p. 157—159° (corr.) (Found: C, 69-3; H, 5-95; N, 4-5. 
C,,H,,0,N requires C, 69-0; H, 6-1; N, 4-5%). This base was stirred for 5 minutes with an 
equal weight of acetic anhydride; water was then added, the acetyl derivative (I) collected, 
and recrystallised from methyl alcohol; it formed colourless needles, m. p. 152—153° (corr.) 
(Found: C, 67-2; H, 5-6; N, 4:05. C,,H,,O,N requires C, 67-6; H, 5-96; N, 3-9%). 


The author thanks Dr. T. A. Henry for his interest and advice, Mr. A. G. Turner for assistance 
in the preparative work, and Messrs. A. Bennett and H. C. Clarke for the micro-analyses. 
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263. Arsonic Acids of Diphenylene Oxide and Diphenyl Ether. 


By W. Cure Davies and CLIFFORD W. OTHEN. 


THE only arsenic derivatives of diphenylene oxide hitherto prepared are 3-nitro-l-arsono- 
diphenylene oxide and the corresponding amino-compound (Hall and Hamilton, J. Amer. 
Chem. Soc., 1934, 56, 1779). We have now prepared three of the four possible mono- 
arsonic acids directly from diphenylene oxide. 

Mercuration of diphenylene oxide yields 1-acetoxymercuridiphenylene oxide, which can 
be converted into the 1l-chloromercuri-compound (Gilman and Young, J. Amer. Chem. 
Soc., 1934, 56, 1415). The latter on treatment with arsenic trichloride is converted into a 
dichloroarsine which when oxidised gives diphenylene oxide-l-arsonic acid monohydrate in 
rather poor yield. 

Nitration of diphenylene oxide gives mainly the 2-nitro-derivative. This on reduction 
gives the 2-amino-compound, which is converted into diphenylene oxide-2-arsonic acid 
monohydrate by the Bart reaction. 

Finally, bromination of diphenylene oxide yields 3-bromodiphenylene oxide which may 
be converted into the 3-amino-compound. The latter by the Bart reaction gave diphenyl- 
ene oxide-3-arsonic acid monohydrate. 

There is no reaction when diphenylene oxide is heated with arsenic chloride, but on 
addition of a small amount of aluminium chloride there is a slow evolution of hydrogen 
chloride. In the absence of a solvent there is much carbonisation and formation of coloured 
substances, but reaction is smoother when a solvent, o-dichlorobenzene, is employed. 
From the product, after oxidation, a small amount of an arsonic acid, identical with the 
3-acid synthesised above, was isolated. The group —AsCl,, therefore, enters the 3-position 
in the direct arsenation of diphenylene oxide. 
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A fair yield of a dichlorophosphine is obtained when diphenylene oxide is treated with 
phosphorus trichloride in the presence of aluminium chloride. We have not been able to 
fix the orientation with certainty, but it is probably the 3-compound. 

When a mixture of diphenyl ether and arsenic trichloride is heated in the presence of 
aluminium chloride a yield of 36—46% of 10-chlorophenoxarsine is obtained (Lewis, Lowry, 
and Bergeim, J. Amer. Chem. Soc., 1921, 48, 891; Turner and Shepherd, J., 1925, 127, 
544). Turner and Shepherd have shown that o-phenoxyphenyldichloroarsine loses hydro- 
gen chloride when heated, thereby giving the above cyclic compound. Further, diphenyl 
ether and tellurium tetrachloride in chloroform solution give a phenoxyphenyltelluritri- 
chloride which when heated loses hydrogen chloride, giving 10 : 10-dichlorophenoxtellurine. 
Drew (J., 1926, 223) considered, without strict proof, that the telluritrichloride was a p- 
compound which when heated isomerised to the o-compound, the latter then losing hydrogen 
chloride to give the cyclic compound. A similar explanation does not hold in the case of 
arsenic trichloride, since we have synthesised p-phenoxyphenyldichloroarsine and shown 
that it does not yield the cyclic compound when heated at 200°, either alone or in the pres- 
ence of aluminium chloride. The low yield of 10-chlorophenoxarsine obtained from diphenyl 
ether and arsenic trichloride is thus explained, only the o-dichloroarsine undergoing cyclis- 
ation, any simultaneously formed f-compound remaining unchanged. It had been 
observed by Davies and Morris (J., 1932, 2880) that p-phenoxyphenyldichlorophosphine, 
which could be boiled at 12 mm. without change, was obtained in the condensation of 
diphenyl ether with phosphorus trichloride in the presence of aluminium chloride. No 
o-compound or cyclic compound was obtained. 


EXPERIMENTAL. 

General Method for Arsonic Acids.—The diazo-solution, prepared in the usual way from the 
amino-diphenylene oxide or diphenyl ether, was neutraiised with sodium bicarbonate, treated 
with a little copper sulphate, and then added gradually to an arsenious oxide solution con- 
taining copper sulphate (prepared by the method of Roberts and Turner, J., 1925, 127, 2009) 
at 50—60°. After 2 hours the mixture was filtered; the filtrate was acidified with hydrochloric 
acid, and the arsonic acid separated. The acids were purified by repeated dissolution in cold 
sodium hydroxide or carbonate solution, filtering, and reprecipitation with dilute hydrochloric 
acid; they were recrystallised from aqueous alcohol (diphenylene oxide arsonic acids) or glacial 
acetic acid (diphenyl ether arsonic acids). 

Diphenylene Oxide-l-arsonic Acid Monohydrate.—Diphenylene oxide (50 g.) and mercuric 
acetate (72 g.) were heated at 150° for 4 hours, The cooled melt was powdered, and extracted 
in a Soxhlet apparatus with a higher alcohol, such as n-propyl, -butyl, or isoamyl. An ethyl- 
alcoholic solution of calcium chloride was added to the hot extract, precipitating 1-chloromer- 
curidiphenylene oxide (50 g.) (Gilman and Young, /oc. cit.), which was purified by precipitation 
with water from its solution in acetone. The chloromercuri-compound (32 g.) and arsenic tri- 
chloride (14 g.) in benzene (50 c.c.) were heated at 100° for 5 hours. The mixture was filtered, 
the benzene and excess arsenic trichloride removed from the filtrate, the residue dissolved in 
20% sodium hydroxide solution, and treated with 20 c.c. of 15% hydrogen peroxide with vigor- 
ous shaking. The mixture was filtered, and the filtrate acidified with hydrochloric acid, giving 
0-5 g. of diphenylene oxide-l-arsonic acid monohydrate, from which a trace of diphenylene oxide 
was removed only with difficulty by the method of purification already described. The acid 
was a buff-coloured powder, m. p. 186—188° * (decomp.) (Found : equiv., 158. C,,H,O,As,H,O 
requires M, 310). The yield of arsonic acid was even poorer when the benzene was omitted from 
the heated mixture. 

Diphenylene Oxide-2-arsonic Acid Monohydrate.—A mixture of 2-nitrodiphenylene oxide 
(50 g.), prepared by nitration of diphenylene oxide (Ryan and Cullinane, Sci. Proc. Roy. Dublin 
Soc., 1924, 17, 321), iron powder (75 g.), water (50 c.c.), and 1 g. of ferric chloride was heated at 
100°, cooling being applied whenever the reaction became too vigorous. After 1 hour, the mix- 
ture was cooled, shaken with 250 c.c. of ether, and filtered. The ethereal layer was treated with 
concentrated hydrochloric acid, giving 2-aminodiphenylene oxide hydrochloride (48 g.), which 
was diazotised and treated with arsenious oxide, yielding diphenylene oxide-2-arsonic acid 
monohydrate (8 g.), m. p. 385° (Found: As, 24-5; H,O, 5-8; equiv., 156. C,,H,O,As,H,O 
requires As, 24:2; H,O, 58%; M, 310). The water content was determined by heating the 

* M. p.’s have not been corrected. 
4k 


of 
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acid for 8 hours at 160°; at 100° there was but little loss. The anhydrous acid was converted 
into the original hydrated acid (Found : equiv., 153) when its solution in sodium hydroxide was 
neutralised with hydrochloric acid. Equivalents were determined by dissolving a weighed 
quantity of the acid in excess of standard sodium hydroxide and titrating the excess with 
succinic acid, phenolphthalein being the indicator. The 2-arsonic acid was only sparingly 
soluble in hot water, but was soluble in alcohol and glacial acetic acid. 

The barium salt, prepared from ammoniacal solution, formed colourless crystals (Found : 
Ba, 32-1. C,,H,O,AsBa requires Ba, 32-1%). 

Diphenylene Oxide-3-arsonic Acid Monohydrate-—A mixture of 3-bromodiphenylene oxide 
(48 g., recrystallised from alcohol; prepared by the method of Mayer and Krieger, Ber., 1922, 55, 
1661), cuprous chloride (35 g.), and ammonia (500 c.c., d 0-88) was heated for 10 hours at 200— 
210° in a stainless-steel autoclave (Gilman, ]. Amer. Chem. Soc., 1934, 56, 2475). The product 
was filtered, and the residue (28 g.) diazotised and converted into the monohydrate of the 3- 
arsonic acid, which formed buff-coloured plates, m. p. 213—214° (Found: C, 46-8; H, 3-4; 
As, 24-1; H,O, 5-8; equiv., 155. C,,H,O,As,H,O requires C, 46-5; H, 3-6; As, 24-2; H,O, 
58%; M,310); yield3g. The dehydrated acid, m. p. ca. 360°, was converted into the original 
acid (m. p. and mixed m. p.) by the method described for the 2-arsonic acid. The barium salt 
(Found : Ba, 32-1%) was prepared as above. 

Direct Arsonation of Diphenylene Oxide——A mixture of diphenylene oxide (17 g.), arsenic 
trichloride (20 g.), o-dichlorobenzene (50 g.), and commercial aluminium chloride (1 g.) was 
refluxed for 4 hours. There was a slow evolution of hydrogen chloride. Excess arsenic tri- 
chloride and solvent were removed by distillation at reduced pressure, and the residue was 
extracted with light petroleum; the solvent was evaporated, and the residue extracted with 
warm dilute sodium hydroxide. The alkaline extract was then treated with hydrogen peroxide, 
and after 1 hour the mixture was acidified with hydrochloric acid. The precipitate obtained, 
after purification, was shown to be diphenylene oxide-3-arsonic acid monohydrate (m. p. and 
mixed m. p. with synthetic acid). 

Diphenylene Oxide and Phosphorus Trichloride—A mixture of diphenylene oxide (168 g.), 
phosphorus trichloride (87 c.c.), and aluminium chloride (20 g.) was refluxed for 36 hours, and 
fractionally distilled at reduced pressure. Diphenylene oxide passed over, followed by 20 g. 
of a dichlorophosphine of diphenylene oxide, b. p. 245—250°/25 mm., solidifying at ordinary 
temperatures, and converted into a crystalline phosphinous acid, m. p. 125°, by boiling with 
water. ‘ 

Diphenyl ether was nitrated by Suter’s method (J. Amer. Chem. Soc., 1929, 51, 2581). 
The pure p-nitro-compound and the crude o-compound were reduced separately by means of 
iron, water, and a little ferric chloride. The mixtures were filtered, and the filtrates made acid 
with sulphuric acid. »-Aminodipheny]l ether sulphate was precipitated at once, but o-amino- 
diphenyl ether was obtained as an oil (which slowly solidified) when the filtered acid solution was 
basified with sodium hydroxide. 

p-Phenoxyphenylarsonic acid was prepared from the p-amino-sulphate by the Bart reaction ; 
yield of crude acid, 26%. It was best recrystallised from glacial acetic acid, forming colourless 
plates, m. p. 365° (Found: As, 25-1, 25-3; equiv., 148. C,,H,,O,As requires As, 254%; M, 
294). The acid is soluble in cold alcohol, but only sparingly soluble even in boiling water. 

The arsonic acid was suspended in warm concentrated hydrochloric acid, a trace of iodine 
added, and the mixture saturated with sulphur dioxide. The precipitated oil was extracted 
with carbon tetrachloride, and the solvent removed from the dried extract (sodium sulphate), 
leaving an oil which solidified to a pale yellow crystalline mass of p-phenoxyphenyldichloroarsine, 
m. p. 66° (Found: As, 23-3. C,,H,OCI,As requires As, 23-8%), which was pressed out on a 
porous plate. Similarly, o-phenoxyphenyldichloroarsine (Turner and Shepherd, Joc. cit.) was 
obtained as an orange-red oil. 

Attempted Ring Closure.—Portions of the o- and p-dichloroarsines were heated for 6 hours at 
200° at 10mm. When cold, the former was solid, but the latter liquid. Both were treated with 
a little warm chloroform, the extract filtered, and warm light petroleum added. Crystals of 
10-chlorophenoxarsine (m. p. 124°) quickly separated from the first, but none from the second. 
This method was shown to be satisfactory for detecting small quantities of the cyclic compound. 
Further, no cyclic compound was obtained from the p-dichloroarsine when it was heated as before, 
but with the addition of a little aluminium chloride. 

p-Bromo-p’-arsonodiphenyl ether, prepared from p-bromo-p’-aminodipheny] ether by the Bart 
reaction, formed colourless needles, m. p. 354—355° (Found: As, 20-0; equiv., 185. 
C,,H,,O,BrAs requires As, 20-1%; M, 373). 
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Action of Bromine on p-Phenoxyphenylarsonic Acid.—The acid was suspended in carbon 
tetrachloride and warmed with the calculated quantity of bromine. The solvent was expelled, 
and the residue recrystallised from glacial acetic acid, giving p-bromo-p’-arsonodiphenyl ether, 
m. p. 353—355°, mixed m. p. 354—356°. It must be inferred that the directive power of the 
group O-C,H,-AsO(OH), is similar to that of the phenoxy-group itself. A similar result was 
obtained by Davies and Morris (/oc. cit.) in the bromination of p-phenoxyphenylphosphonic acid. 

p-Chloro-p'-arsonodiphenyl ether, prepared from p-chloro-p’-aminodiphenyl ether, formed 
colourless needles, m. p. 375° (Found: As, 22-8; equiv., 166. C,,H,O,CIAs requires As, 
22°8%; M, 328). Barium salt (Found: Ba, 29-6. C,,H,O,ClAsBa requires Ba, 29-6%). 

p-Phenoxyphenyldimethylarsine.—A solution of dimethyliodoarsine (38 g.) in ether (75 c.c.) 
was gradually stirred into a cooled Grignard solution, prepared from p-bromodipheny] ether 
(83 g.), magnesium (8 g.), and ether (300 c.c.). The mixture was boiled for 2 hours, again cooled, 
and treated with aqueous ammonium chloride. The ethereal solution was dried (sodium 
sulphate), the ether removed, and the residue fractionally distilled under reduced pressure. 
Finally, the arsine fraction was redistilled. p-Phenoxyphenyldimethylarsine (21 g.) is a colourless 
liquid, with an odour resembling pineapple, and has b. p. 189—190°/10 mm.; di’ 1-2690; 
ni” 1-6122; [Rz]p 75-09 (Found: C, 61-3; H, 5-5. C,,H,,OAs requires C, 61-3; H, 5-"™%). 
A convenient method for testing the purity of this and similar tertiary bases is to make a standard 
solution of the base in aqueous acetone and treat an aliquot portion with an excess of methyl 
iodide in a stoppered flask. After 24 hours, light petroleum is added, and the mixture extracted 
with water. The aqueous extract is titrated with standard silver nitrate solution with potassium 
chromate as indicator. In the present case, 5 c.c. of an M/20-solution of the arsine required 
10-05 c.c. of N/40-silver nitrate. 

The value of the atomic refractivity, [R,]p, of arsenic is 12-70, calculated by deducting the 
refractivities of two methyl groups and a phenoxyphenyl group (Eisenléhr, Z. physikal. Chem., 
1910, 75, 585); there is thus an optical exaltation due to the attachment of the phenoxyphenyl 
group to arsenic, since the mean value for arsenic in non-exaltative systems is 11-96 (Jones, J., 
1932, 2292). 

p-Phenoxyphenyltrimethylarsonium Iodide.——A 3% solution of the arsine in acetone was 
treated with an excess of methyl iodide. The crystalline precipitate which gradually separated 
was recrystallised from water, forming glistening leaflets, m. p. 240° (Found: I, 30-4. 
C,;H,,O1As requires I, 30-5%). The ethiodide was similarly obtained as leaflets; m. p. 237° 
(Found : I, 29-4. C,gH, OIAs requires I, 29-5%). 

p-Phenoxyphenyldimethylarsine di-iodide, m. p. 134° (Found : I, 48-6. C,,H,,OI1,As requires 
I, 48-1%), was obtained as a yellow precipitate when a solution of iodine in light petroleum was 
slowly added to a solution of the arsine in the same solvent. The solution of the di-iodide in 
water contains all the iodine in a form precipitatable as silver iodide. 

o-Phenoxyphenyldimethylarsine was obtained from the product of the reaction of o-phenoxy- 
phenyldichloroarsine and methylmagnesium iodide in ethereal solution. It had b. p. 206— 
207°/30 mm., but insufficient was available for a complete study. It was characterised by con- 
version into the methiodide, which formed glistening plates (from water), m. p. 229—230° 
(Found : I, 307%). 


TaTEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, July 1st, 1936.] 





264. The Kinetics of the Decomposition of the y-Bromobutyrate 
Ion in Neutral and in Alkaline Solution 


By E. F. CaALpin and J. H. WoLFENDEN. 


THE kinetics of the reaction 


CH,Br-CH,’CH,°COO’ —> Br’ + CH,CH,CH, . . . . (i) 
O=——---( 7) , 
which have not hitherto been examined, are peculiarly suitable for study by means of 


conductivity measurements, and we have made a short survey by this method of the 
kinetics both of this reaction and of the related hydrolysis in alkaline solution. 
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y-Bromobutyric acid was prepared by the series of reactions (see “‘ Organic Syntheses,”’ 
Coll. Vol. I., p. 425; Marvel and Tannenbaum, J. Amer. Chem. Soc., 1922, 44, 2645; Marvel 
and Birkhimer, ibid., 1929, 51, 260) : 

C,H,OH + Br-[CH,],*Br —> C,H,*O-[CH,],"Br “> C,H,O-[CH,],"CN => Br[CH,],°CO,H 
Since the acid is not stable in aqueous solution, the sodium salt was prepared fresh for each 
run by evaporating a known volume of a light petroleum solution of the acid and adding an 
equivalent amount (or any desired excess) of aqueous sodium hydroxide to the residue. The 
sensitive nature of the conductivity method is well illustrated by the fact that less than 0-8 g. 
of the acid was sufficient for some 50 runs. The change of conductivity was followed in a cell 
of 20 c.c. capacity, and the error in the conductivity measurements was of the order of 0-1—0-5% 
of the total conductivity change according to the concentrations used. 

The Decomposition in Neutral Solution.—Measurements were made with the sodium salt 
in neutral solution at concentrations ranging from 0-003 to 0-0065N, and at 25°, 18°, and 0°. 
The conductivity increased steadily to an asymptotic maximum, and analysis of the results 
by the Guggenheim method (Phil. Mag., 1926, 2, 538) gave reproducible and accurately 
unimolecular constants of 0-32,, 0-10), and 0-0041, min.-' (decadic logarithms) respectively. 
That the reaction involved is a straightforward irreversible lactonisation (1) is confirmed by the 
observations (a) that a colorimetric estimation of the pg of the solution at the end of all the 
runs at 25° and 0° showed it to be invariably neutral, (b) that the final bromide titre corresponded 
to the bromine content of the original acid. 


The plot of log & against 1/T is a straight line and leads to an apparent heat of activation 
of 28,000 cals. When log (k/viscosity) is plotted against 1/T (see Moelwyn-Hughes, 
“‘ Kinetics of Reactions in Solution,’’ Chap. VI), the slope gives a value of 32,500 cals. for 
the heat of activation corrected for the temperature coefficient of the collision frequency. 
The rate of reaction is more than 10® times greater than that corresponding to the number 
of collisions between the y-bromobutyrate ion and the solvent with this heat of activation 
(idem, ibid.). This suggests that we are dealing with a truly unimolecular reaction rather 
than a pseudo-unimolecular reaction involving the solvent, and the observed rate of 
reaction can be accounted for by postulating at least seven internal degrees of freedom. 
It seems likely that the rate of lactonisation is determined by the unimolecular ionisation 
of bromide ion, and that 32,500 cals. corresponds to the activation energy of the ionisation 
process. Such an ionisation mechanism is not common, but it has been recently used by 
Hughes (J., 1935, 255; cf. refs. given by Ogg and Polanyi, Trans. Faraday Soc., 1935, 
31, 604) to interpret the rate of hydrolysis of ¢ert.-butyl chloride; the apparent heat of 
activation which Hughes records (23,060 cals.) may be compared with our own value. 
If the mechanism we have suggested is correct, it is to be contrasted with that of the 
acid-catalysed lactonisation of y-hydroxyvaleric acid (Garrett and Lewis, J. Amer. Chem. 
Soc., 1923, 45, 1091). 

The Decomposition in Alkaline Solution.—In alkaline solutions containing up to about 1 
equiv. of sodium hydroxide, the change of conductivity with time follows a more complicated 
course. At 25°, the conductivity rises sharply to a maximum, followed by a slow decline to an 
asymptotic value, at a rate increasing with the hydroxyl-ion concentration; at 0°, the initial 
peak is not observed, except in solutions containing a relatively small excess of alkali, and the 
conductivity falls steadily to an asymptotic value. These observations suggest that the process 
(1) is followed by 


GCC 


+ OH’ —> HO’CH,°CH,°CH,°CO, . . . . (2) 
O 

the absence of the peak at the lower temperature corresponding to the smaller heat of activation 
(and lower temperature coefficient) of the bimolecular reaction. This hypothesis is borne out 
by the following further observations : (a) the bromide titre of the final solution corresponded 
to the bromine content of the original acid, (b) the irreversibility of the second reaction was 
established by colorimetric pg measurements of the final solution, (c) a somewhat laborious 
approximate mathematical analysis of the runs at 25° (for which we are indebted to Mr. W. 
Barrett) yielded linear plots of certain functions which should be linear on the above reaction 
scheme. The analysis also yielded values of the two velocity constants which, although subject 
to various uncertainties, agreed to within 50% with the accurate independent values for 
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reaction (1) derived from the lactonisation experiments in neutral solution and with those for 
reaction (2) derived from the results described in the next paragraph. The contrast between 
the stability of the y-hydroxybutyrate ion in neutral solution and the rapid hydrolysis of the 
y-bromobutyrate ion under the same conditions is in accordance with the known polar 
characteristics of the two substituent groups, since the elimination of a negative ion is involved. 

In order to provide further confirmation of the reaction scheme and to evaluate the 
bimolecular constant more accurately than is possible by analysis of the composite curve, 
y-butyrolactone was prepared (from glutaric acid), and its rate of reaction with 1 equiv. of 
sodium hydroxide was measured in the conductivity apparatus. By a method of analysis 
which did not involve the initial conductivity reading, the curves were shown to be bimolecular, 
and yielded velocity constants of 37-2 and 13-8 1./mol.-min. at 25° and 0°, respectively. ‘ The 
conductivity curves for this reaction were identical with those obtained by allowing a solution 
of sodium y-bromobutyrate of the same concentration to lactonise completely and then adding 
1 equiv. of sodium hydroxide. This identity of the conductivity curves establishes the lactone 
as a true intermediate compound in the alkaline decomposition, and affords further proof of 
the simplicity and completeness of the lactonisation reaction in neutral solution ; it also provides 
a useful confirmation of the purity of the acid and lactone used. 


The temperature coefficient of the bimolecular reaction between lactone and hydroxyl 
ion leads to a heat of activation of 6,450 cals. and a “‘ P-factor”’ of 10-7. Such a low 
value for the P-factor of a reaction between an ion and a molecule is unusual but not 
without precedent (Moelwyn-Hughes, of. cit., p. 218). 


SUMMARY. 


(1) The decomposition of sodium y-bromobutyrate in neutral solution and in the 
presence of sodium hydroxide has been studied by conductivity measurements. 

(2) In neutral solution, lactonisation takes place by a unimolecular ionisation 
mechanism with a heat of activation of 32,500 cals. 

(3) In alkaline solution, the lactonisation is followed by a bimolecular reaction of the 
lactone with hydroxy] ion, having a heat of activation of 6,450 cals. and a P-factor of 1077. 


PuysicAL CHEMISTRY LABORATORY, 
BALLIOL COLLEGE AND TRINITY COLLEGE, OXFORD. (Received, July 13th, 1936.} 





265. The Chemistry of Insects. Part III. The Wax of Psylla buxi. 
By B. K. BLount. 


THE insect Psylla buxi Réaum. flourishes during summer on the shoots of box bushes. 
It secretes rather characteristic curved filaments of waxy material, the purpose of which 
is not obvious; they are very light, and are soon dispersed by wind and weather, but it 
has been possible to collect sufficient (0-15 g.) of the wax for the determination of its nature. 

On hydrolysis the wax gave equal amounts of acid and alcohol. The former melted 
at 92-7°,* and gave an ethyl ester of m. p. 68-8°. From the latter m. p., by making use of 
the data of Piper, Chibnall, and Williams (Biochem. J., 1934, 28, 2175), it is possible to 
deduce a mean chain length for the acid of about 29-9. Such a mean chain length would 
be provided by a mixture of 95% of the Cyq acid with 5% of the C,, compound; and 
reference to the mixed m. p. curves of those authors shows that such a mixture melts at 
93-0°. 

The alcoholic half melted at 86-2°, and gave an acetate of m. p. 68-7°, In this case 
also the mean chain length appears to be about 29-9, and the mixed m. p. curve shows 
that a mixture of 95% of the Cyg alcohol with 5% of the C,, compound melts at 86-2°. 
Further confirmation was obtained by oxidising the alcohol to the corresponding acid, 
which melted at 92-5°. This also demonstrates clearly that the wax contained no 
appreciable quantity of paraffin. : 

The wax excreted by Psylla buxi Réaum., therefore, consists of an ester of equivalent 
amounts of the Cp acid and alcohol, containing each about 5% of the C,, compound. It 

* The temperatures given are those at which the substances became completely molten. The | 
temperature range between softening and clearing was. never more than 0°5°, and generally less. 
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differs from most insect waxes in being almost a pure substance, and in containing very 
little or no paraffin. 


Isolation of the Wax.—A mixture of wax and insects was shaken off the box shoots into a 
basin. The wax was isolated by boiling the mixture with chloroform, filtering hot, evaporating 
to a small volume, and adding alcohol. The resulting brownish wax was crystallised twice 
from chloroform-alcohol, charcoal being used in the first crystallisation, and then formed 
colourless scales, m. p. 89-6—90-1° (Found: C, 82-5; H, 13-9. Calc. for Cgg5H,.,0,: C, 82-6; 
H, 13-9%). 

Hydrolysis of the Wax.—The wax (100 mg.) was hydrolysed essentially by the method 
previously described (Part I, J., 1935, 391), but with two modifications. Benzene was added 
to the hydrolysis mixture on account of the sparing solubility both of the wax and of the alcohol 
produced, and the second hydrolysis (with sodium ethoxide) was omitted. The results appear 
to justify the omission. 

The acid (45 mg.) crystallised from acetic acid in colourless plates. The alcohol (45 mg.) 
was readily freed from traces of calcium soaps by recrystallisation from benzene (charcoal), 
and formed colourless plates. Oxidation of the alcohol (18 mg.) in hot acetic acid solution with 
the theoretical amount of chromium trioxide gave an acid which, after purification through the 
calcium salt, melted at 92-5°. 


The author thanks the Royal Commissioners for the Exhibition of 1851 for a Senior 
Studentship. 
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266. The Interaction of Arylsulphonylphenylhydrazines with Bromine. 
By FRANK BELL. 


ALTHOUGH phenylhydrazine is converted by the action of bromine in alcoholic or acetic 
acid solution into benzenediazonium bromide (Chattaway, J., 1908, 93, 852), acetylphenyl- 
hydrazine undergoes substitution to give progressively the 4-bromo- and then the 
2 : 4-dibromo-derivative (Humphries and Evans, J., 1925, 127, 1676). The interaction 
of arylsulphonylphenylhydrazines with bromine has now been examined under various 
conditions. 

Both benzene- and p-toluene-sulphonylphenylhydrazines are sparingly soluble in cold 
solvents, and therefore bromination was first attempted in boiling chloroform suspension. 
In both cases a poor yield of the corresponding 2 : 4-dibromo-derivative was obtained. 
Use of warm acetic acid as solvent led to still smaller yields. In cold pyridine, oxidation 
and not bromination occurred, resulting in the production of the corresponding diazonium 
compounds. 

Benzene- and _ p-toluene-sulphonyl-4-bromophenylhydrazines, from 4-bromophenyl- 
hydrazine, showed a similar behaviour on bromination, the corresponding 2 : 4-dibromo- 
derivatives being produced in chloroform, and the diazonium sulphinates in pyridine. 


EXPERIMENTAL. 


Experiments with p-T oluenesulphonylphenylhydrazine.—(a) 8 G. suspended in hot chloroform 
were treated with bromine (5 g.) in chloroform. The mixture was filtered hot from the solid 
(A), and the filtrate evaporated to dryness. The residue after crystallisation from alcohol 
gave needles (1-8 g.) of p-toluenesulphonyl-2 : 4-dibromophenylhydrazine, m. p. 166° (Found : 
C, 37-1; H, 2-8. (C,sH,,0,N,Br,S requires C, 37-1; Hy 2-9%). By treatment of a pyridine 
solution with bromine, this compound gave 2 : 4-dibromobenzenediazonium p-toluenesulphinate, 
which crystallised from alcohol in yellow needles, decomp. 128° (Found: C, 37-3; H, 2-3. 
C,3H,0,N,Br,S requires C, 37-8; H, 2-4%), and was alternatively prepared by the addition 
of diazotised 2 : 4-dibromoaniline to an alkaline solution of sodium p-toluenesulphinate. The 
2: 4-dibromoaniline was obtained as follows. 2: 4-Dibromobenzenesulphonanilide (Found: 
N, 3-7. C,gH,O,NBr,S requires N, 3-6%), needles, m. p. 128°, from alcohol, was obtained 
in poor yield by the bromination of 4-bromobenzenesulphonanilide in chloroform solution, 
and dissolved in cold sulphuric acid. Much 2: 4: 6-tribromoaniline was obtained as by-product. 





Arylsulphonylphenylhydrazines with Bromine. 1243 


Crop (A), above, recrystallised from alcohol, gave plates (1 g.), m. p. 212°, of 4-bromophenyl- 
hydrazine p-toluenesulphonate (Found: C, 43-6; H, 4-2. C,;H,,;0,;N,BrS requires C, 43-4; 
H, 4:2%), converted by trituration with ammonium hydroxide into 4-bromophenylhydrazine 
and by bromine in pyridine into 4: 4’-dibromoazobenzene. The latter was compared with a 
sample prepared by the distillation of 4 : 4’-dibromoazoxybenzene with iron filings. 

(b) Bromine (2-5 g.) was added slowly to 4 g. of »-toluenesulphonylphenylhydrazine in 
pyridine, the mixture kept for 1 hour, and poured into water. The resultant yellow gum was 
recrystallised first from warm acetic acid and then from alcohol, yielding benzenediazonium 
p-toluenesulphinate in long yellow needles, decomp. 93° (Found: N, 10-7. C,s3H,,0,N,S 
requires N, 10-8%). This was very readily obtained by oxidation of the hydrazine in hot 
chloroform suspension with mercuric oxide. 

(c) Bromine (4 c.c.) was added slowly to 20 g. of p-toluenesulphonylphenylhydrazine in 
pyridine (25 c.c.), the mixture kept for 2 days, and poured into water. The precipitated dark 
brown viscous mass was separated and added to warm alcohol. On cooling, di-p-toluene- 
sulphonylphenylhydrazine separated; after recrystallisation from alcohol or acetic acid it gave 
colourless glistening needles, m. p. 194° (Found: C, 57-4; H, 4:9; N, 7-0. C, 9H,,O,N,5, 
requires C, 57-7; H, 4:8; N, 6-7%). The yield was variable, but five such experiments gave a 
total yield of 10-5 g. This compound is rather soluble in chloroform, and was recovered 
unchanged after treatment with mercuric oxide in this solvent; it did not react with bromine 
in boiling carbon tetrachloride or cold pyridine, and crystallised out unchanged after heating 
in alcoholic hydrogen chloride for 1 hour. 4 G. were rapidly dissolved in 4 c.c. of cold 
concentrated sulphuric acid, and the solution was poured into water, giving a precipitate of 
crude phenylhydrazine sulphate. This was dissolved in alcohol containing the appropriate 
quantity of potassium acetate, and the filtered solution used for the preparation of the phenyl- 
hydrazones of benzaldehyde and anisaldehyde. Fission of the di-p-toluenesulphonyl] derivative 
with piperidine was tried under various conditions, but in only one experiment was any solid 
material isolated. Piperidine (3 c.c.) was added to 3-5 g. and the resultant deep red solution, 
which was slowly evolving nitrogen, left over-night. About 10 c.c. of water were then added, 
and the black sticky precipitate was separated and dissolved in alcohol. On cooling, p-toluene- 
sulphonylhydrazine separated; recrystallisation from alcohol gave 0-25 g. of pure material. 
The mode of origin of the di-p-toluenesulphonyl] derivative is still obscure. It could not be 
present in the initial material as.impurity for two reasons. (i) 10 G. of the initial material were 
extracted with cold chloroform; the extract on evaporation furnished 1 g. of highly crystalline 
material of unchanged decomposition point. (ii) ~-Toluenesulphonylphenylhydrazine did not 
react with p-toluenesulphonyl chloride in pyridine or in warm aqueous sodium carbonate, 
showing that there is little tendency for direct combination to occur. 

Benzenediazonium p-toluenesulphinate was recovered unchanged after standing in pyridine 
solution over-night, but after $ hour’s boiling in alcohol or after addition of bromine to the 
solution in pyridine, it was so completely decomposed that no crystalline material could be 
isolated. It did not react with either p-toluenesulphonyl chloride or p-toluenesulphinic acid 
in pyridine solution. 

Interaction of 4-bromophenylhydrazine with p-toluenesulphony] chloride in pyridine solution 
gave mainly p-toluenesulphonyl-4-bromophenylhydrazine, needles, m. p. 144° (Found: C, 45-7; 
H, 3-8. C,3H,;0,N,BrS requires C, 45-7; H, 3-8%), fairly soluble in hot benzene, and some 
4-bromophenylhydrazine p-toluenesulphonate, almost insoluble in benzene. »-Toluenesulphonyl- 
4-bromophenylhydrazine (3 g.) with bromine in pyridine for 1 hour gave on decomposition 
with water 4-bromobenzenediazonium p-toluenesulphinate (1-6 g. of purified material). This 
was alternatively prepared by the oxidation of the hydrazine in chloroform solution with 
mercuric oxide or by the addition of diazotised p-bromoaniline to alkaline sodium p-toluene- 
sulphinate ; it crystallised from alcohol in bright yellow needles, decomp. 124° (Found : C, 46-0; 
H, 3-3. CysH,,O,N,BrS requires C, 46-0; H, 3-3%). The diazonium sulphinate underwent 
decomposition on boiling in alcoholic solution for some time, and on cooling 4 : 4'-dibromoazo- 
benzene (0-1 g. from 1-8 g.) crystallised out (compare Hantzsch and Blagden, Ber., 1900, 38, 
2556, for the formation of azo-compounds in about 10% yield by the decomposition of diazo- 
compounds). 4-Bromobenzenediazonium #-toluenesulphinate was reconverted into the 
hydrazine by treatment with zinc dust in acetic acid solution or by sulphur dioxide in alcohol. 
With bromine in chloroform it gave an immediate crystalline deposit of the diazonium 
perbromide, decomposed by warm ethyl alcohol to give p-dibromobenzene. 

p-Toluenesulphonyl-4-bromophenylhydrazine with bromine (1 mol.) in chloroform gave the 
2 : 4-dibromo-derivative (above). 
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Experiments with Benzenesulphonylphenylhydrazine.—(a) On addition of bromine (6-5 g.) 
in chloroform (6 c.c.) to 10 g. suspended in boiling chloroform (100 c.c.) a deep red colour 
developed. After $ hr. the mixture was filtered from a deposit (4 g.) of hydrobromide, which 
after solution in alcohol gave needle crystals, m. p. 177°, of benzenesulphonyl-2 : 4-dibromo- 
phenylhydrazine (Found: C, 35-6; H, 2-6. C,,H,.0O,N,Br,S requires C, 35-5; H,2°5%). The 
chloroform mother-liquor furnished further small crops of the same material. It was converted 
by the action of bromine in pyridine or by mercuric oxide in chloroform into 2: 4-dibromo- 
benzenediazonium sulphinate, orange-yellow needles, decomp. 98° (Found: C, 35-6; H, 2-0. 
C,,H,O,N,Br,S requires C, 35-6; H, 2-0%). 

(b) Interaction with bromine in pyridine was tried under a variety of conditions (con- 
centration, length of standing, decomposition with water or acids) but in each case a dark oil 
was isolated from which no crystalline material could be obtained. This failure is attributed 
to the fact that this diazonium sulphinate has a lower m. p. than any of the others studied, 
rather than to any difference in the nature of the reaction. 

4-Bromophenylhydrazine with benzenesulphonyl chloride in pyridine gave a product of 
highly indefinite m. p., from which, by repeated crystallisation, pure benzenesulphonyl-4- 
bromophenylhydrazine was obtained in needles, m. p. 140° (Found: C, 444; H, 3-4. 
C,,H,,0O,N,BrS requires C, 44-0; H, 34%). By bromine in pyridine or by mercuric oxide 
in chloroform it was converted into 4-bromobenzenediazonium benzenesulphinate, identical 
with an authentic specimen (Hantzsch and Singer, Ber., 1897, 30, 314). These authors describe 
also the reduction, by zinc dust in acetic acid, of this compound to give a benzenesulphony]l-4- 
bromophenylhydrazine of m. p. 162°, although the result is not supported by analytical data. 
Attempts to repeat this experiment failed, only zinc benzenesulphinate being isolated in every 
case. This formed shining plates, decomp. 205°, difficultly soluble in alcohol but readily 
recrystallised from acetic acid (Found: C, 37-5; H, 3-75; residue, 20-5. Calc.: C, 37-6; H, 3-7; 
ZnO, 21-2%) (compare Schiller and Otto, Ber., 1876, 9, 1586). 4-Bromobenzenediazonium 
benzenesulphinate was decomposed by boiling with alcohol for $ hour, and on cooling, 4: 4’- 
dibromoazobenzene crystallised out (0-1 g. from 2 g.). 

Benzenesulphony]l-4-bromophenylhydrazine with the calculated quantity of bromine in 
chloroform gave the 2 : 4-dibromo-derivative (above). 


The analyses were carried out by Dr. A. Schoeller of Berlin. 
MUNICIPAL TECHNICAL COLLEGE, BLACKBURN. (Received, April 4th, 1936.] 





NOTE. 


Pyrolysis of Chlorophenols. By F. BELL. 


WHEN o- or p-chlorophenol is distilled in quantity, some decomposition occurs. The extent of 
decomposition in glass apparatus is so slight that there appeared little chance of isolating the 
products. To increase the decomposition, the chlorophenol was passed several times through 
pumice in a silica tube heated to dull redness. o-Chlorophenol then gave a small yield 
of compounds, b. p. 180—340°. It was not possible to isolate any pure individual from the 
phenolic part of this distillate, but diphenylene dioxide (I), m. p. 119°, was readily isolated from 
the neutral portion. This was characterised by nitration: to 2 g. in acetic acid (20 c.c.) was 


Cl Cl 


added fuming nitric acid (2 c.c.) in acetic acid (4 c.c.); the liquid immediately filled with the 
dinitro-compound, very difficultly soluble in acetic acid but recrystallising from pyridine in 
needles, m. p. 257° (Found : N, 10-4. C,,H,O,N, requires N, 10-2%). -Chlorophenol similarly 
gave a semi-solid distillate, b. p. 220—250°, and a neutral solid above 250°. The latter was very 
difficultly soluble in alcohol but recrystallised from acetic acid, benzene, or light petroleum in 
needles, m. p. 188°, of 3 : 6-dichlorodiphenylene oxide (II) (McCombie, Macmillan, and Scar- 
borough, J., 1931, 535). From the semi-solid distillate was isolated a small quantity of a 
phenolic substance which crystallised from benzene-petroleum in needles, m. p. 83° (Found : 
C, 65-2; H, 4:1. C,,H,O,Cl requires C, 65-3; H, 4-1%).—Tecunicat CoLLecE, BLACKBURN. 
[Received, Juhe 23rd, 1936.) ’ 
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267. Studies on Hydrogen Cyanide. Part VIII. The Conductivity of 
Electrolytes in Anhydrous Hydrogen Cyanide. Some Uni-univalent 


Salts at 18°. 
By J. E. Coates and E. G. TAyLor. 


As a general principle, the Nernst-Thomson rule, which relates the dissociating power 
of a. medium and its dielectric constant, is fairly well obeyed, although the chemical nature 
of both solute and solvent must be taken into account to explain apparent anomalies. 
Qwing to its high dissociating power, water has so far held a unique position among the 
great variety of solvents in which the Debye-Hiickel-Onsager theory has been tested. 
Hydrogen cyanide is a medium of markedly different chemical type from water and has 
amuch higher dielectric constant. In view of its relatively high dipole moment (2-5 x 10-18 
es.u.; Lutgert, Z. phystkal. Chem., 1931, 14, B, 27) and of the fact that selvates with 
inorganic salts are known (unpublished work in this laboratory) it is to be expected that, 
as in water, the ions are surrounded by a somewhat closely attached sheath of oriented 
solvent molecules. Further evidence of the existence of this solvent sheath is given by 
work on the “ salting-in ” of hydrogen cyanide by various salts (Gross, Schwarz, and Iser, 
Monatsh., 1930, 55, 287, 329). The high dielectric constant and ion solvation lead to the 
expectation that hydrogen cyanide will be at least as powerful a dissociating medium as 
water. A study of conductivity in this solvent appeared, therefore, to be of much interest 
in relation, not only to the physical theory, but also to the chemical nature of hydrogen 
cyanide. It may be expected that the dilution range in which the limiting equation of the 
Debye-Hiickel-Onsager theory is obeyed will be more readily attainable than is the case 
for many non-aqueous solvents. 

Previous work on solutions of electrolytes in hydrogen cyanide includes measurements 
of freezing points, solubility, and conductivity. Lespieau (Compt. rend., 1905,,140, 855) 
showed from f.-p. measurements that potassium iodide and. nitrate are almost. completely 
dissociated, and recent measurements of f. p. in this laboratory (unpublished) have led to 
the same conclusion for potassium bromide and iodide and lithium chloride. _Centnerszwer 
(Z. physikal. Chem., 1901, 39, 217) measured the conductivities of potassium iodide and tri- 
methylsulphonium iodide at 0° over the concentration range 0-1—0-001N (approx.). His 
data show that potassium iodide is extensively dissociated even in 0-1N-solution. The 
equivalent conductivities found by Centnerszwer were nearly four times as great as those 
in water. Kahlenberg and Schlundt (J. Physical Chem., 1902, 6, 447) studied the con- 
ductivities of a large number of inorganic and organic substances at 0° but, again, few 
measurements were made at concentrations less than 0-00LN and the work is of qualitative 
interest only. Fredenhagen and Dahmlos (Z. anorg. Chem., 1929, 179, 77) determined 
some conductivities in hydrogen cyanide but very few observations were. made in the 
dilute region and no reliance can be placed on them. They concluded, that, hydrogen 
eyanide is a poor dissociating medium. Walden (Z. phystkal. Chem., 1930, 147, A, 1) 
refers to the work of Fredenhagen and others, and takes the view that, owing to the 
possibilities of tautomerism and polymerism, hydrogen cyanide is not a suitable solvent 
for testing the general validity of the Nernst-Thomson rule. Falkenhagen. (‘‘ Electro- 
lytes,” translated by Bell, 1934, 78) states that “‘ although the dielectric constant of hydro- 
gen cyanide is 95, salts in hydrogen cyanide are bad conductors.”’ On the other hand, 
many statements occur in the literature in which, on purely’theoretical grounds, hydrogen 
cyanide is considered to be an excellent ionising medium (e.g., Walden, ‘‘ Elektrochemie 
nichtwassriger Lésungen,’”’ 1924, 49; discussion on a paper by Bredig and Teichmann, 
Z. Elektrochem., 1925, 8, 449). This view is taken.mainly because of its high dielectric 
constant and of its apparent similarity to water, in that it has been shown to be an associated 
liquid with an ‘‘ association factor’ approximately equal to 2 (Bredig and Teichmann, 
loc. cit.; Werner, Z. physikal. Chem., 1929, 4, B, 71). 

A systematic study of electrolytes dissolved in hydrogen cyanide has been undertaken 
in this laboratory. ~The present communication deals with the equivalent conductivities 
of a number of uni-univalent.salts,at 18°,over the concentration range 0-002—0-000LN. 

4L 
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EXPERIMENTAL. 


The Bridge Assembly.—The direct-reading A.C. Wheatstone bridge was built on the lines 
laid down by Shedlovsky (J. Amer. Chem. Soc., 1930, 52, 1793) and Jones and Josephs (ibid., 
1928, 50, 1049). The variable non-inductive resistance box (by Tinsley) was of the dial decade 
type reading up to 11,111-0 ohms and was calibrated at the N.P.L. Resistances higher than 
the above value were measured by using another calibrated resistance of 10,000 ohms as a shunt 
across the cell terminals. The current generator was a thermionic valve oscillator of variable 
frequency, and the detector consisted of a pair of telephones connected through a two-valve 
radio amplifier to the bridge circuit. A frequency of 1000 cycles per second was used throughout 
the measurements, and no resistance value less than about 400 ohms was taken into account. 

Temperature Control.—High-grade transformer oil was used as the thermostat liquid. A 
mercury-toluene electrical thermoregulator controlled the heater. Cooling was effected by 
passing a regulated stream of cold water through a lead pipe immersed in the bath. With 
efficient stirring a temperature of 18-00° (+ 0-01°) was easily maintained. In order to prevent 
condensation into the cap of the cell, the temperature of the air immediately above the thermo- 
stat was kept just above 18° by radiation from an electric lamp. 

The Conductivity Cells —The cells were of the Hartley—Barrett type (J., 1913, 103, 786) 
and were constructed of Jena 16!!! glass. In some of the earlier measurements, cells made of 
Pyrex glass were used, but no difference in the result was observed. The ground joints were 
secured by means of strong steel springs between glass hooks fused into the appropriate parts of 
the cell. 

The effect of different electrode surfaces was investigated. It was found that bright platinum 
electrodes (about 1 cm.” in area and about 1 cm. apart) introduced strong polarisation effects with 
solutions of potassium chloride in hydrogen cyanide at resistances for which the polarisation with 
potassium chloride in water was negligible. In detecting the presence of polarisation errors, 
the change of resistance with increasing frequency was taken as a criterion. Even the use of 
grey platinised electrodes of similar dimensions and spacing did not avoid appreciable polaris- 
ation errors. Finally, black platinised electrodes were found to be suitable. The electrodes 
(about 1 cm.? in area and about 1-5—2-0 cm. apart) were platinised with the usual “‘ platinum 
chloride ’’ solution containing a trace of lead acetate. To minimise any possible error due to 
adsorption, the degree of platinisation was only just sufficient to eliminate polarisation. That 
adsorption errors were absent may be inferred from the fact that a large increase in the degree 
of platinisation led to no change in the value of the equivalent conductivity, and further, a seven- 
fold increase in the actual electrode area was without effect on the results for potassium chloride. 
No change of resistance with time was encountered in any of the solutions examined, indicating 
negligible catalytic effect of the platinum. 

The electrodes were fixed relatively to each other by means of glass struts between them or 
by sealing them directly to the electrode lead tubes. A small bottle-shaped cell of the Kohl- 
rausch type was used for testing the conductivity of the solvent during its fractionation. 

Cleaning and Drying of the Apparaius.—The glass ware and conductivity cells were soaked 
in warm chromic-sulphuric acid mixture, washed well with distilled water, steamed, washed 
again with conductivity water, and finally with redistilled absolute alcohol. Drying was 
effected by leaving in a hot air- or steam-oven and afterwards cooling in a stream of pure dry 
air or in a vacuum over phosphoric oxide. Although pure hydrogen cyanide readily darkens 
when placed in ordinary glass containers, this did not occur when the glass had been treated in 
the above manner. 

Measurement of the Cell Constants.—The cell constants were measured at 18° by the method of 
Frazer and Hartley (Proc. Roy. Soc., 1925, A, 109, 355) and also by means of the 0-01 D solution 
prepared according to the directions of Jones and Bradshaw (J. Amer. Chem. Soc., 1933, 55, 
1780). In the first of these methods small weights of a relatively concentrated stock solution 
of potassium chloride were added, successively, to a known weight of pure solvent in the cell. 
The concentrations employed were such that the cell constant was measured over the same range 
of resistances as used in the experiments with hydrogen cyanide. The water was obtained from 
a Hartley still and had a specific conductivity of 1—2 x 10-* mho at 18°. In order to calculate 
the equivalent conductivity at each concentration, the following equations were used : 


A, = 129-91 — 80-75/C (Frazer and Hartley, Joc. cit.). 
A. = 130-04 — 61-26C°*? (Ferguson and Vogel, Phil. Mag., 1925, 50, 971). 


The first equation is applicable only up to a concentration of about 0-002N, while the latter can 
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be used for the range 0-0001—0-01N. Both equations led to practically the same values for the 
cell constants. 

For the preparation of the 0-01 D solution, a suitable amount of potassium chloride was 
weighed out into a litre flask and the calculated amount of conductivity water added. The 
values of the constants obtained by both methods agreed well (within 0-1%). The constant of 
the small bottle cell was determined by intercomparison with another cell of known constant, 
both cells being filled with a dilute solution of potassium chloride. Eight different cells of the 
Hartley—Barrett type were used in the course of the work; the cell constants varied between 
0-25 and 0-34. The constant of the small cell was 0-01579 at 18°. 

Purification of Hydrogen Cyanide.—The starting material for the preparation of the pure 
anhydrous solvent was the crude liquid manufactured for fumigation purposes. The purification 
at first consisted in repeated fractional distillation over phosphoric oxide (free from lower oxides), 
a 3’ column of the point type being used. The distillate was collected in a 2-litre flask, protected 
from the atmosphere, from which it could be pumped. The large middle fraction was collected 
each time, and finally a liquid was obtained of b. p. 25-7°/760 mm. and f. p. — 13-35°. Coates, 
Hinkel, and Angel (J., 1928, 540) found b. p. 25-7°/760 mm., and Coates and Hartshorne (J., 
1931, 657) found f. p. — 13-3°. The addition of phosphoric oxide to the pure anhydrous acid, 
thus obtained, caused no apparent change; the oxide gradually settled out in a powdery form, 
leaving a perfectly colourless liquid. 

The specific conductivity of the distillate so obtained was never much below 5 x 10-7 mho 
at 18°. Fractionation was carried out with surface evaporation only and no ebullition; a good 
reflux ratio was maintained, and the rate of distillation was about 1 drop per sec. The residue 
from the evaporation of about 100 c.c. was minute, but it gave the molybdate test for phosphate. 
It may be noted that Walden and Birr (Z. physikal. Chem., 1929, 154, A, 273) made similar 
observations in the case of acetonitrile. However, fractionation of the solvent, as obtained 
above, without any addition gave a distillate of much lower conductivity. The lowest value 
recorded was 1-6 x 10-7? mho. Finally, except for the preliminary purification of the crude 
liquid, the use of phosphoric oxide was abandoned, and anhydrous magnesium perchlorate was 
successfully used as a dehydrating agent. Solvent of low specific conductivity was always 
obtained; in one instance it was as low as 0-9 x 10-7 mho. Values of the specific conductivity 
(x 10’) of hydrogen cyanide reported by other workers (all at 0°) are: 52 (Centnerszwer, Joc. 
cit.); 50 (Kahlenberg and Schlundt, Joc. cit.); 100 (Gomberg and Sullivan, J. Amer. Chem. Soc., 
1922, 44, 1810); 4-5 (Bredig, Z. angew. Chem., 1923, 36, 456); 6-0 (Fredenhagen and Dahmlos, 
loc. cit.). The solvent was recovered unchanged from the salt solutions by fractionation, and 
a further fractionation over magnesium perchlorate yielded the pure anhydrous acid ready for 
new conductivity measurements. 

Density and Viscosity.—With a pyknometer of about 50 c.c. capacity, hydrogen cyanide 
was found to have dj®* 0-6899,, in agreement with a value of 0-6900, found by Coates and 
Hartshorne (loc. cit.). The densities of approximately 0-02N-solutions of lithium and sodium 
iodides indicated negligible electrostriction, even at this high concentration. The density of 
all solutions may therefore be taken as equal to that of the pure solvent. 

Fredenhagen and Dahmlos (/oc. cit.) determined the viscosity 7 of hydrogen cyanide over a 
wide range of temperature, and interpolation of their »-T plot gave a value of 0-00206 at 18°. 
Some unpublished work in this laboratory had indicated a much lower value. An accurate 
determination of this constant was therefore made at 18°. A quartz viscometer similar to 
that described by Washburn and Williams (J. Amer. Chem. Soc., 1913, 35, 737) was used. The 
hydrogen cyanide was never allowed to come into contact with the atmosphere. Its time of 
flow was about 128 secs., and the stop-clock could be read to 0-2 sec. Two independent deter- 
minations agreed, giving a value of 0-001986 C.G.S. unit for the viscosity of hydrogen cyanide 
at 18-00° (+ 0-02°), that of water being taken as 0-01056 (I.C.T., 1929, 5, 10). 

Preparation of the Salt Solutions.—The salt solutions were made up according to the weight 
dilution method (Whetham, Phil. Trans., 1900, 194, 321) as used in the cell-constant measure- 
ments, special precautions being taken to avoid inaccuracy due to the high volatility of hydrogen 
cyanide. 

The stock solutions were made by weighing out a suitable quantity of the salt (0-1—0-3 g.) 
into a special weight pipette and adding hydrogen cyanide. The weight pipette, of the form 
shown in Fig. 1, was made of Pyrex glass and had a capacity of about 100 c.c. The taps and 
joints were finely ground and lubricated with vaselin which had been extracted repeatedly with 
boiling water and subsequently with hydrogen cyanide. The introduction of deliquescent and 
hygroscopic salts into the pipettes involved the following procedure. The carefully dried salt 
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was finely powdered in an agate mortar, a suitable weight quickly transferred to a small Pyrex- 
glass weighing bottle (fitted with a ground-glass cap) and the process of drying repeated. After 
cooling, the cap was quickly replaced and the whole weighed. The salt was then tipped into 
the weighed pipette through the tube A (in all transferences into the weight pipette and the cell, 
contact with the air was prevented by means of a stream of pure dry nitrogen). Hydrogen 
cyanide was pumped over into the pipette from the stock flask by means of a pressure of dry 
nitrogen. Both the cap of the weighing bottle and that of the pipette were replaced as quickly 
as possible after each operation, and in each case the whole was weighed. Hydrogen cyanide 
was also pumped into the tared cell and the whole weighed. After the conductivity of the pure 
solvent had been measured, the cell was removed from the thermostat and placed in ice-cold 
transformer oil until the internal pressure was a little less than atmospheric, as shown by a small 
capillary manometer, attached to the side arm of the cell. An addition of the stock salt solution 
was then made from the pipette while a slow stream of pure dry nitrogen, saturated with hydro- 
gen cyanide vapour, was passed through the cell. The long capillary tube (7) of the pipette was 
inserted into the cell, and the required quantity of salt solution pumped in. This operation, 
the incidental removal and subsequent replacement of caps, and the movements of the various 
stopcocks were made rapidly so as to reduce to a minimum errors due to evaporation and 
n't atmospheric contamination. About 4 or 5 additions were 
it made in each run. Not less than about 10 g. of solution 
fins A were added each time. Experiment showed that the above 
procedure was successful in avoiding any appreciable loss 
due to evaporation. The gain in weight of the cell was 
TF found to be practically equal (within 0-1%) to the loss in 

weight of the pipette after 5 additions. 

For each salt at least two independent runs were carried 
out, different cells and different samples of the solvent 
being used, and also samples of the salt obtained by 
different methods. In the latter case different solvents 

were used in the recrystallisation, or the gamples of salt 
were obtained by different numbers of recrystallisations 
from the same solvent. In this way the absolute accuracy 
of the measurements was ensured. 

Calibration.—All weights and thermometers were cali- 
brated against those bearing N.P.L. certificates. All glass 
apparatus used in the volumetric analysis was calibrated in 
the usual way. 

Purification of the Salts.—All materials used were of the 
purest quality obtainable. 

Lithium Salts.—Lithium carbonate was extracted several times with boiling water to remove 
traces of other alkali-metal carbonates and then used in the preparation of the chloride, bromide, 
iodide, and nitrate by neutralisation with the corresponding acids. Lithium chloride was 
recrystallised from hydrochloric acid in an atmosphere of pure hydrogen chloride. The bromide, 
iodide, and nitrate were recrystallised from water in the usual way. In all recrystallisations, 
the crystals were freed from adhering mother-liquor by suction on glass filter discs. Except 
for the iodide, dehydration was carried out by heating in a vacuum to 110—120° over phosphoric 
oxide. The crystals of the iodide (slightly tinged with iodine) were allowed to stand in a vacuum 
over phosphoric oxide for several days. The partially dehydrated compound was then recrystal- 
lised from acetone and finally dried by heating in a vacuum over phosphoric oxide, the temper- 
ature being raised very gradually to 80°. The samples were greyish, but caused no darkening 
of the hydrogen cyanide solutions, even on standing for a week. This latter fact is a sure proof 
of the absence of even a trace of free alkali in the anhydrous product. Lithium perchlorate was 
recrystallised frem water and dehydrated in a vacuum at 140—150° over phosphoric oxide. 
Lithium thiocyanate was purified by allowing an aqueous solution to crystallise in a vacuum 
over phosphoric oxide at room temperature. Dehydration was carried out in a vacuum at 
80° over phosphoric oxide, and for another sample, in a stream of pure dry nitrogen at 116°. 

Sodium salts. The bromide, iodide, nitrate, and perchlorate were recrystallised from 
water and dried in a vacuwm over phosphoric oxide at 100—110°. Another specimen of the 
bromide was obtained by recrystaliisation from hydrobromic acid solution and dried at 130° 
in an air-oven. Sedium thiocyanate was recrystallised from methyl alcohol and also from 
methyl alcohol-acetone. It was dried as in the case of the lithium salt. Sodium picrate was 
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obtained by neutralising sodium hydroxide with recrystallised picric acid. The salt was 
recrystallised from ethyl alcohol and dried in a vacuum over phosphoric oxide at 80°. 

Potassium salts. The chloride, bromide, iodide, nitrate, and perchlorate were recrystallised 
from aqueous solution and dried in a vacuum over phosphoric oxide at 100°. Other samples 
were dried at 120° in an air-oven. The thiocyanate was recrystallised from ethyl alcohol and 
dried as in the case of the lithium and sodium salts. 


Lithium chloride. Lithium bromide. Lithium iodide. 
A, = 345°4 — 335V/C. A, = 346°9 — 270VC. A, = 348°0 — 258VC. 


«xlor. VC. A. D «x10. VC. A. D. «x10. VEC. A. 
001021 3419 —O1 001188 343:0 —0-7 001199 3448 
ogg 001545 3405 = +0°3 0°02102 3410 —02 001812 343-2 
4 0°02136 3384 +02 19g 0°02902 3390 +00 . 002283 342°1 
0°02794 3362 +01 . 0°03382 3373 +0°0 0°02748 341°0 
o-eieal 2415 400 0°03738 3370 +02 0°03416 339°8 
0°01793 339°4 +00 seer oe ' 0°01831 342°5 
002494 3370 +00 0°006748 344°9 0°02551 341°0 
0°02995 335°0 —0-4 j . ; : j F 
0-03503 332-9 —08 0-01054 344-2 0-02608 341-0 
0°01336 343°3 . f 
001700 339°7 +00 002156 341-0 ' 0°04200 337-0 
0°03514 3323 —1°3 0°02823 339°3 0°04666 335-9 
0°04234 3294 —1°8 . 003150 338°3 
0°04758 3271 —2-7 
0°03531 337-0 
003993 335°7 
0°04407 334-9 


+1 1+ Ll +4+4+HH y 


2eee ee Seeee: 
Ort Wal ~1NmeOoSO 


Lithium nitrate. Lithium perchlorate. Lithium thiocyanate. 


A, = 336°6 — 402VC. A, = 336°9 — 230V/C. A, = 340-6 — 400VC. 
0°008410 332°5 —0°7 001251 333°9 . 0°01422 335-2 
0°01578 330°0 +00 0°01923 332-1 . 0°02208 331-2 
0°02204 3279 +04 3°33 0°02395 331°1 . 2°55 0°02883 327°6 
0°02641 3253 +0°1 0°02820 330°4 . 0°03526 322°8 
0-03098 3238 +00 0°03266 3294 . 004036 319°3 


001459 330°2 —0-4 001404 334-0 001334 336-7 

002499 3253 —0-4 002014 3324 001954 333-5 

3 002787 330°6 . 002511 3301 

O-O1127 332-4 +04 003327 329-3 002968 327°2 

001899 3296 =+0°9 003881 3278 003301 324'8 
002861 3251 +03 

003470 321:9 —03 0007169 338:8 

003928 3183 —2-0 001017 337°5 

001349 336-7 

001728 334-9 

002061 333°6 


Sodium bromide. Sodium iodide. Sodium nitrate. 


A, = 343°8 — 243-V/C. A, = 3449 — 238VC. A, = 333°8 — 250VC. 
0°01969 337°9 0°02074 339-4 0°02352 327°5 
0°03210 335°5 0°02965 337°7 4:13 0°03803 323-2 
0°04156 S33. 8°35 0°04168 334°7 0°05248 318°6 
0°04890 331-7 0°05128 332-5 

‘ . ‘ ; 0°02488 327-6 
0°05441 330°3 0°05839 330-9 0-08335  325°4 


0-01251 341-4 0-01321 341-3 0°04265 322-2 
0°02216 338-7 0-01999 339-8 0:04901 319-8 
oh i 001415 341°8 0-008638 330-0 
0°04005 334°5 0°02462 339-2 0°01442 329°9 
0°04571 332°6 0°03159 337°7 0°01674 329°6 

0°03787 336-3 gicitead : ee) 
001171 340-8 0°04225 335-2 a nelle te 
001918 339-4 0°04547 334-3 po oneal te 


0°02267 338°6 
. 9 . 
oe: He 0°01360 330-6 


0°02109 _ 328°9 
0°02658 327°4 
0°03001 326°7 
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Sodium perchlorate. Sodium. thiocyanate. Sodium picrate. 
A, = 335°5 — 235-/C. A, = 337°7 — 2300VC. A, = 266°9 — 195-/C. 
«x 107. VC. A. D. «x0. VC. Ayo. ene) SE, A,. 
001600 3311 —06 197 0°01750 333°4 —0-2 0°01496 264:2 
0°02368 3294 —06 0°02790 330°9 —0°3 2-18 0°02404 262°3 
002848 3289 +01 001861 333°4 0-0 x 0°03037 261-2 
0°03489 32772 —01 002446 332-4 O83 0°03530 260°1 
0°02118 330°6 +0°1 3° 0°03077  330°9 +0°3 O-01101 264°5 
0°03307 32777 +00 0°03877 32971 +0°3 0°01939 263-2 
0°03745 326°7 +0°0 0°04515 327°2 , — = 
0°04301 325°4 0-0 . . _0-9 0°034 , 
t P . = =? . 0°03987 258°9 
0°01445 332°3 +0°2 0°02966 330°6 
0°02228 330°2 —0O1 0°04434 327-4 —02 
0°02887 329°0 +0°3 . 0008874 335°3. —0°3 
0°03230 3279 -+0°0 001268 335°2 +04 
0°03651 3269 +-0°0 
Potassium chloride. Potassium bromide. Potassium iodide. 
A, = 363-4 — 280VC. A, = 363-2 — 248VC. A, = 363°9 — 235V/C. 
0°02186 3563 —0°9 0°01699 358°3 —0°2 0°01886 359°5 
56 0°04004 351°8 —O04 0°03258 355°0 —0O°1 0°03371 356-0 
0°05099 349°0 —02 5°03 0°04395 352°2 —0°2 5°96 0°04491 353-2 
0°05926 3469 +00 0°05121 350° +0°0 0°05489 351-0 
0-01980 357°6 —O0°2 0°05907 348°5 —0°2 0°05924 349-9 
0°03022 354°7 —02 0°01385 359°5 0°01179 360°9 
0°03743 352°9 ++0°0 0°02484 357-2 0°02638 357°7 


S 


1:98 


+++ 


[He-+tH | 


Seeese eeoce 
wSe Sw Srern 


0°03979 354°6 
0°04529 353°4 


0°05254 349°0 +02 0°04022 353-4 
352°0 


—0-2 
+0°2 

0°04541 351-0 +03 ‘2 003150 3555 +01 9°74 0°03332 356-1 
+0°2 
+01 


002146 357°1 —0-2 0°04592 
0°03410 3543 +04 

001003 360°6 +00 

0°01423 3596 +02 

001035 360°3 —0-2 

001655 358°7 +00 

Potassium nitrate. Potassium perchlorate. Potassium thiocyanate. 

A, = 353°9 — 253VC. A, = 355°3 — 275VC. A, = 358°0 — 243°C. 

002287 3470 —I1'l 001201 3521 +0°1 0°01295 354-6 

13-9 003080 345-7 —O04 35 0:01925 3500 +0-0 001872 353°5 
003823 3442 +00 002373 349°0 +02 3°36 0°02505 3652-2 
0°04216 343°4 +0°2 0°02077 349°3 —0°2 0°03054 351°1 
002197 3481 —02 002784 3474 —0-2 0°03533 349°5 
002788 3468 i400 ‘* 003580 345°2 —0-2 0°02142 352-6 
0°03457 345°0 —01 0°04225 343°3 +0:1 . 003061 350°5 
0°03800 3448 +00 003983 348-1 
0°02144 347°9 —0°6 0°04815 346°1 
0°03406 345°4 +0:1 
004410 3426 —0O-1 
005252 340°3 —03 
0°05736 339°1 —0-2 
0007020 351'7 —0-4 

9.q 07009484 351-6 +01 

- 001233 3509 +01 
001498 350°3 +02 

Tetraethylammonium picrate. Rubidium chloride. Cesium chloride. 

A, = 282°3 — 215VC. A, = 363-2 — 195VC. A, = 368°2 — 200VC. 
001372 279°7 +04 001372 360°2 —0-2 0°01547 3650 —0'1 
002122 2777 +00 ‘g.2, 002512 3573 —O03 4.4,  0°:02622 3623 —0-2 
0°03283 2752 400 ~~ 0°03477 3563 +00 0°03485 3611 —01 
0°03801 2743 +02 004178 3543 —O1 0°04316 359°7 +02 
004421 2729 +0°1 0°01238 360-9 +0-2 001900 364-7 +03 
001470 2786 —05 : 0°02219 3589 +01 0°02748 362°8 +01 
002179 2771 —0-4 0°03123 3575 +0°5 : 0°03570 361-1 +00 
0°02669 2763 —02 0°04225 3550 +02 0°04150 360°0 +01 
0°03325 2749 —0-2 0°04594 3590 +00 
001080 2796 —0-4 
001858 2784 +01 
0°02436 2772 +02 
0°02685 2768 +03 
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Rubidium chloride was recrystallised from methyl alcohol and precipitated once from aqueous 
solution by ethyl alcohol. Another sample was obtained from rubidium carbonate and hydro- 
chloric acid and recrystallised in the same way. Drying was effected at 120° in air. Czsium 
chloride was recrystallised from methyl alcohol and dried at 120° in air. 

Tetraethylammonium picrate was prepared from the hydroxide. An aqueous solution of 
the latter was prepared from tetraethylammonium iodide. The latter salt was purified by 
recrystallisation from methyl alcohol—acetone and from ethyl alcohol. An aqueous solution 
of the purified iodide was shaken for 3 hours at 40—50° with excess of carefully washed silver 
oxide. The filtrate was neutralised with picric acid, the resulting salt recrystallised several 
times from conductivity water, and dried in an air-oven at 110° or in a vacuum over phosphoric 
oxide at 80°. All the specimens prepared had m. p. 260-5° (+ 0-5°); Walden (Z. physikal. 
Chem., 1929, 144, A, 269) found 255-8°. 

Analysis of the Salts.—The halides and thiocyanates were analysed gravimetrically by pre- 
cipitation of the corresponding silver salts, or volumetrically by Volhard’s method. No salt 
was used unless the experimentally found percentage of halide or thiocyanate agreed with the 
calculated value within 0-1%. 

Results.—The tables, pp. 1249—1250, give the equivalent conductivities (A,) and the square 
root of the concentrations (1/C) for the salts examined. The concentrations are calculated in g.- 
equivs. per 1000 c.c. of solution in a vacuum at 18°. In each case, the conductivity of the pure 
solvent (x) was subtracted from the observed conductivity of the solution, to obtain the true 
conductivity of the electrolyte. The value of x x 10’ for each run is given. The equation 
relating equivalent conductivity and the square root of the concentration, for each salt, obtained 
from the best curve drawn through the experimental points, is also given. Deviations (D) of 
the actual values from these curves are given in the last column. 

In the graphical representation of the results (Figs. 2a—2d) equivalent conductivity is plotted 
against the square root of the concentration. 


DISCUSSION. 


Ag Values.—These were obtained by extrapolation of the AC plots to zero concen- 
tration. The values of Ag (Table I) show that the law of the independent mobility of 


ions is obeyed. 
TABLE I. 

Cr’. Br’. I’. NO,’. C10,’. CNS’. 

345-4 346°9 348°0 336°7 336-9 341°4 
— 31 3-1 2-9 1:4 37 
-_* 343°8 344°9 333°8 335°5 337°7 
_— 19°4 19°0 20-1 19°8 19°7 

363°4 363-2 363°9 353°9 355°3 358-0 

Agroci = 363°2; Agcocr = 368°2; Agnetaric. = 282°3. 

* Sodium chloride could not be included owing to its low solubility. 


Walden’s Rule and Ionic Mobilities.—If the motion of any ion obeys Stokes’s law, then 
for any given salt the product of Ag and the viscosity of the solvent (y) should be constant, 
independent of solvent and temperature. The recent measurements of Walden and others 
have shown that there is only a rough parallelism between conductivity and viscosity. 
Except for certain salts containing large organic ions, the product Agq varies from solvent 
to solvent and is not independent of temperature. For these large ions Stokes’s law must 
be applicable. A survey of the data for tetraethylammorium picrate in a number of 
non-aqueous solvents at different temperatures shows that Agy is reasonably constant and 
is close to a mean value of 0-563 (Walden and Birr, Z. physikal. Chem., 1931, 158, A, 1). 
Ekwall (ibid., 1933, 168, A, 442) found that for aqueous solutions of this salt at three 
different temperatures, the mean value of Agyn is 0-560. In hydrogen cyanide at 18°, 
this salt gives Agn = 0-561 and thus yet another solvent is added to those in which Stokes’s 
law is apparently obeyed by these large organic ions. : 

As yet, no transport-number measurements have been made in hydrogen cyanide, so 
that direct calculation of the ionic mobilities is not possible. However, by the application 
of the law of the independent mobility of ions and Stokes’s law, fairly accurate values of the 
mobilities can be found from the relation /9,pj.)1 = 0-267, where /p:pj¢) = mobility of the 
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picrate ion. Experimental evidence of the validity of this relation for a large number of 
solvents has been obtained by Walden and his co-workers (Z. physthal. Chem., 1923, 
106, A, 89; 107, A, 220; 1929, 140, A, 119; 1931, 153, A, }). Table II gives the values 
of the ionic mobilities in hydrogen cyanide based on the calculated value of 134-5 for the 
picrate ion. For comparison, the values in water at 18° are given in parentheses. 


TABLE II. 
IA 135°5 (33) Rb’ ......... 153-2 (67) OP. csaiennh 210°0 (65) NO,’ ...... 201-4 (62 
gual Baal 132°4 (43) Cs° ......... 158-2 (68) genie 211-4 (67) ClO,’ ...... 203°4 (56 
Aika 151-4 (64) NEt,’ ...... 144°5 (28) Pio 212°5 (67) CNS’ ...... 205-3 (57) 


The mobilities are very high compared with those in other solvents, as would be expected 
from the low viscosity of hydrogen cyanide (about one-fifth of that of water). 

The order of increasing mobilities for the alkali-metal ions is different from that in any 
solvent yet investigated. It is Na*< Li’ < K’ < Rb’ <Cs’. The lithium ion is slightly 
faster than the sodiumion. In all other solvents the order is Lii < Na’ < K" < Rb’ < Cs’. 
Considering the ionic radii, the mobilities would be expected to increase in the inverse order. 
The usual explanation is that the relative solvation of the ions isin accordance with Fajans’s 
theory (Fajans and Joos, Z. Physik, 1924, 28, 1), and the size of the solvated complex, 
which is inversely proportional to the mobility, decreases in the order Li > Na > K > 
Rb >Cs. For hydrogen cyanide, therefore, it appears that the increase in solvation as 
we go from sodium to lithium is not large enough to compensate for the decrease in ionic 
radius. The solvated complex containing the sodium ion will be larger than that containing 
the lithium ion and hence will have the lower mobility. Evidence that, in spite of its 
higher dipole moment, hydrogen cyanide does not solvate these inorganic ions so readily 
as does water, has also been adduced from the examination of solid—liquid equilibria for 
inorganic salts in hydrogen cyanide in this laboratory (unpublished). The number of 
solid solvates found is small. 

Except for the picrate ion the anion mobilities are very little different from each other. 
As in aqueous solution and in contrast to the general order in non-aqueous solutions, the 
mobilities of the polyatomic anions are less than those of the monatomic anions, as would be 
expected from the greater size of the former. 

Practically all the accurate conductivity measurements im non-aqueous solvents have 
been carried out at 25°, so that no direct comparison of the ionic mobilities in hydrogen 
cyanide with those in other solvents will be made. Instead, the values of /gn for each ion 
will be compared. In Table ITI comparison is made with the other nitrilic solvents, aceto- 
nitrile (Walden and Birr, Z. physikal. Chem., 1929, 144, A, 269), benzonitrile (Martin, J., 
1928, 3270), ethyl cyanoacetate and o-toluonitrile (Philip and Rangaramanujam, J., 1932, 


TABLE III. 
Li’. Na’. Ws)! Wiese) ee. Br’. VY. NO,’. Clo,’ 
Ee ee el eee 0-28 027 O31 0294 041 O41 O42 040 0°40 
RRR 021 024 O30 0296 O31 O33 O35 036 0°36 
CEEIEEI  senconsedeacsnapeneesese 0-22 0623 028 0-308 am 0-23 «= 0°36 — — 
CH,(CN)-CO,Et .........ee eee 015 O24 028 . 0-294 —_ 0°33 «0°35 — — 
O-CgHgMeCN a... es eeceeeees O12 024 O28 6-288 per’ 0-32 486636 — — 


1512). Table III shows that the constancy of the Jy, value for a given ion is best for 
ions of large atomic volume; further, cations give a greater degree of constancy than 
anions. In Table IV, /g, values for various ions in hydrogen cyanide, water (Davies, 
“ Conductivity of Solutions,’ 1933, 205), methyl alcohol (Frazer and Hartley, Joc. cit.), 
and pyridine (Walden, Audrieth, and Birr, Z. physikal. Chem., 1932, 160, A, 337) are 
compared. 


TABLE IV. - 
Si Sie a ae A eee TY. “Ca. 
Dy aerate 035 O46 O68 O71 O72 ©O298 O69 O71 O71 059 
CHyOH _getseeseeseeees 0-22 026 O30 O31 034 0296 029 030 033 0°39 
| _ TT peaeeeengaae 028 027 O31 O81 O32 0294 O41 O41 042 0°40 


SRE roneessvsenieses 016 O21 024 — — 034 O41 043 042 0-42 
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As for other non-aqueous solvents, the /sn values for hydrogen cyanide are roughly half those 
in water. The agreement between the values for hydrogen cyanide and methyl alcohol 
is good, except for the lithium and halogen ions, while the values for the anions in pyridine 
are in good agreement with those for hydrogen cyanide. 

Regarding the effect of the solvent on the mobility of an ion there are two main views, 
The solvation theory considers each ion to be associated with a definite number of solvent 
molecules and Stokes’s law may be applied to the solvated complex. The molecular volume 
of the solvent is an important factor in determining the effective size of the ion. A greater 
constancy of /gn is to be expected for cations of large atomic volume, since these will be 
relatively unsolvated in all solvents. Table III shows this clearly in the case of nitriles. 
Regarding the agreement of the /gn values in methyl alcohol and hydrogen cyanide, it is 
noteworthy that their molecular volumes are nearly the same. 

Born (Z. Physik, 1920, 1, 221; see also Schmick, ibid., 1924, 24, 56) takes the view that 
the resistance to the motion of an ion is due, in part, to the bulk viscosity of the solvent, 
and in part to a dipole interaction between the ions and the solvent molecules. Deviations 
from Stokes’s law for the small inorganic ions are assumed to be due to this electrical 
interaction, the effect of which is greater the smaller the ion. For sufficiently large ions, 
the effect will be relatively small and /gy for a given ion will be constant, independent of 
solvent and temperature. Tables III and IV support this view. In the nitrilic solvents 
it is for the cations that /yn gives the greater degree of constancy. Here the —C=N group 
is oriented towards the cation and it may be expected that any electrical interactions would 
be fairly similar for the different solvents. The —C=N group is oriented away from the 
anions and the replacement of an alkyl or aryl group by a hydrogen atom might well be 
expected to alter the electrical interaction in the neighbourhood of the ion, to an apppreci- 
able extent. The agreement of the /jy values in hydrogen cyanide and pyridine may be 
due to the somewhat similar structures (I) and (II). In each case the group oriented 


CH—CH,, 

(l.) H—C=N H-C<¢y—CH>N (IL.) 
towards the anions is H—C = and the interaction between anions and solvent molecules may 
thus be similar in each solvent. At first sight it might appear that the cation mobilities 
should exhibit a similar constancy in both solvents. However, there is a difference in the 
electrical nature of the nitrogen atoms in the two molecules, and it is these which are in 
close proximity to the cations. In hydrogen cyanide, the lone pair of electrons on the 
nitrogen atom is subject to an attraction towards the centre of the molecule (Amn. Reports, 
1928, 25, 139), while in pyridine the ‘‘ aromatic sextet ”’ (#bid., p. 120) is complete without 
calling on the lone pair. 

The Debye—Hiickel-Onsager Equation.—The majority of the salts obey the Kohlrausch 
empirical equation, A, = Ag — xVC over the whole concentration range studied. Accord- 
ing to the Debye—Hiickel—Onsager theory, for uni-univalent salts 

5-776 x 105 58-0 
rene et enV? 
where ¢ and » are the dielectric constant and viscosity of the solvent, respectively, at the 
temperature 7. For hydrogen cyanide at 18°, « = 119 (Fredenhagen and Dahmlos, 
loc. cit.) and 7 = 0-001986, hence 


A, = Ag — (0-127 Ag + 222)VC 
Table V gives the percentage deviation 100 (..5, — *tneo.) /*tneo. for each salt. 


TABLE V. 


ai 


Li. Na. 

+26 

+ 2 — 8 

— 3 —10 
Nitrate +652 — 6 
Perchlorate —13 —I11 
Thiocyanate +52 —13 


| Sodium picrate 

|  Tetraethylammonium picrate 
Rubidium chloride 

| Czsium chloride 
| 


— 


I+1 1+ 
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Except for a few cases (which will be considered later) there is good agreement between 
theory and experiment. The Debye—Milner electrostatic picture of ionic solution is thus 
applicable to electrolyte solutions in hydrogen cyanide, which, contrary to the opinion 
of Fredenhagen, is a powerful dissociating medium for the salts investigated. That 
hydrogen cyanide obeys the Nernst-Thomson rule may be seen clearly by comparing 
(Table VI) the conductivity ratios for tetraethylammonium picrate with those in other 
solvents (cf. Walden, Z. physikal. Chem., 1930, 147, A, 27). 


TABLE VI. 
Ae/Ao- Ay/Ao. AglMe Aol Ag 
Solvent. « (20°). v = 10001. v = 10,0001. Solvent. e (20°). v= 10001. v = 10,0001. 
HCN (18°)... 116 0-985 0-993 C,H, OH ... 25 0-852 0-952 
H,O (18°)... 81 0-965 0-992 COMe, 21 0°835 0-946 
c 35 0°933 0-978 COMeEt ... 18 0-812 0°943 
36 0-928 0-978 


The A-VC plots for the chloride, nitrate, and thiocyanate of lithium and for sodium 
nitrate are concave to the concentration axis in the more concentrated regions, but follow 
a linear relation at the dilute ends of the curves. It is seen that the three lithium salts 
give values of x,,,. appreciably greater than predicted, although that for sodium nitrate 
is in good agreement with theory. These deviations may be explained in terms of ionic 
association. The association tendency of nitrates has been observed in other solvents. 

The order of increasing tendency for association with a given anion is seen to be 
(Cs*, Rb’, K*) < Na’ < Li’. Electrolytic solvents have been classified roughly as levelling 
or differentiating (Ann. Reports, 1930, 27, 326). In the former (mainly hydroxylic sub- 
stances, the molecules of which possess donor and acceptor properties) the association 
tendency is relatively small, since the ions are stably solvated and their specific chemical 
affinities suppressed. For a given anion, the association increases as the size of the solvated 
cation (as deduced from the mobilities) decreases (Bjerrum, Kgl. Danske Videnskabs. 
Selsk. Math.-phys. Med., 1926, 7, No. 9), i.e., in the order Li << Na < K < Rb < Cs. 
In the differentiating solvents, e.g., nitromethane, acetonitrile, the order of increasing ion 
association is reversed, although the size of the solvated ions is in the same order as in the 
levelling solvents. This is ascribed to the weaker solvation of both ions, and more par- 
ticularly that of the anion. The solvent molecule possesses only donor properties and the 
anions are relatively unsolvated. The association tendency is that expected of the un- 
solvated ion (Bjerrum, Joc. cit.), the small lithium ion now showing the greatest association 
tendency. As already stated, the order of decreasing effective radii, as deduced from the 
mobilities in hydrogen cyanide, is Na° > Li’ > K° > Rb’ >Cs*. Thus in passing from 
sodium to lithium we should expect an increase in association tendency whether the bare 
ion or the solvated complex is considered. However, passing to potassium, it is seen that 
although there is a decrease in the radius of the solvated ion (as shown bythe great mobility), 
the association tendency decreases. As in the differentiating solvents, the co-ordinating 
power of the relatively unsolvated anion for the cation, also not strongly solvated, over- 
comes that of the solvent molecule, and ion-pair formation takes place according to 
Bjerrum’s views. The relative tendencies of the anions to promote ionic association are 
exhibited clearly only in the case of the lithium salts, and the order is (C10,’, I’, Picrate’) < 
Br’ < Cl’ < NO,’ < CNS’. The picrate ion has been included on the basis of measure- 
ments carried out with sodium picrate. A general survey of the conductivity measure- 
ments in a large number of solvents (Ann. Reports, 1930, 27, 326) has given a very similar 
order: (C1O,’, I’, Picrate) < (Br’, NO,') < (Cl’, CNS’). 

A notable feature of the results for hydrogen cyanide is the predominance of negative 
deviations from the theoretical slope. Rubidium and cesium chlorides show remarkably 
large negative deviations. Other salts with large ions have been found to exhibit this 
feature in hydrogen cyanide. They will be dealt with ina later communication. Negative 
deviations from the theoretical slopes have been found to some extent in water, methyl 
alcohol, acetonitrile, etc. (Ekwall, loc. cit.; Ann. Reports, loc. cit.). Whatever their origin, 
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such deviations will be most evident (in dilute solution) in solvents of high dielectric 
constant, since, when the latter is small, they will be obscured by the positive deviations 
due to ionic association. 

Dissociation Constants.—Fuoss and Kraus (J. Amer. Chem. Soc., 1933, 55, 476; 
1935, 57, 488) have devised an exact method of solving the conductivity equations of 
incompletely dissociated binary electrolytes and obtaining the true degree of dissociation «, 
the value of Ag, and the dissociation constant K. By applying their method to the case of 
lithium chloride, nitrate, and thiocyanate in hydrogen cyanide, the following values have 
been found : 


Go.001N. Ag. K. 
EI: ccsnccdienseetbiseanibecednn 0-991 345°5 0-11 
RAS TN, Jd vce th nec ceckdsttdédencccoceses 0-987 336°0 0°07 
Lithium thiocyaihate  .........csccecsesseees 0:979 341°4 0-043 
SUMMARY. 


(1) Accurate measurements of the conductivities of some uni-univalent salts in pure 
anhydrous hydrogen cyanide have been made at 18° over the concentration range 0-0001— 
0-002N. 

(2) The density and viscosity of the solvent at 18° have been determined. 

(3) The Ag values are in agreement with the law of the independent mobility of ions. 

(4) The product Ag» for tetraethylammonium picrate in hydrogen cyanide agrees with 
the mean value of the product for a large variety of solvents, in accordance with Walden’s 
rule. Onthe basis of this rule, the ionic mobilities in hydrogen cyanide have been calculated. 

(5) Most of the salts obey the Kohlrausch rule A, = Ay — x/C over the whole con- 
centration range investigated, and the values of x are in good agreement with those cal- 
culated by means of the Debye—Hiickel-Onsager equation. Large positive deviations 
from the theory, due to incomplete dissociation, have been found in the case of certain 
lithium and sodium salts. 

(6) Dissociation constants for lithium chloride, nitrate, and thiocyanate have been 
calculated. 

(7) Negative deviations also occur, the origin of which is at present unknown. 


Part of the work described in this paper was carried out during the tenure by one of us 
(E.G. T.) of a Research Studentship of the University of Wales, and part with the aid of a grant 
from the Department of Scientific and Industrial Research. 

Much of the cost of the work was met by grants from the Chemical Society and Imperial 
Chemical Industries Ltd., to whom our thanks are due. 


UNIVERSITY COLLEGE, SWANSEA. (Received, June 11th, 1936.] 





268. Sorption Processes on Diamond and Graphite. Part I. 
Reactions with Hydrogen. 


By RICHARD M. BARRER. 


SINCE sorption of hydrogen by “‘ amorphous,” 7.¢., microcrystalline, carbon has recently 
been thoroughly investigated (Barrer and Rideal, Proc. Roy. Soc., 1935, A, 149, 231; 
Barrer, ibid., p. 253; Trans. Faraday Soc., 1936, 32, 481), it was of interest to study the 
sorption of hydrogen by diamond and graphite, and also the interactions of oxygen and of 
oxides of carbon with diamond. It was hoped to correlate differences in behaviour with the 
different crystalline structures of the adsorbents, both of which were found to give very 
stable reproducible surfaces. Diamond, which forms unusually perfect macrocrystals, 
should be very constant in such properties as energy of activation for sorption, absence of 
active centres (of ‘‘ lockerstellen ’’ type) and heat of sorption. The sequel will show how 
these views require modification for powdered diamond. 

The main phenomena of oxygen sorption (e.g., Langmuir, J. Amer. Chem. Soc., 1915, 37, 
1139; Bull, Hall, and Garner, J., 1931, 837; Allmand and Shiels, Trans. Faraday Soc., 
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1932, 28, 225) by charcoal are well known. Few data exist on the corresponding diamond 
adsorbents. Storfer (Z. Elektrochem., 1935, 41, 868) reported no high-temperature hydrogen 
uptake by diamond, but it will be shown that there is a small but vigorous chemisorption. 
Oxygen is known to oxidise diamond to carbon dioxide (Lambert, Trans. Faraday Soc., 
1936, 32, 452), but the details of oxygen sorption have not been examined. Study of 
oxygen—diamond systems leads to the study of primary oxidation processes, of the reactions 
of carbon oxides with diamond surfaces, and the interaction of hydrogen with oxide-covered 
diamond. The influence of oxide films on the chemisorption kinetics and isothermals of 
hydrogen may be three-fold, according as hydrogen attacks only the bare carbon surface, 
displaces oxygen as water, or forms surface hydroxy] groups. 


EXPERIMENTAL. 


The static method of measuring sorption equilibria was employed. The sorption apparatus 
and hydrogen generator have been described elsewhere (Barrer and Rideal, loc. cit.). Oxygen 
was prepared from out-gassed potassium permanganate, and passed through a trap at — 78°. 
Carbon dioxide was prepared in small quantity by oxidation of diamond at 400°, and separated 
by liquid air. Carbon monoxide was also prepared by the interaction of the dioxide with 
diamond at higher temperatures (800°), and purified by use of liquid air. The stored gases were 
admitted in suitable doses to the adsorbent, which was contained in the double-walled silica bulb 
already described (idem, ibid.). Before use, the diamond was out-gassed at 830° for 24 hours, 
and the graphite for a similar period at 900°. 

Gas analyses of CO—CO,—O, mixtures was carried out at the low pressures of the experiments 
(10 to 10-* cm.) by using Langmuir’s hot platinum-filament method. A sample of gas was 
isolated from the adsorption bulb, and absence of water and condensable gases shown with solid 
carbon dioxide at — 78°. The carbon dioxide content was measured with liquid air, and the 
residual permanent gases were removed by means of a Toepler pump to the catalyst (thoroughly 
out-gassed platinum wire at 900°). There, if any oxygen as well as carbon monoxide was present, 
oxidation occurred, and the carbon dioxide was frozen out in an appendage immersed in liquid air. 
The nature of the residual gas (either carbon monoxide or dioxide) was determined by addition 
of a small excess of oxygen and reheating the filament. In cases where oxides of carbon were 
formed at all readily, no gaseous oxygen whatever remained. Further, no water or condensable 
gas was ever observed in the resultant CO-CO, mixtures. 

The Stability of the Adsorbents——No changes in sorptive capacity of the graphite were 
observed during numerous chemisorptive experiments with hydrogen and physical sorption 
experiments with various gases. No permanent changes were observed with diamond which 
were not due to chemical attack by oxygen. Even these changes were of secondary importance. 
It should be noted that the 2 g. of diamond powder employed had a small surface area and were 
therefore covered by small traces of gas only. The 20 g. of Acheson graphite used, with a much 
greater surface, could suffer negligible contamination by traces of foreign gases, when once 
thoroughly out-gassed and held in a vacuum. There remained the possibility of the diamond-— 
graphite transformation. The diamond not only appeared the same visually after the longest 
treatments at 830°, but also gave B-ray photographs (kindly taken by Mr. C. S. Lees of this 
laboratory) after such treatments which indicated only a diamond structure. Since a 15 A. 
layer of graphite is detectable, it was concluded that the diamond remained stable under rigorous 
treatment. 

Isothermals for Chemisorption of Hydrogen by Diamond,—It was first shown that diamond, 
like graphite, is capable of chemisorbing hydrogen, the contrary result of Storfer (/oc. cit.) being 
due possibly to inadequate out-gassing. Numerous isothermals were measured, all showing 
similar characteristics. They were rectangular, sorption being completed even at 820° at very 
low pressures (ca. 10-' cm.). This indicates a high heat of sorption. The saturation limit 
usually increased with increased duration of out-gassing [Fig. 1, isotherms (I), (II), (III)]. The 
increase was not always permanent, and the various fluctuations in activity were all found to be 
due to the influence of traces of surface oxide (see below). 

On the assumption that the molecule of hydrogen is adsorbed as atoms, but that always the 
same pair of atoms desorbs to give back the molecules, the isotherm is that of Langmuir, 0 = ~ 
ap/(l1 + ap). Statistical mechanics (Fowler, Proc. Camb. Phil. Soc., 1935, 31, 260) gives 


-- -@ (2rem*2)(RT)52 bg(T)_ 
Sue * ‘ Vs(T)° 
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where bg(T) is the partition function for the internal states of the gaseous hydrogen molecules 
and Vs(T) the partition functions for its set of adsorbed states (as two atoms). When 6 = }, 
6/(1 — 6) = 1. Half saturation was observed at 1033° Abs. when p = 2:2 x 10cm. Putting 
these values (p in dynes/cm.?) in the above expression, we obtain for AH, the heat of sorption, in 
cals. /g.-mol. of hydrogen 





AH = 58,000 + 4,750 log bg(T)/Vs(T) 


Although AH cannot be determined uniquely from this expression, since the state sum Vs(T) 
is not known, one sees that, save where bg(T)/Vs(T) is very small, AH is large, as indicated by the 
rectangularity of the isotherms. 
The isotherm at 1063° Abs. on graphite (Fig. 1b) was of Langmuir type, as is also true of 
chemisorption on charcoals (Barrer and Rideal, Joc. cit.). The isotherm, however, is not so 
Foc. 1. rectangular as those on diamond. The pres- 
sure of half saturation is 2-1 cm., so that the 
expression for AH is 


AH = 45,000 + 4,950 log bg(T)/Vs(T) 


From previous work (idem, ibid.) the 
Clapeyron equation gave for chemisorption 
of hydrogen on charcoal AH = 50,000 + 
5000 cals./g.-mol.; hence log bg(T)/Vs(7), 
which will be approximately the same for 
diamond and graphite, is quite small. 
Hydrogen is chemisorbed more vigorously 
therefore by diamond than by graphite, and 
the heats are of the order 58,000 and 45,000 
cals., respectively. 

Energy of Activation for Chemisorption 
on Diamond and Graphite.—The kinetic 
processes for chemisorption of hydrogen by 
Pr (cm)x 10? diamond and graphite resemble those ob- 
(a) Hydrogenation of 2 g. of diamond at 1092° Abs. Served on charcoals (idem, ibid.). An 

Experiments in order 1, I1, III. initially rapid velocity was followed by a 
(b) Hydrogenation of 22 g. of Acheson graphite at 1063° steady decrease in speed ; when log (p, — p..) 

Abs. is plotted against time, the graphs show a 
curvature. For not too great surface densities, the equation 


d log (p, — pu) /dt = k(1 — O)e~#/*7 


may be used. In the case of diamond, the total surface was very small and the curvature is due 
more to the term (1 — 6) than to changes in the energy E. The converse is the case with graph- 
ite. Fig. 2 shows dlog (p, — ~..)/dt plotted against the percentage saturation of the surface for 
diamond. For both substances the former decreases as the latter increases; but also the 
temperature coefficient of the former increases as the latter increases. This function was 
used, modified where necessary at greater surface densities,* to calculate the values of E. These 
are given for two temperature ranges for diamond in Table I, The means of numerous experi- 
ments at temperatures ranging from 418° to 733° are given for graphite in Table II. 


Comparison of Energy of Activation and Percentage Saturation Curves.—The same 
characteristic energy-charge curves were observed on all the graphitic carbons; E was 
initially small and increased at first rapidly then more slowly until a constant or nearly 
constant value was reached. Fig. 3 shows energy—charge curves for diamond, and for the 
following three graphitic carbons, the volumes (corrected to N.T.P.) relating to physical 
sorption of hydrogen per g. at saturation: (1) Acheson graphite, 0-1% ash; 1-1 c.c. 
(2) Sugar carbon, 0-01°% ash; 18c.c. (3) Sugar carbon, 0-1% ash; 57 c.c. 


* At large surface density the equation which must be employed is 


d log (p; — pao)/dt = k[po/(bo — Pu) — Se**? 
This expression is derivable from the differential equation —dp/dt = k,p,(1 — 0) — k,@, and the 
equilibrium condition k,p,(1 — 0) = &,@. An analysis of the absolute reaction rates will be given 
elsewhere. 


C.c. sorbed(at NTP) x03 


C.c.sorbed (at NTP.) 





6 40 

















~~ 








les 


ing 
,in 


(T) 
the 


- of 


eS- 
the 


on 
tic 


»b- 
An 
ra 


0) 
fa 


for 


ne 
fas 


he 
-al 


he 








Sorption Processes on Diamond and Graphite. Part I: 1259 


TABLE I. 


Sorption of hydrogen on 2 g. of diamond powder. 
Energy (kg.-cals./mol.). 





C.c. sorbed at ~— . Mean energy 
N.EP. Between 563° and 450°. Between 450° and 615°. (kg.-cals./mol.). 
0°00175 15°7 13°7 14°5 
0°00350 16°1 149 15°5 
0°00525 171 15:4 16°3 
0:00700 18-2 15°8 17-0 
0°00825 21°8 19°3 20°5 
0°0105 22°4 21:3 22°0 

Saturation value 
0°030 c.c. 


TABLE II. 
Sorption of hydrogen on 22 g. of graphite. 







































































C.c. sorbed Mean energy C.c. sorbed Mean energy C.c. sorbed Mean energy 
at N.T.P. (kg.-cals./mol.). at N.T.P. (kg.-cals./mol.). at N.T.P. (kg.-cals./mol.). 
00260 22-0 0-400 29-0 1-20 35°2 
0°0461 24°6 0°60 30°6 1-40 34°2 
0°0625 25°4 0°80 31°6 1-60 34:1 
0°0750 26°4 1:00 33°2 1-80 33°8 
Saturation value 
5°8 c.c. 
Fic. 2. 
Rates of sorption of hydrogen on diamond. Fic. 3. 
= 
1 
&, im 
& 
$ 
+N Med S 9 
a bia 
Ho, a ra <% B6 772 Be Hea 
ue CT, I oz % Saturation of surface. 
0 “= a 5 ae ea I. Acheson graphite, 0°1% ash. 
te II. Sugar carbon, 0°01% ash. 
Ce.sorbed at MEL) III. Sugar carbon, 0°1% ‘ash. 
I. 615°; II. 563°; III. 450°. IV. Diamond. 


The saturation value is a rough measure of the size, and therefore degree of perfection, 
of the component crystallites. Very small microcrystals of graphite (10—30 A.) show 
a marked increase in inter-laminar distance with decreasing size (Randall and Rooksby, 
Nature, 1932, 129, 280; Arnfelt, Arkiv Mat. Astron. Fysik, 1932, 28, B, No. 2), and probably 
a sliding of laminz across one another (Warren, Physical Rev., 1934, 45,763). The graphite 
is most nearly perfect. Its E values should therefore most rapidly approach constancy, 
and should commence nearest to that constant value. Carbon (2) should lie intermediate 
between graphite and carbon (3), as regards both its initial E value and the speed with which 
a constant E is approached. Carbon (3), having the greatest range in structure, should 
have the smallest initial E, and should take longest to reach a constant E as charge increases. 
Examination of Fig. 3 shows that all these expectations are fulfilled. Thus the properties 
of the curves are explicable upon the assumption only of the variable carbon-carbon 
distances in the materials. There is no connexion with total ash content: on this basis 
one would expect carbon (2) to have by far the most constant £ as charge increases. Only 
upon an adsorbent composed of perfect crystals would the energy E be a constant for all 
values of charge, and to this condition diamond may approach. It is, in fact, observed that 
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the E-x curve is of an entirely different shape from those for charcoals and graphite: E 
remains nearly constant by comparison with that for graphite; the curve is concave to the 
x axis, and not convex; and it does not commence with the very small E value at small x. 
These curves stress a difference in the sorptives which has not previously been revealed. 
Chemisorption of hydrogen, except for the first traces, should proceed more easily on 
diamond than on graphite, area for area. The principal spacing likely to ‘be involved in 
diamond is the C-C distance of 1-56 A., while graphite has two such distances, 1-42 and 3-4 
A. (both of which, especially the latter, vary with crystal size). Finally, it is probable 
that the variable energies are to be ascribed to variable C—C distances rather than to an 
activated migration to internal surfaces following upon chemisorption upon external sur- 
faces, since in all cases the surface available for van der Waals sorption is greater * than 
that for chemisorption. Thus the process 
Fic. 4. does not involve activated flow to parts not 
accessible to Knudsen flow. 

IL Chemisorption of Hydrogen ‘by -Oxide- 
covered Diamond.—In seeking an explan- 
ation for the fact that saturation for physical 
sorption exceeds saturation for chemisorp- 
tion of hydrogen, in contrast to the 
diamond-oxygen system (Part II), we must 
envisage the following possibilities: (1) 
Chemisorption occurs only on certain parts 
of a bare carbon surface (as was assumed 
for charcoals); (2) chemisorption would 
occur at all points but that an oxide film of 
ee 4 great stability occupies a great part of the 
P surface. Physical sorption proceeds largely 

0 70 4% undiminished on such a film. 
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20 30 
Pressure (cm) x 10° That. oxygen has an important influence 
Curves I and III : Hi, on out-gassed diamond before ‘Upon chemisorption of hydrogen by diamond 
and after oxide formation at 819°. was shown as follows. A hydrogen iso- 
Curve 11: H, om “ oxided” diamond surface at +hermal was determined; a little oxygen 


819°. - : 
was admitted, gaseous oxides of carbon 


removed, and the hydrogen isothermal redetermined. Finally, the sorbent was out-gassed, 
and the isothermal again measured. These are respectively curves I, II, HI of Fig. 4, all 
at 819°. Oxygen is clearly a strong poison for chemisorption of hydrogen. The two 
possible reactions with the oxygen film, v7z., 


(2) Hg + C*COfeurtacey —> CH*C(OH) ceurtace) 


are ruled out by the poisoning of hydrogen sorption by the oxide film. Reactions (1) and 
(2) would not decrease the amount of hydrogen sorbed. The possibility of a reaction H, + 
CO eurtacey —> C + HQ ¢vapoury Was eliminated by testing the gas atmosphere ‘for ‘water 
with solid carbon dioxide in acetone. Even at 820° this film was chemically inert towards 
hydrogen, and chemisorption can proceed only upon oxygen-free surfaces. It has been 
stated (Schilow, Shatunovska, and Chmutov, Z. physikal. Chem., 1930, A, 149, 211) that 
there are several surface oxides on carbon. It was therefore thought possible that hydrogen 
might react with a low-temperature oxide film. This film was formed at 333°, and hydrogen 
sorption measured on it at that temperature. The film remained inert, no hydrogen was 
sorbed, and no water vapour was formed. One therefore has reason to suppose that 
suggestion (2) is the correct one. 

The rates of chemisorption of hydrogen both in presence and in absence of oxide film 
at 820° were not measurably different. In both cases sorption was complete in several 


* The surfaces available for chemisorption were less than 10°, of those available for physical sorption. 
The physical-serption experiments will ‘be discussed-in another-paper. 
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minutes. At the same time the oxide film underwent its usual slow decomposition (see 
Part II) into oxides of carbon. This rate was also the same in a vacuum as when hydrogen 
was present. 

SUMMARY. 


Diamond chemisorbs hydrogen very vigorously at temperatures from 400° upwards. 
The isotherms indicate, by their rectangular form, a more energetic sorption than occurs on 
graphite. An estimate of the heats of sorption gives 58 kg.-cals./g.-mol. for diamond, and 
45 kg.-cals./g.-mol. for graphite. The energy of activation—percentage saturation curves 
are of different forms for diamond from those for graphite and charcoals. All the results are 
explicable in terms of the varying degrees of perfection of the crystals. By admission of a 
little oxygen a very stable oxide film is formed on diamond which is chemically inert towards 
hydrogen up to 820°. This film poisons the chemisorption of the hydrogen, which gas can 
therefore occupy only the bare carbon surface. 


LABORATORY OF COLLOID SCIENCE, CAMBRIDGE. [Received, June 23rd, 1936.) 





269. Sorption Processes on Diamond and Graphite. Part II. Reactions 
of Diamond with Oxygen, Carbon Dioxide, and Carbon Monoxide. 


By RIcHARD M. BARRER. 


THE apparatus and method of analysis of gases used have been described in Part I (pre- 
ceding paper), and the results on the diamond-oxygen-carbon oxide systems are now 
given. 

In the sorption of oxygen by diamond four different temperature-dependent processes 
were observed; these merged gradually as transition regions of temperatures were 
traversed. . 

(1) At very low temperatures (—78°) a reversible van der Waals or physical sorption 
was obtained. Even at this temperature a slight chemisorption proceeded, however, as is 
also the case on charcoals (Barrer and Rideal, Proc. Roy. Soc., 1935, A, 149, 231). 

(2) From 0° to 144° physical sorption was slight compared with an irreversible chemical 
sorption. After each admission of oxygen, subsequent admissions proceeded more and 
more slowly, until the sorption rates were negligible. In this region the sorbed oxygen 
was retained as a film, and the residual gas atmosphere was pure oxygen. 

(3) At temperatures from 244° to 370° a burst of carbon dioxide occurred at each 
admission of oxygen, until, when all the oxygen was consumed, a gas atmosphere of nearly 
pure carbon dioxide remained. The amount of this carbon dioxide was very much smaller 
than the amount of oxygen originally taken, because nearly all the latter was chemisorbed 
to form a stable film. 

(4) At still higher temperatures, the film itself commenced to decompose. Several 
reactions were observed, and the gaseous atmosphere consisted of carbon dioxide and 
monoxide. 

These processes may now be considered in more detail. Fig. 1 gives the quantity— 
pressure curves for oxygen on diamond (2 g.) in the temperature range —78° to 144°; 
a remarkable increase has occurred in the saturation value for the sorption, viz., from 
0-05 to 0-15 c.c. (at N.T.P.). The former value is comparable with the limit for chemi- 
sorption of hydrogen of 0-03 c.c. (Part I). Since the sorption at — 78° was mainly physical 
it must be confined to external surfaces; the increased sorption at higher temperatures, 
which is a chemical process, must involve a continual penetration into the adsorbent. The 
isotherms therefore suggest that each (visible) diamond particle is invisibly subdivided into ‘ 
a Mosaic of submicroscopic particles, into which penetration occurs with increasing facility 
as the temperature is raised. The necessary mosaic structure doubtless has its origin in 
the grinding processes required to form the powder. Even with large crystals, however, 
laminar structure (Robertson, Fox, and Martin, Phil. Trans., 1935, A, 232, 463) and 
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cracks (Andrade and Martindale, ibid., 285, 69) in the crystal surface have been noted in 
certain cases. 
Kinetics and Energetics of Oxygen Sorption.—The rate of sorption is 
—dp/dt=k(l—0)p=—A[l—a(Film)]p . ... . (i) 

if 8 is the fraction of surface covered, k and a are constants, and # is the pressure. This 
equation does not include a reverse process, because sorption is irreversible. It is, however, 
of limited applicability, because the ease of penetration decreases as sorption increases ; 
i.e., kis a function of the amount of film formed. This variation is well shown by plotting 
d log p/dt against the amount of the film formed, the curious family of curves given in Fig. 2 


Fic.1. Fic. 2. 
Sorption of oxygen by diamond. Sorption of oxygen by diamond. 
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being obtained. At low temperatures over a limited range of film increase, equation (1) is 
valid. The curve then turns and approaches the x axis asymptotically. At higher tem- 
peratures d log p/dt tends initially to be constant, at a value not greatly dependent on 
temperature, so that here the sorption equation is log Jy/p = kt. By examining the curves 
of Fig. 2, one can infer that the high-temperature curves also approach the x axis asympto- 
tically, producing an §-shaped curve. 

The temperature coefficient of the quantity d log p/dt increases very strongly as the 
amount of film increases, and the apparent energy of activation calculated therefrom 
increases to an extent more marked than in any hydrogen-carbon system (Part I) (Table I). 


TABLE I. 


Absorption on 2 g. of diamond powder. 
Film (c.c. O, E Film (c.c. O, E 
at N.T.P. Temp. Temp. (apparent) at N.T.P. Temp. Temp. (apparent) 
x 10%). range. coeff. (kg.-cals.). x 10°). range. coeff. (kg.-cals.). 
35 144—244° 2°75 4°3 84°6 144—244° 2060 23-0 
45°5 - 4°63 6°6 93-4 i 284-0 24-4 
58:8 ‘. 19°7 12-0 
73°2 770 18°6 45°8 19—144 281 13°8 
Since a certain amount of chemisorption occurs at — 78°, one may infer that on an 
exposed surface E(true) is small. The rising values of the energy with increased sorption 
cannot be interpreted exclusively as indicating that certain crystal distances on the exposed 
surface favour reaction more than others, producing a stepped energy—charge curve, because 
the larger energies are associated with amounts of oxygen greater than those needed to 
cover the external surface completely. Instead, they are probably connected with 
processes of penetration to internal surfaces of the mosaic (whose existence is indicated by 
the sorption isotherms). The less accessible the internal surface, the greater the cohesion 
of its component crystallites. Thus, of the energy of activation a small part is needed for 
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chemical reaction, and an increasing fraction is expended to overcome cohesion as penetra- 
tion proceeds. This power of penetration is a specific property of the oxygen-diamond 
system, because the analogous process occurs only to a minor extent with hydrogen. Where 
the temperature coefficient is negligible, and the sorption equation is log py/p = kt, one may 
suppose sorption to be limited by simple diffusion, whose temperature dependence is slight. 

Mechanism, Kinetics, and Energetics of Carbon Dioxide Formation.—Between 240° 
and 370° pure carbon dioxide was the primary product of the reaction between oxygen 
and diamond. Most of the oxygen, however, was sorbed. When all the oxygen was used 
up, a little more carbon dioxide was liberated as a secondary process. The rate of 
liberation steadily diminished, ultimately leaving a stable film. 

The primary liberation may be due either to interaction of gaseous or physically sorbed 
oxygen with the uncovered surface of the diamond, or to decomposition of the oxide film. 
To decide between these possible mechanisms, successive equal admissions of gaseous 
oxygen were made. Oxygen pressure, carbon dioxide pressure, and amount of film were 
measured simultaneously, as functions of time. Between each admission the film was 
allowed to attain a stable state until no carbon dioxide was evolved. The sorption of 
oxygen decreased in velocity after each admission. Thus more and more gaseous oxygen 
remained at any time, ¢, after each admissiofi; and less and less newly-formed film was 
present at the same time. If the carbon dioxide liberation depends on the gaseous oxygen 
pressure, the amount liberated in time ¢ will increase with every admission of oxygen. If 


Fic. 3. Fic. 4. 
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it depends on freshly-formed film, the amount will decrease with every admission. Always 
when the pressure of oxygen, the amount of freshly formed film, and the amount of carbon 
dioxide were plotted as functions of time, the carbon dioxide yield was observed to be 
increased by decrease in the rate of oxygen sorption. Therefore, this primary process 
involves the gaseous oxygen and not the newly-formed film. But the formation of carbon 
dioxide may involve gaseous oxygen and bare surface, or gaseous oxygen and oxide film. 
The two mechanisms give two reaction expressions : 


(dp/dt)oo, = kPo,(1 — 9) (dp /dt)oo, = *ibo,® 
where 6, the fraction of surface covered, is equal to a(amount of film). In both cases 
(dp/dt)oo,/Po, should be a linear function of the amount of film formed, in the former case 
decreasing as 9 increases, and in the latter case increasing. Fig. 3 shows some graphs of 
(dp/dt)yo,/Po, plotted against the amount of film formed. The carbon dioxide form- 
ation is poisoned by film formation, so that the reaction which primarily liberates carbon 
dioxide is one between gaseous or physically sorbed oxygen and diamond surface free from . 
chemisorbed oxygen. The poisoning effect is a linear function of 6, over not too wide a 
range in the value of 6. When these graphs are extrapolated back to zero film the inter- 
cepts on the ordinate are the values of k in the equation (dp/dt)o9, = Rpo,(1 — 9). Fig. 4 
shows that & diminishes steadily as the amount of film formed increases. Thus those parts 
which would most easily evolve carbon dioxide are those which most readily sorb oxygen. 
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This is in agreement with the supposition that the most active centres in both processes are 
the most exposed surfaces. From the graphs of Fig. 4 it was possible to obtain a consistent 
set of temperatures coefficients for k, over a narrow range of film formation, viz., 0-235— 
0-280 c.c. of oxygen per 2 g. of diamond (Table II). The graphs of Fig. 4 at 353° and 370° 


TABLE II. 


Apparent Apparent 

Amount of _ energy of Amount of _ energy of 

Temp. Temp. film (c.c. activation Temp. Temp. film (c.c. activation 

range. coeff. at N.T.P.). (kg.-cals.). range. coeff. at N.T.P.). (kg.-cals.). 
353—268° 16°5 0°235 22°2 353—268° 14:8 0-280 21°5 
353—244 26°4 - —— 353—244 27°3 ” 19°6 
353—278 10°0 ” 21°2 353—278 88 ” 20°0 


show, however, that the temperature coefficients steadily increase over an extended 
increase in the amount of film. Thus the apparent energies recorded in Table II are 
correct only in the range 0-235—0-280 c.c. at N.T.P. 

It was observed that, in addition to the primary burst of carbon dioxide, the film 
decomposed, though more and more slowly, when no gaseous oxygen remained. This 
secondary liberation of carbon dioxide increases in velocity as the temperature increases, 
becoming important at high temperatures (600—830°) as the primary process in film 
decomposition. 

The result indicates that a very small fraction of the oxide itself is not stable, and 
decomposes preferentially, at quite low temperatures (ca. 300°), leaving a stable film. 
About 5% of the film decomposes in this way at 300°, compared with about 80% of the 
film at 800°. At the higher temperature secondary reactions also occur which will be 
discussed later. 

Film Decomposition at High Temperatures.—The composition of the gas was studied 
at various temperatures between 330° and 820° to find how it varied with time and with 
successive desorptions, and whether any approach was made to the equilibrium value for 


C-CO-CO,. Each successive quantity of gas desorbed (at pressures of 10 to 10° cm.) 
gave a greater and greater carbon monoxide content, and a desorption rate which decreased 
more rapidly than the amount of oxide film. Table III summarises these results. 


TABLE III. 


0-470 C.c. at N.T.P. per 2 g. of diamond. Temp. 333°. 
Composition, %. 





Desorption Timeallowed Residual film, Press. developed - 
No. (mins.). c.c. at N.T.P. x 10° (cm.). co. 


0°453 72 59 

1°85 67°6 

2°23 7178 

3°10 91°9 

143 95°1 
The equilibrium values for the system C(diamond) + CO, => 2CO were calculated as 

follows : 
(a) C(graphite) + CO, == 2CO; K’, = [CO}*/[CO,] 
AF ,® = 40910 — 4-97 . log ¢ + 0-004557? — 0-0,51T% — 12-667. 
(6) C(diamond) —-> C(graphite) 
AF,° = AH —T.AS; AH = 260 cals.*; AS = — 0-6 cal./deg.* 

(c) AF,° = AF,° + AF,°; AF,° = — RT . log K,; K,(diamond) = [CO]?/[CO,). 
From these three expressions, one calculates the following typical values of K, and K’,: 


RR | einsendectarpeugiipscisvgnashe 333° 660° 810° 
K,(diamond) 1-41 x 10°* 2°63 x 10° 63 
1:78 x 10% 4:2 x lo 11-2 
* Values from Lewis and Randall, ‘‘ Thermodynamics.” Later work of Rossini (Bur. Stand. J. 
Res., 1934, 18, 21) indicates a very similar figure for AH of 220 + 70 cals. 
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All pressures are expressed in atmospheres. Over diamond the equilibrium gas is richer 
in carbon dioxide at high pressure (1 atm.) but poorer in carbon dioxide at low pressure, as 
compared with graphite. To determine the actual compositions at equilibrium the 
quadratic equation derived from the relations 


[CO}*/[CO,] = K,; [CO] + [CO,] = total pressure 


was solved for each case. Table IV shows the variation in composition of the gas samples 
desorbed, and a comparison with the equilibrium values. Thus the trend at 330° noted 


TABLE IV. 
Actual composition, %. Composition at equilm., %. 
Time Total press. r ~ a 
Temp. (mins.). (cm.) x 10°, co. CO,. Co. CO,. 
333° 900 7:2 59-0 41-0 11 89 
660 40 19°65 77°4 22°6 99°89 0°105 
810 40 266°0 89°5 10°5 99°95 0°05 
823 800 123-0 94-8 5:2 99°978 0°022 
823 1400 22°5 98°8 1-2 99-9978 0:0022 





in Table III is away from the equilibrium value, whilst at higher temperatures it was toward 
this. In all cases, however, the trend is simply towards a carbon monoxide-rich gas phase 
and has probably nothing to do with the establishment of equilibrium. The monoxide 
may have its origin by direct decomposition of surface oxide. Also, however, by an inde- 
pendent set of experiments it was shown that carbon dioxide is reduced at diamond surfaces 
to carbon monoxide. Even when liquid air is used to condense carbon dioxide as soon as 
it is formed, there is an appreciable period during diffusion of the dioxide through the 
powder when it continually encounters the reducing medium. The ratios of CO: CO, in 
the resultant gas are then governed simply by the relative velocities of the reactions : 


(i) >CO(chemisorbed) —~+ CO(gas) 
... { >CO,(chemisorbed) ——> CO,(gas) 
(i)) ~ CO, (gas) + C(diamond) ——> 2CO(gas). 


The Reduction of Carbon Dioxide by Diamond.—A quantity of carbon dioxide was 
admitted to the diamond, at a pressure of 10™* cm., and the carbon monoxide and dioxide 
content measured as a function of time. The surfaces on which the carbon dioxide decom- 
posed were less than 10% covered with oxide film, so that, @ being small, (1 — 6) was 
nearly unity and reduction on a simple surface should follow a law — (dp/dt)oo, = Rpgo,. 
It was found, however, that d(log p)/d¢ decreased as the reaction proceeded, and that the 
temperature coefficient increased correspondingly. Thus Table V shows the time (in mins.) 
of }, 4, and % decomposition of carbon dioxide, at initial pressures of 15 x 10 cm., at 
various temperatures. 

TABLE V. 
720° 830° 690° 737° 
8°5 1°5 25°0 6°0 
35°0 30 95°0 24:0 
72°0 4°5 210°0 53°0 

The values of log#,,, plotted against 1/T (JT = absolute temperature) give graphs 
(Fig. 5) whose slope is £/2-303R. The values of E are respectively 54, 50, and 45 kg.-cals., 
when calculated from the %, 4, and } lines. 

There are two possible modes of reduction of the carbon dioxide : 


(a) C(diamond) + CO,» CO(adsorbed) + CO(gas) 
(6) C(diamond) + CO, —~> 2CO(gas). 
In Fig. 6 the full curve II shows the actual carbon monoxide content of the gas asa function ° 
of time, while the dotted curves III and I show the theoretical content according to the 
two mechanisms given above. It is apparent the mechanism is that indicated by (6). 
The experimental curve usually lies between the two calculated curves, however, showing 
that a small part of the oxygen is retained as a film. 
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Reaction of Carbon Monoxide with Diamond.—This film may be formed by transference 
of an oxygen atom from the carbon dioxide at the instant of reaction or by subsequent 
chemisorption of carbon monoxide. To test this, the diamond (2 g.) was thoroughly 


Fic. 5. 
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out-gassed at 830°, and carbon monoxide at that temperature admitted. A very slight 
sorption ensued, as indicated by the following figures : 


Press. X 108 (cm.) ... 23°0 22°2 22:1 21°9 21°8 21-2 21-0 
Time (mins.) ............ 0 15 3°0 5-0 80 16°0 24°0 
C.c. sorbed x 10° 2°8 3°15 3°65 4°20 5°30 7:00 


This sorption, although very small even at 830°, is sufficient to cover the difference 
between the experimental curve of Fig. 6 and the curves indicated by (8). 


DISCUSSION. 


It has been noted that, although oxygen appears to penetrate into diamond, hydrogen 
attack is confined mainly to certain specific parts. Further discussion of this is desirable, 
with a view to giving reasons for this difference. The diamond powder before out-gassing 
is regarded as being covered on internal and external surfaces by a chemisorbed oxygen 
layer. When out-gassing proceeds, oxygen from external surfaces is lost as oxides of carbon. 
There is produced a two-dimensional concentration gradient, and at high temperatures the 
chemisorbed oxygen in the interior migrates towards the exterior. Under any normal 
condition of out-gassing, this process is never completed, but by out-gassing at similar tem- 
peratures for a given time the same condition of the external surfaces is producible more 
or less indefinitely. Hydrogen is chemisorbed on vacant spaces on external surfaces, 
forming C-H bonds. This hydride undergoes no marked lateral migration down slip- 
planes because available spaces in the interior are increasingly covered with an oxide layer 
chemically inert to hydrogen, as demonstrated experimentally, which blocks the diffusion 
process. The additional assumption must be made that hydrogen in surface hydride is 
less mobile than oxygen in at least one type of surface oxide, because in oxygen sorption 
after out-gassing penetration occurs, though with a rapidly increasing apparent energy of 
activation, and an isobaric quantity-temperature curve which increases rapidly with 
temperature and cannot represent an equilibrium condition. A suggestive mechanism 
for diffusion is as follows. The film formed is initially a dioxide or peroxide, on external 
parts of the surface. The oxygen is passed on, all or in part, to other less exposed carbon 
atoms and so diffuses inwards. This relatively unstable oxide tends to decompose into the 
more stable atomic monolayer of the type postulated by Langmuir (J. Amer. Chem. Soc., 
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1915, 37, 1139), which is very hard to desorb and relatively immobile. It is the latter film 
which remains on parts of the carbon surface even after prolonged out-gassing at 830°. 

All the chemical facts observed in oxygen—carbon oxide—diamond systems are explained 
by the following processes: a chemisorption of oxygen; a primary interaction between 
oxygen (either gaseous, or physically sorbed) and bare carbon surface, giving carbon 
dioxide ; a decomposition of oxide film into carbon dioxide, and possibly simultaneously 
into carbon monoxide; a reduction of carbon dioxide to carbon monoxide; and a slight 
chemisorption of carbon monoxide. Each process commences in its appropriate tem- 
perature zone, but at high temperatures all occur simultaneously. Analysis is only possible 
by studying as wide a range of temperatures as possible, and working at low pressures. 
It is a characteristic of the observable processes that the apparent energy of activation 
increases with increased covering of the surface by oxide, or as the reaction proceeds 
towards completion. 

There are analogies between reactions with diamond and reactions with graphite or 
charcoal, but there are also certain differences. Langmuir (loc. cit.) found that, when 
carbon dioxide was reduced by graphite filaments, the reaction was CO, + C(graphite) —> 
CO(adsorbed) + CO(gas). In this paper it has been found that the reaction with 
diamond is mainly CO, + C(diamond) —-> 2CO(gas). 

The apparent energy of activation is also larger for the reaction on diamond. Mayers 
(ibid., 1934, 56, 70), also working at low pressures, gives E(app.) = 38—32 kg.-cals. for 
graphite compared with 54—45 kg.-cals. on diamond. On diamond also, we have 
observed two primary processes for production of oxides of carbon: >C + O,(gas) —> 
CO,(gas) at low temperatures (370° upwards), and breakdown of surface oxides at high 
temperatures (about 600° upwards). Graphite also gives these reactions, but two 
additional processes have been reported by Lothar Meyer (Z. physikal. Chem., 1932, B, 
17, 385), viz., 


4C + 30, —> 2CO + 2CO, (below 1300°; E = 20—30 kg.-cals.) 
3C + 20, —> 2CO + CO, (above 1500°; E = 90 kg.-cals.) 


which have so far no counterpart in the oxidation of diamond. Neither graphite nor 
diamond chemisorbs carbon monoxide to a marked extent. 


SUMMARY. 


1, The sorption of oxygen by diamond is nearly all physical at — 78°. A slight chemi- 
sorption is superposed. From 0° to 144° the oxygen is chemisorbed, but no oxides of carbon 
liberated. The surface involved is much greater than that involved in physical sorption 
of oxygen, or chemisorption of hydrogen. The apparent energy increases rapidly (from 4-3 
to 20 kg.-cals., as the amount sorbed increases from 0-035 to 0-093 c.c. at N.T.P.). 

2. From 244° to 370° pure carbon dioxide is liberated by interaction between gaseous 
or’ physically sorbed oxygen and uncovered diamond surface. The poisoning effect of 
oxide film has been clearly demonstrated. The apparent energy of activation was ca. 20 
cals. at small oxide coverings of the surface, but increased as the amount of surface oxide 
increased. The amount of primary carbon dioxide formed was slight compared with the 
amount of oxygen chemisorbed. ‘ 

3. At higher temperatures the oxide film commences to decompose into a mixture of 
carbon oxides. The carbon monoxide and dioxide content did not always approach the 
thermodynamic equilibrium value, but tended always to become richer in monoxide. 
This was ascribed to a primary decomposition into dioxide of continually decreasing 
velocity, followed by reduction of the dicxide at the diamond surface. The ratio CO: CO, 
is conditioned by the relative velocities of the two reactions. 

4, The reduction of carbon dioxide was studied, and found to be of the same retarded 
type observed for primary tarbon dioxide liberation and for oxygen sorption. The tem- 
perature coefficient increased as the reaction proceeded. Starting with 15 x 10° cm. 
pressure, the energies calculated from the times of }, 4, and $% decomposition were 45, 50, 
and 54 kg.-cals. The reaction proceeded principally through the mechanism CO, + 
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C(solid) —+ 2CO(gas). A ‘little monoxide was retained as adsorbed film. Gaseous 
carbon monoxide reacted very slightly with diamond at 830°. 

5. The similarities to and differences from the corresponding graphite systems have 
been indicated. From previous work on hydrogen-graphite systems and the present work, 
two types of active centres are suggested—one due to material of variable C—C distances, 
and one to differences in accessibility of surface available for physical sorption, and of 
internal surfaces. 


I thank Professor E. K. Rideal, F.R.S., for his interest and encouragement; and also 
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270. The Absorption Spectrum of Cobalt Chloride in Presence of 
Magnesium Chloride in Aqueous Solution. 


By O. Ruys HowELt and ALBERT JACKSON. 


THE absorption spectra of a number of cobaltous compounds, both solid and in solution, 
have been measured (Hill and Howell, Phil. Mag., 1924, 48, 833), and, from the known 
crystal structure of several of these, it was suggested that the colour both of the crystal and 
of the solution is determined by the number of atoms or groups surrounding the cobalt 
atom : with four, the colour is blue; with six, itisred. The crystal structures of a number 
of compounds then examined have since beeh determined and have confirmed the hypo- 
thesis (see Ann. Reports, 1927, 24, 288). 

The change in colour from red to blue of aqueous cobalt chloride solution with increasing 
concentration of hydrochloric acid has been examined by measuring the change of density 
and viscosity (Howell, J., 1927, 158), refractive index and surface tension (idem, p. 2039), 
and electrical conductivity (idem, p. 2843). The discontinuities in the change of these 
physical properties showed that a radical change in the solution occurred at a concentration 
of 5N-acid and that this change was almost complete at 9N. 

The same transition from red to blue has recently been followed by measuring the 
absorption spectra of a series of solutions containing the same amount of cobalt with in- 
creasing concentration of hydrochloric acid (Howell and Jackson, Proc. Roy. Soc., 1933, 
A, 142, 587). For each of the four bands 6950, 6660, 6260, and 6100 A., the extinction co- 
efficient remains practically zero until the concentration of acid reaches 5-0N. No blue 
constituent, therefore, is formed over this wide range. The extinction coefficient then 
increases rapidly with increasing concentration of acid and the relation becomes linear at 
7:1N. For the two principal bands, 6950 and 6660 A., the linear relation ceases abruptly 
at 9-ON, and thereafter the extinction coefficient remains unchanged. The ratio of the 
number of chlorine ions to water molecules in the solution at these three critical concen- 
trations of acid is 2: 3:4, and the transition from red to blue is therefore represented as 


follows : 
[Co(H0) 4)” —-» [CoCl,(H,0),] —» {CoCl,(H,O)]’ —> [CoC1,}” 
Stage I. Stage II. Stage ITT. 


For the two subsidiary bands, 6260 and 6100 A., the linear relation between the extinc- 
tion coefficient and the concentration of acid also ceases at 9-ON, but the extinction co- 
efficient continues to increase; it'reaches a constant value for the 6260 A. band and, at 
still higher concentration of acid, approaches a constant value for the 6100 A. band. This 
is attributed to depression of ionisation of the complex by increasing concentration of 
hydrogen ion, only the two auxiliary valencies being thus affected. 

From measurements of the absorption spectra with various amounts of cobalt in the 
same concentration of acid, it was shown that the molecular association of the cobalt atom 





Cobalt Chloride in Presence of Magnesium Chloride, etc. 1269 


is determined only by its environment and is independent of its concentration relative to 
that of the other constituents. 

Further, it has been shown (Howell and Jackson, Proc. Roy. Soc., 1936, A, 155, 33) 
that, for any given concentration of acid, the extent of the transformation is small even over 
a wide range of temperature. There may appear to the eye a complete change from red 
to blue, but this is due to the fact that the absorption of the blue form is over 90 times as 
great as that ofthered. By using a series of solutions with different concentrations of acid, 
the complete change was examined and found to follow the same course as with increasing 
concentration of acid at constant temperature. The fact that over the final stage the 
extinction coefficient is a linear function of the temperature again shows that the molecular 
association is not the result of simple mass action; at constant temperatr’ze it is determined 
by the relative numbers of chlorine ions and water molecules in solution, and the effect of 
temperature is probably due to the change in their relative kinetic energies. 

The change in colour of cobalt solutions on addition of salts has long been known, but 
most of the observations have been qualitative and the mechanism of the change has not 
been satisfactorily elucidated. It was therefore deemed of interest to examine the change 
in colour of cobalt chloride solution on addition of magnesium chloride in the same manner 
as already described for the addition of hydrochloric acid. 


EXPERIMENTAL. 


Solutions.—As in the investigation with hydrochloric acid, a concentration of 12 g./l. of 
CoCl,,6H,O was employed. Kahlbaum’s pure salt, free from iron and nickel, was used. Two 
solutions were prepared, one in pure water and one in magnesium chloride solution containing 
1000 g. of MgCl,,6H,O perl. A series of intermediate solutions, all containing the same concen- 
tration of cobalt but varying amounts of magnesium chloride, were prepared by taking + c.c. of 
one of these and 100 — * c.c. of the other, both at 18°, mixing and making up to 100 c.c. with 


water. 
Fic. 1. 





16 








SS 





Extinction coefficient. 
& 





aj 


IT 
7500 7000 6000 5500 5000 =— 4500 4000 
Wave-length, A. 
I. Concentration of MgCl,,6H,O: 1000 g./?. Scale: as shown. 
II. Concentration of MgCl,,6H,O: 700 ¢./. Scale: x by 0°04. 
III. Concentration of MgCl,,6H,O : Og./i. Scale: x by 0°02. 





























An exactly similar series of solutions was prepared from water and a solution of 1000 g./I. 
of MgCl,,6H,O only, for use as compensating blanks in the other beam. 
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Concentrations were checked by titration against standard silver nitrate solution. 

Apparatus.—All measurements were made with the latest model of the Hilger—Nutting 
spectrophotometer. Readings were taken every 50 A. from 7200 to 4200 A. The accurately 
ground cells used for the previous investigations were again employed, and were immersed in the 
special thermostat already described. The working temperature was 20° + 0-01°. 

Results.—The values of the Bunsen extinction coefficient were plotted against the wave- 
length for each solution. Typical curves for the wholly red, a partly blue, and the bluest solution 
obtained are shown in Fig. 1. 

There are four pronounced band maxima for the blue form. The exact positions depend 
slightly on the composition of the solution as well as on the interval reading. For the wholly 
blue solution in concentrated hydrochloric acid, they are at 6950, 6660, 6260, and 6100 A. (com- 
pare Brode, Proc. Roy. Soc., 1928, A, 118, 286) and are so designated throughout. 

The values of the extinction coefficient at each of these maxima were read from the curves 
and are given for each concentration of magnesium chloride in Table I. They are plotted against 
the concentration of magnesium chloride in Fig. 2. 
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Since the intensity of the blue form is so great compared with that of the red, its absorption 
in the neighbourhood of the maximum of the red form, although only a very small fraction of 
the absorption at its own maxima, is very great compared with the maximum absorption of the 
red form. To allow for it would involve an excessively great correction. The change in the 
absorption of the red form cannot therefore be followed with accuracy, and attention is confined 
to that of the blue. 
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TABLE I, 


Thick- Bunsen extinction Thick- Bunsen extinction 

ness of coefficient. ness of coefficient. 

layer, MgCl,,6H,O, 6950 6660 6260 6100 layer, MgCl,,6H,O, 6950 6660 6260 
cm, g. /l. A. A. A. A. cm. g. /1. A. A. A. 

{ 0 0-01 002 002 0°02 0°50 850°0 3°52 3:39 2°37 
250°0 001 OO1 O01 O01 875-0 4°74 4659 3°06 
400°0 0-02 O03 003 0°03 0-25 900-0 590 569 3°74 
500°0 006 O07 006 0°06 925-0 760 7:20 # £56:10 

‘9 
0 


10°0 


5:0 
6000 0:07 0:09 010 0-10 {950-0 05 615 

2-5 {7000 046 045 032 0-18 010 1 9750 119 113 6°65 
750°0 0°85 0°84 060 0°44 | 1000 150 135 865 
8000 1:72 1-72 1:27 0-85 


DISCUSSION. 


The curves of the extinction coefficient against the concentration of magnesium chloride 
are exactly similar to those obtained with increasing concentration of hydrochloric acid 
except that, owing to the limited solubility of magnesium chloride, the transformation 
cannot be taken to completion. 

Until a very considerable concentration of magnesium chloride is reached (575 g. 
MgCl,,6H,O/1.), no blue constituent is formed. As in the case of increasing concentration 
of hydrochloric acid over this initial range, however, it is evident, from the appearance of 
the solution and the greater ease with which it changes colour on warming, that some change 
in the association of the cobalt atom has occurred. Since this is not accompanied by change 
of colour, the cobalt atom retains its six-grouping and the change consists in the replacement 
of two of the six water molecules by two chlorine atoms as in stage I. 

With further increasing concentration of magnesium chloride, the curves begin to rise 
sharply and soon become linear. The linear portion on projection strikes the axis of 
concentration at 835 g. MgCl,,6H,O/l. Over this range, therefore, the six-grouping is 
replaced by a four-grouping, and it will be seen that, as with increasing concentration of 
hydrochloric acid, the change consists in the introduction of a third atom of chlorine 
(stage IT). 

As already stated, the end of the third range is not reached because a sufficient con- 
centration of chloride ions could not be attained. Thus for the 6950 A. band the extinction 
coefficient with 1000 g. MgCl,,6H,O/l1. is only about 15, whereas the value for the completed 
change with hydrochloric acid is 22-0. Even with this great concentration of magnesium 
chloride, therefore, the change to the blue form is only about 68% complete. It is hoped 
later to examine the change at higher temperatures; it will doubtless then be possible to 
reach the constant limiting value for the extinction coefficient as with increasing 
concentration of hydrochloric acid. 

The ratios of the number of chlorine atoms to water molecules are worked out in Table 
II for the two critical solutions ; these ratios, viz., 0-110 and 0-166, are very similar to those 
for the corresponding critical concentrations with hydrochloric acid, viz., 0-100 and 0-149. 


TABLE II. 


Conc. of MgCl,,6H,0, g./l. 835-0. 


Normality of Cl: 
(a) From MgCl, 
(b) From CoCl, 
FORBL, Z.-BOMS/l.  ....cvcencsensppsegescocsccooces 
Concn. of H,O: 
Wt. of 100 c.c. of Solution, g. .........scerceeceeeeeeeeeeeee 120°5 
vo =—»-s MgC, prepemt, g.  a..c.ccsccceccccccccrcceccevoncccoes 26°9 
» CoC, present, g. 0°65 
ai FIO) BEORGRt, B. occercccvrccossosesssocerocnccscsepsese 92-9 
Concn. of H,O, g.-mols. /l...........ceceeseeseereeees 51°6 


(Cl) /[H,0] 


Ratios of Cl atoms in the complexes 
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The relative concentration of chlorine atoms, viz., 2 : 3, is the same in both instances, and 
it is also the ratio of the number of chlorine atoms in the postulated complexes. It is 
clear therefore that the change of colour caused by the addition of magnesium chloride 
follows precisely the same course and is due to the same cause as that resulting from 
addition of hydrochloric acid. 

The presence of a complex anion, either [CoCl,]’ or [CoCl,]’’, in aqueous solutions of 
cobalt chloride with hydrochloric acid was demonstrated by Donnan and Bassett (J., 1902, 
81, 939). The course of the colour change as elucidated by the spectroscopic and other 
physical measurements of Howell (see above) shows that in the blue solutions the cobalt 
is surrounded by four groups. Other spectroscopic measurements (Job, Compt. rend., 
1933, 196, 181), the diffusion constant of cobalt chloride in hydrochloric acid solution 
(Rona, Z. physikal. Chem., 1920, 95, 62), and the density and viscosity of acid cobalt chloride 
solutions (Yajnik and Uberoy, J. Amer. Chem. Soc., 1924, 46, 802) confirm this view. 

The final state of the cobalt atom on addition of magnesium chloride to cobalt chloride 
solution is doubtless also [CoCl,}’’, but the explanation of the colour change suggested by 
previous workers is either incomplete or incorrect. Benrath (Z. anorg. Chem., 1907, 54, 
328), from observations of the elevation of the boiling point, concluded that it is due to 
dehydration. Hantzsch and Schlegel (1bid., 1927, 159, 273) failed to observe the complexity 
of the change, and account for the transformation on addition either of magnesium chloride 
or of hydrochloric acid by the conversion of the hexahydrate into dihydrate through the 
water-extracting action of the added substance. Denham and Pennycuick (J. Amer. 
Chem, Soc., 1923, 45, 1353) explain the results of their potential measurements on solutions 
of cobalt chloride in presence of various metallic chlorides in terms of the depression of the 
concentration of cobalt ions. Bassett and Croucher (J., 1930, 1784), from a phase-rule 
study of the system cobalt chloride-magnesium chloride—water, showed the existence of 
the compound CoCl,,MgCl,,8H,O. After discussing various possible constitutions for this 
compound, they select [Mg{(H,O),},]"[CoCl,]” in conformity with the views of Sidgwick 
(‘‘ The Electronic Theory of Valency,” 1927, 198) on the hydration of magnesium. Since 
the compound is blue and the cobalt atom is in association with four chlorine atoms, this 
structure is in accord with our theory, as also is that of the blue salts of organic bases 
R,[CoCl,] (R = pyridinium, quinolinium, or quinaldinium) prepared by Percival and Ward- 
law (J., 1929, 1505) and quoted by Bassett in support of the suggested constitution. 

It is evident, however, from the present investigation that the blue colour of the solution 
cannot be attributed to the presence of this compound. The curves show no discontinuity 
at the composition corresponding to the compound; indeed, no blue compound is formed 
until the concentration of magnesium is about 56 times as great. That molecular associ- 
ation in solution may be different from that in the solid separating from it has been shown by 
a study of the systems of phenol with water, m-cresol, aniline, or ~-toluidine (Howell, 
Proc. Roy. Soc., 1932, A, 187,418; Trans. Faraday Soc., 1932, 28, 912; Howell and Hand- 
ford, ibid., 1933, 29, 640; Howell and Willis Jackson, Proc. Roy. Soc., 1934, A, 145, 539). 

Bassett’s claim that it is ‘‘ extremely difficult to interpret any physical measurements, 
whether spectroscopic or otherwise, made on the actual solutions ”’ but that “ from the 
nature of the solids which separate, more or less reasonable deductions may be made as to 
the ions or molecules present in the solutions ”’ is therefore hardly justified. In opposition 
to our general theory, Bassett gives suggested constitutions for blue ions with six co-ordin- 
ated groups and for red ions with four co-ordinated groups, but there is a complete absence 
of any evidence for their existence. 

SUMMARY. 


1. The absorption spectra of a series of solutions containing a fixed amount of cobalt 
chloride (12 g. CoCl,,6H,O/1.) with increasing concentration of magnesium chloride have 
been measured at 20° and plotted. 

2. The extinction coefficients at the maxima of the four chief bands, 6950, 6660, 6260, 
and 6100 A., have been plotted against the concentration of magnesium chloride. 

3. These curves show that no blue constituent is formed until a critical concentration 
of magnesium chloride (575 g. MgCl,,6H,O/1.) is reached. 
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4. The amount of the blue constituent then increases rapidly with increasing 
concentration of magnesium chloride, and the relation becomes linear at a concentration 
of 835 g. MgCl,,6H,O/1. 

5. The ratio of the relative number of chlorine atoms to water molecules in solution at 
these critical concentrations of magnesium chloride is 2 : 3. 

6. The mechanism of the change is therefore precisely similar to that caused by addition 
of hydrochloric acid to cobalt chloride solution : 

[Co(H,O),.]°° —-> [Co(H,O),Cl,] —-> [Co(H,O)Cl,]’. 

7. The completion of the last stage, yielding [CoCI,]”, is not reached because the ratio 
of chlorine atoms to water molecules is insufficient even in the most concentrated magnesium 
chloride solution. 


Tue COLLEGE oF TECHNOLOGY, MANCHESTER. [Received, June 16th, 1936.] 





271. The Benzoylation of as-Phenylethylurea. 
By EpwarpD N. ABRAHART. 


ATTEMPTs to prepare a benzoyl derivative of as-phenylethylurea (Gebhardt, Ber., 1884, 
17, 2095) by the action of phenylethylcarbamyl chloride upon benzamide (cf. acylation of 
benzamide, Titherley, J., 1904, 85, 1684) have proved fruitless, the following reaction taking 
place : 


NPhEt-COCI + Ph:CO‘NH, —> NHPhEt,HCl + CO, + PhCN 


The benzoyl derivative has, however, been obtained by the action of benzoyl chloride 
on the urea in pyridine solution at the ordinary temperature. In the preparation of the 
p-nitrobenzoyl derivative under similar conditions, a small quantity of cyanuric acid 
was produced. 

The action of benzoyl chloride upon as-phenylethylurea at 100° leads to the production 


of cyanuric acid, N-ethylbenzanilide, and hydrogen chloride: 
3NPhEt-CO:NH, + 3Ph-COCI = 3Ph°CO-NPhEt + C,H,0,N, + 3HCl 


as-Phenylethylurea was prepared in quantitative yield by the action of dry ammonia 
on phenylethylcarbamyl chloride in benzene or other suitable solvent at the ordinary 
temperature and was more readily purified than that obtained by Gebhardt’s method 
(loc. cét.). 

EXPERIMENTAL. 

The Action of Phenylethylcarbamyl Chloride on Benzamide.—An intimate mixture of phenyl- 
ethylcarbamy] chloride (4-5 g.) and benzamide (3-8 g.) was heated during 2} hours at 180—200°. 
Benzonitrile (1-2 g.) distilled over and there remained a red oil, which yielded ethylaniline hydro- 
chloride (2 g.) when it was extracted with a little cold acetone. 

When the operation was carried out at 110—120° in the presence of pyridine or anhydrous 
sodium carbonate, the ethylaniline reacted with unchanged phenylethylcarbamyl chloride, 
giving NN’-diphenyl-NN’-diethylurea, which crystallised from light petroleum in lustrous 
prisms, m. p. and mixed m. p. 74°. Michler (Ber., 1876, 9, 712) gives m. p. 79° and Gradmann 
(ibid., p. 1913) m. p. 70°. 

as-Phenylethylurea.—Dry ammonia was led into a solution of phenylethylcarbamy] chloride 
(15 g.) in a mixture of benzene (50 c.c.) and absolute alcohol (20 c.c.) until no more ammonium 
chloride was deposited. After some time the solution was filtered, the filtrate evaporated, 
and the syrupy residue extracted with benzene; on evaporation the filtered extract gave a 
faintly brown syrup, which crystallised in plates (14-5 g.), m. p. 60°, in a vacuum after 24 hours. 
Gebhardt (loc. cit.) gives m. p. 62°. 

The Action of Benzoyl Chloride on as-Phenylethylurea.—A solution of the urea (2 g.) in benzoyl 
chloride (2-2 g.) was heated on the water-bath for 30 minutes, hydrogen chloride being evolved 
and a colourless solid deposited. This, after being washed with light petroleum, crystallised 
from hot water in characteristic prisms, identical in properties with cyanuric acid. The light 
petroleum extract was evaporated, and the unchanged benzoyl chloride decomposed with cold 
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sodium carbonate solution. A small quantity of oil remained undissolved and after extraction 
with ether crystallised in small plates, m. p. 52°, and 51—52° in admixture with authentic 
N-ethylbenzanilide. 

as-Phenylethylbenzoylurea.—Benzoyl chloride (1-8 g.) was dropped, with stirring, into a 
solution of as-phenylethylurea (2 g.) in anhydrous pyridine (4 c.c.) at the ordinary temperature. 
After 2 hours, the mixture was warmed on the water-bath for 15 minutes, and water (20 c.c.) 
added; the oily precipitate, which rapidly solidified, was washed with dilute hydrochloric acid 
and crystallised from hot alcohol, forming long needles (2 g.), m. p. 121° [Found: N (Kjeldahl), 
10-2. C,,H,,0,N, requires N, 10-45%]. 

as-Phenylethyl-p-nitrobenzoylurea.—A mixture of p-nitrobenzoyl chloride (2-0 g.), as-phenyl- 
ethylurea (2 g.), and anhydrous pyridine was maintained at 60—80° for 1 hour, water (20 c.c.) 
added, and the precipitated solid dtied and extracted with benzene. The aqueous solution 
yielded a small quantity of cyanuric acid on evaporation. The benzene solution gave a glue- 
like residue, which solidified when stirred with light petroleum. By systematic crystallisation 
from ether, in which the material was moderately easily soluble, two substances were finally 
isolated. The less soluble compound crystallised in long needles, m. p. 175°, and was as-phenyl- 
ethyl-p-nitrobenzoylurea (Found: N, 13-6. C,,H,,0,N, requires N, 13-4%). The mother- 
liquors gave well-defined, pale yellow prisms, m. p., after several crystallisations from alcohol, 
119°, not depressed by N-ethyl-p-nitrobenzanilide (Found: C, 66-2; H, 53. Calc. for 
C,,;H,,O,N,: C, 66-6; H, 5-2%). 

The same three products were obtained when the reaction was carried out at the ordinary 
temperature. 


The author’s thanks are accorded to Professor F. S. Kipping, F.R.S., for his kind interest 
in this work, and to Imperial Chemical Industries, Ltd., for a grant. 


UNIVERSITY COLLEGE, NOTTINGHAM. (Received, May lst, 1936. 





272. Studies in the Sterol Growp. Part XXVI. 
7-Methylenecholesterol. 


By B. Bann, I. M. HEILBRON, and F. S. SPRING. 


ERGOSTEROL (I, R = CHMe-CH:CH-CHMe-CHMe,) and 22-dihydroergosterol (I, R = 
CHMe-CH,°CH,-CHMe-CHMe,) (Windaus and Langer, Amnalen, 1933, 508, 105) are both 
converted into antirachitic products on irradiation with ultra-violet light. It is therefore 
justifiable to assume that the necessary condition to be fulfilled in order that a sterol should 
be a provitamin-D is that it shall contain a system of conjugated ethylenic linkages at 
C;—C, and C,—C,. The initial object of this investigation was to prepare and examine 
sterols having this unsaturated grouping, such as 7-dehydrocholestero] (II). Windaus, 
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Lettré, and Schenck (Annalen, 1935, 520, 98) have, however, anticipated us with a descrip- 
tion of (II), which was found to give a highly antirachitic product on irradiation with ultra- 
violet light. ‘We have consequently directed our attention to a study of an alternative 
method for the introduction of an unsaturated centre in cholesterol between C, and Cg. 

Treatment of 7-ketocholesteryl acetate with 3 mols. of methylmagnesium iodide gives 
7-hydroxy-7-methylcholesterol (III), m. p. 165°, characterised by its 3-monobenzoate, m. p. 
175°, and its 3-monoacetate, m. p. 164°. Sublimation of the monobenzoate in high vacuum 
gives 7-methylenecholesteryl benzoate (IV; R = COPh), m. p. 141°, also obtained by dehydr- 


ation of the diolmonobenzoate by means of f-toluenesulphony] chloride and by the Darzens 
method (Compt. rend., 1911, 152, 1601). Hydrolysis of 7-methylenecholesteryl benzoate 
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gives 7-methylenecholesterol (IV; R =H), m. p. 85° (3 : 5-dinitrobenzoate, m. p. 162°; 
acetate, m. p. 62—64°), which shows a well-defined inflexion at 2360 A. (log « = 4-3); its 
constitution was confirmed by ozonolysis, formaldehyde being obtained. As we antici- 
pated, irradiated 7-methylenecholesterol is antirachitically inactive when fed to rats in 
daily doses of 4-7 y. 
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(III.) Pan 
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7-Methylenecholesterol can be isolated directly from the mother-liquors of (III), and also 
as sole product by the action of excess of methylmagnesium iodide on 7-ketocholesteryl 
acetate. 

So far, all attempts partially to dehydrate the diol (III) have led to 7-methylenechole- 
sterol and not to the required 7-dehydro-7-methylcholesterol. 


EXPERIMENTAL. 


7-Hydroxy-7-methylcholesterol.—A solution of 7-ketocholesteryl acetate (22-5 g.) in anisole 
(150 c.c.) was added slowly to a solution of methylmagnesium iodide (from 4-4 g. Mg) in ether 
(70 c.c.). After standing over-night, the solution was heated under reflux for 2 hours, decom- 
posed with ice and ammonium chloride solution, and extracted with ether. The extract was 
distilled in steam, and the residual solid, isolated by means of ether, crystallised from acetone— 
methyl alcohol, from which 7-hydroxy-7-methylcholesterol was obtained in plates which contain 
solvent of crystallisation. The anhydrous diol separates from benzene in long needles, m. p. 
165°. With the antimony trichloride reagent it gives a transient deep purple coloration passing 
into royal blue; [a]? — 30° (J = 1, c= 2-7 in chloroform) (Found: C, 80-7; H, 11-7. 
C,,H,,O, requires C, 80-7; H, 11-6%). 

The monoacetate, prepared by refluxing the diol (1-0 g.) with acetic anhydride (5 c.c.) for 5 
minutes, separates from acetone in needles, m. p. 164°, [a]?”” — 35-1° (1 = 1, c = 3-6 in chloro- 
form) (Found: C, 78-7; H, 10-9. C,,H,,O, requires C, 78-5; H, 110%). The monobenzoate, 
prepared by the action of benzoyl chloride (1-3 mol.) on the diol (1 mol.) in excess pyridine at 
room temperature for 18 hours, crystallises from acetone in needles, m. p. 175°, [a]? — 6-75° 
(/ = 1, ¢ = 4-2 in chloroform) (Found: C, 80-7; H, 10-35. C,,H,,0, requires C, 80-7; H, 
10-1%). 

7-Methylenecholesteryl Benzoate.—A solution of 7-ketocholesteryl acetate (43 g.) in anisole 
(200 c.c.) was added slowly to methylmagnesium iodide (from 20 g. Mg) in ether (500 c.c.), after 
which the mixture was refluxed for 6 hours, decomposed with dilute hydrochloric acid and ice, 
and extracted with ether. The extract was washed successively with sodium bisulphite solution, 
sodium carbonate solution, and water, and after removal of the ether, distilled in steam. The 
product, isolated by means of ether, was a pale yellow oil (40 g.) which could not be induced to 
crystallise; it was converted into its benzoyl derivative by treatment with benzoyl chloride and 
pyridine. After standing for 2 days at room temperature, the solution was poured into water, 
and the heavy oil removed and triturated successively with methyl alcohol and acetone, where- 
upon it gradually solidified. Repeated crystallisation of the crude benzoate from ethyl acetate 
gave 7-methylenecholesteryl benzoate as long needles, m. p. 141°, [a]? — 122° (i = 1, c = 3-2 in 
chloroform) (Found : C, 83-6; H, 10-2. C,;H,,O, requires C, 83-6; H, 10-0%). 

7-Methylenecholesterol.—A solution of the benzoate (1 g.) in benzene (10 c.c.) was added 
dropwise to boiling 1% alcoholic potash (80 c.c.) over a period of 30 minutes. The product, 
isolated by means of ether, was repeatedly crystallised from aqueous acetone, from which it 
separated in clusters of fine needles, m. p. 85°, which hold solvent of crystallisation tenaciously ; 
(a}?" — 191° (7 = 1,c = 2-7in chloroform). With the antimony trichloride reagent it gives the 
same coloration as 7-hydroxy-7-methylcholesterol. 

The 3 : 5-dinitrobenzoate separates from methyl alcohol—acetone in pale yellow needles, m. p. 
162°, [«]?” — 105° (J = 1,¢c = 1-3 in chloroform) (Found + C, 70-9; H, 8-1; N,4-9. C,,H,,O,N, 
requires C, 70-9; H, 8-2; N, 4-7%). The acetate, prepared by means of acetic anhydride and 
pyridine, separates from methyl alcohol-ether as prisms, m. p. 62—64°, [a]? — 178° (/ = 1, 
¢ = 3-73 in chloroform) (Found: C, 82-1; H, 11-1. Cy gH,,O, requires C, 81-75; H, 110%). 
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Ozonolysis of 7-Methylenecholesterol.—A solution of 7-methylenecholesterol (2-6 g.) in carefully 
purified chloroform (50 c.c.) was treated with a slow stream of ozonised oxygen for 4 hours, the 
issuing gases being washed with water. The subsequent procedure for the detection and estim- 
ation of the formaldehyde produced was as described by Clemo and Macdonald (J., 1935, 1294), 
the weight of dimedon derivative being 240 mg. (11-2%), m. p. 185—186°. 

Dehydration of 1-Hydroxy-1-methylenecholesteryl Benzoate.—(a) The benzoate was heated in a 
retort at 180° and 1 x 10% mm. After 24 hours the sublimed solid was crystallised from acet- 
one, from which it separated in needles, m. p. 141°, either aione or in admixture with 7-methylene- 
cholesteryl benzoate. 

(6) A solution of the benzoate (1 g.) in ether (50 c.c.) and pyridine (1 c.c.) was treated with 
thionyl] chloride (0-2 g.) in ether, the whole being stirred at — 15° for 1 hour. After standing 
over-night at room temperature, the mixture was washed successively with dilute hydrochloric 
acid and water. Removal of the solvent, followed by crystallisation of the residue, gave 7-methyl- 
enecholesteryl benzoate as needles from acetone, m. p. 141°. 

(c) A solution of the benzoate (0-5 g.) and p-toluenesulphony!] chloride (0-5 g.) in pyridine 
(5 c.c.) was heated on the steam-bath for 30 minutes. The product, isolated by means of ether, 
followed by crystallisation from acetone, was identified as 7-methylenecholesteryl benzoate. 


The analyses were carried out in this Department by Mr. W. F. Boston. 
THE UNIVERSITY, MANCHESTER. (Received, June 27th, 1936.) 





273. Curare Alkaloids. Part II. Tubocurarine and Bebeerine. 


By Harotp KING. 


In Part I (J., 1935, 1381) it was shown that the O-methyl ether of the active principle of 
tubocurare, namely, O-methyltubocurarine chloride, and O-methylbebeerine methochloride 
were diastereoisomerides, and that both after a two-stage Hofmann degradation gave the 
same nitrogen-free substance, C,,H;,0,, named O-methylbebeerilene. On the basis of 
the structure (I) proposed by Spath and Kuffner (Ber., 1934, 67, 55) for O-methylbebeerine 
methochloride, O-methylbebeerilene should have the structure (II) and on oxidation should 


Me —CH:CH, 
Me —CH:CH 


(I1.) 
Me 
H:CH 
CH,.CH Me 


yield a mixture of two isomeric dimethoxytricarboxydipheny] ethers (III) and (IV) where 
R =CO,H. Spath and Kuffner have already announced the isolation of the former 
acid (III, R = CO,H) by oxidation of the final product of a two-stage Hofmann degradation 
of O-methylbebeerine and the characterisation of it by a direct comparison of the m. p. 
of its trimethyl ester with a specimen of this ester isolated by Faltis and Neumann (Monatsh., 
1921, 42, 321) by degradation and oxidation of tsobebeerine (isochondrodendrine). No 
experimental details have however been published. 

Since a knowledge of the constitution of tubocurarine chloride, which is a rare and 
inaccessible substance, is dependent on that of the readily accessible bebeerine, the author 
has submitted the nitrogen-free substance O-methylbebeerilene (II) derived from bebeerine 
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to permanganate oxidation. The product is a complex mixture of acids from which two 
isomeric acids, C,,H,,4O,, each crystallising with 2 molecules of water, and a third acid, 

























Me R R CO,H 
MeO O,H CO,H 
MeO Me MeO 
| 
Me Me Me 
(III.) (IV.) (V.) (VI.) 


C5,H590,¢, have been isolated in a pure condition. The first of the isomeric acids melted 
at 207° with effervescence, forming an anhydride, m. p. 245°. It contained two methoxy- 
groups and on demethylation lost carbon dioxide and gave a diphenolic dicarboxylic acid, 
Cy7H440,,4H,O, m. p. 262—263°, in which the phenolic groups are adjacent to each other 
since the substance gave a typical catechol reaction. To the parent acid must be ascribed 
the constitution 5 : 6 : 4’-tricarboxy-2 : 3-dimethoxydiphenyl ether (III, R = CO,H). It 
is evidently a different hydrate of the monohydrated acid obtained by Faltis and Neumann 
(loc. cit.) from O-methyltsochondrodendrine, which melted at 178° and then formed an 
anhydride, m. p. 245°. Slightly different data for the synthetic acid are given by Faltis 
and Frauendorfer (Ber., 1930, 68, 814), viz., m. p. 188°; anhydride, m. p. 245°. On 
demethylation of the natural and the synthetic acid, Faltis and co-workers also obtained 
a diphenolic dicarboxylic acid, m. p. 238—240° and 246—249° respectively, somewhat 
lower than that now found. Although there are these differences in detail, there can be 
no doubt that the parent acid in question has the constitution (III). 

The second isomeric acid, C,,H,4O,,2H,O, m. p. 262—264°, has not hitherto been 
described. On demethylation it lost two methyl groups and formed a crystalline acid 
(or mixture of acids) which did not give a catechol reaction. Furthermore, on decarboxyl- 
ation the parent acid gave 2: 2'-dimethoxydiphenyl ether (V), identified by comparison 
with a synthetic specimen. O-Methylbebeerine being accepted as a bisbenzylisoquinoline, 
this second acid must in all probability have the structure (IV, R = CO,H), and O-methy]l- 
bebeerine methochloride, and consequently O-methyltubocurarine chloride, must be 
represented by (I). The last link in the proof of the structure (I) will be the synthesis of 
the acid (IV, R = CO,H). 

The third acid, C3,H390,,4, characterised by its sparing solubility in boiling water, is 
clearly an intermediate product of permanganate oxidation and should have one of the 
structures shown by (VII) and (VIII) which are based on (II). 
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When the work now described was complete, an important paper appeared by Faltis, 
Kadiera and Doblhammer (Ber., 1936, 69, 1269), in which essentially the same conclusions 
4Nn 
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with regard to bebeerine are arrived at by a different route. After ozonolysis of inactive 
O-methylbebeerinemethine (a product of a one-stage Hofmann degradation), the products 
of ozonolysis after re-methylation were oxidised to carboxylic acids, freed from nitrogen 
by a second Hofmann degradation, and thus gave a mixture of two acids to which are 
assigned the constitutions (III) and (IV), where R = CH:CH,. The former acid was 
identical with an acid obtained by Faltis and Dieterich (Ber., 1984, 67, 234) from O-methyl- 
isochondrodendrine (O-methylisobebeerine) by a similar method. The latter acid was 
new, and on decarboxylation gave a dimethoxyvinyldiphenyl ether which on oxidation 
gave 4-carboxy-2 : 2’-dimethoxydiphenyl ether (VI), identical with a synthetic specimen. 
The important point was thus established that the methoxy-groups are ortho to the ether 
linkage and are on different phenyl nuclei, as is required by formula (I) for O-methyl- 
bebeerine methochloride. 
EXPERIMENTAL. 


Preparation of O-Methylbebeerilene.—Bebeerine (59-4 g.) was completely methylated as 
previously described (King, Joc. cit., p. 1389). The iodide was converted into the chloride and 
then boiled with 2N-sodium hydroxide (700 c.c.) for 90 minutes. The ether-soluble portion 
of the methine was extracted, and remethylated by boiling the methyl-alcoholic solution with 
methyl iodide. After conversion into methochloride, the latter was again boiled with 2N- 
sodium hydroxide (700 c.c,) and the nitrogen-free O-methylbebeerilene extracted with chloroform. 
On removal of the solvent, the residue (48 g.) readily crystallised and was used in the oxidation 
experiment without further purification. ' 

Permanganate Oxidation of O-Methylbebeerilene.—Crude O-methylbebeerilene (10 g.) in pure 
acetone (500 c.c.) was mechanically stirred, and finely powdered potassium permanganate 
(34 g.) added until a permanent pink colour resulted. On filtration the whole of the oxidation 
products were found in the precipitated manganese oxides. The latter were extracted 
repeatedly with hot water until the filtrate was colourless and gave no precipitate on acidification. 
The combined aqueous filtrates were concentrated (250: c.c.), and treated on the water-bath 
with aqueous 5% potassium permanganate (1000 c.c.) until consumption was very slow. 

In similar portions, the whole of the O-methylbebeerilene was oxidised, and the combined 
aqueous filtrates from the final oxidation were concentrated and acidified. The crude amorphous 
acids, 56-95 g. (O-Me = 14-1%), were collected, and the aqueous filtrate extracted thoroughly 
with ether, which gave a fraction (A, 2-05.g.) which gradually solidified. 


Isolation of 5:6: 4'-Tricarboxy-2 : 3-dimethoxydiphenyl Ether (I1LI).—Fraction A _ was, 


recrystallised three times from water (successively 10, 20, and, 30 c.c.). The acid had a great 
tendency to separate as an oil (cf. Faltis and Frauendorfer, Joc. cit.), but on long standing became 
transformed into very fine white silky needles; yield 0-91 g. It melts at 207° (efferv.), forming 
an opalescent melt which clears at 230°, then resolidifies and melts at 245° (Found: loss at 100°, 
9-0; C, 51-1; H, 4:3; MeO, 15:3. C,,H,,0O,,2H,O requires C, 51-2; H, 4-6; 2H,O, 9-1; 
2MeO, 15-6%). The product from the Zeisel determination, on 148 mg. of acid, crystallised 
from the hydriodic acid solution; it was taken up in ether, and decolorised’ with sulphurous 
acid. Recrystallised from a few c.c. of hot water, it separated in flattened leaflets, yield 71-4 mg., 
m. p. 258° (Found: C, 46-4; H, 5-2. Calc. for C,,H,,90,,4H,O: C, 46-4; H, 5-0%), raised by 
further crystallisation to 262—263°. The ferric chloride colour reaction wag very. sensitive, 
a minute drop of the reagerit in a dilute solution of the acid giving a pure blue colour, changed 
by a trace of sodium carbonate solution to a magenta-red. According to Faltis and Troller 
(Ber., 1928, 61, 352) this acid is 2 : 3-dihydroxy-5 : 4’-dicarboxydiphenyl] ether. 

The parent acid, 5: 6: 4’-tricarboxy-2 : 3-dimethoxydiphenyl ether, was converted into 
its dimethyl ester by diazomethane, but the neutral product has so far resisted. all attempts 
to crystallise it. 

Isolation of. 4:5: 5'-Tricarboxy-2 : 2'-dimethoxydiphenyl Ether (IV) and an Acid 
CygHyoO16,2H,O (VII or VIII).—The main crop of crude amorphous acids (56-95 g.) was 
thoroughly extracted with ether in a Soxhlet apparatus and gave 16-2 g. of ether-soluble acids, 
which were converted into neutral sodium salts by addition,of N+sodium. hydroxide (107-1 c.c.). 
The solution was now fractionally acidified with 13 successive portions of N-hydrochloric acid, 
each of 10 c.c., and extracted, after each addition, with ether: Fractions 1—6 averaged 0-2 g. 
each, and consisted of complex amorphous hydroxy-acids very sparingly soluble in boiling water. 
Fractions 7—13, were larger, rising to a maximum. at fraction 10; (4°6 g.), and. were more readily 
soluble in boiling water, fractions 9—13 readily depositing crystals, the: maim constituent of 
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which was the required ether. Thus, fraction 12 (0-8 g.) in water (5 c.c.) gave a microcrystalline 
powder (0-7 g.). Recrystallised from water (20 c.c.) it again separated as a microcrystalline 
powder which under-a microscope (’’ objective) consisted of aggregates of minute plates. The 
behaviour on melting shows some variation. It may effervesce at 257—-258° and form a clear 
liquid which solidifies on cooling; when the m. p. is retaken at the same rate as previously, 
it is now 262—264°, presumably that of the anhydride. In some instances the original 
crystalline acid may only show a sintering between 250° and 260°, then rapidly solidify, and 
melt at 262—264° (Found: loss at 100°, 9-4; C, 50:9; H, 4:6. C,,H,,0,,2H,O, requires 
C, 51-2; H, 4-6; 2H,O, 91%. Found, for dried material: MeO, 16-9. C,,H,,O, requires 
2MeO, 17-1%). On long standing of aqueous solutions of this acid, a different hydrate (plates) 
with 2}H,O is deposited. (Found: loss at 100°, 11-2. C,,H,,0O,,24H,O requires 2}H,O, 
11-1%). This acid effervesces to a clear melt between 145° and 150°, then solidifies as the 
temperature is raised and melts at 262—264°. On dilution of the hydriodic acid liquors from 
the Zeisel determination and extraction with ether, a crystalline mass was obtained which 
showed no catechol reaction with ferric chloride but gave a turbid yellow solution. 

Fraction 11 (2-5 g.), dissolved in water (10 c.c.), deposited a micro-crystalline powder (1-8 g.) 
which now required 40 c.c. of water for solution. A crystalline powder (1-77 g.) separated 
which was boiled with water (90 c.c.) and filtered from a sparingly soluble acid (43 mg., m. p. 
200°). The latter acid now required 170 c.c. of boiling water to dissolve it, and separated in 
minute needles, m. p. 283—284° (yield 24 mg.) (Found: loss at 100° in a high vacuum 4-2, 
4-3. Found, for dried solid : C, 58-9, 58-7; H, 4:3, 4-2. C3,H 590,, requires C, 58-8; H, 4:3%. 
C34H3901¢,2H,O requires 2H,O, 4:9%). 

Decarboxylation of 4:5: 5'-Tricarboxy-2 : 2’-dimethoxydiphenyl Ethey.—A solution of the 
acid (0-8 g.) in pure quinoline (40 c.c.) and copper-bronze (4 g.) were boiled vigorously for 30 
minutes. The ethereal extract was treated with 3N-hydrochloric acid, followed by 2N-sodium 
hydroxide, and then distilled. The residue (0-4 g.) readily crystallised on seeding with 2 : 2’- 
dimethoxydiphenyl ether. It was crystallised for analysis by solution in heptane, yield 0-09 g., 
m. p. 77—78° (Found: C, 73-1; H, 6-3. Calc. for C,,H,,0O,: C, 73-0; H, 6:1%). A synthetic 
specimen prepared from guaiacol and o-bromoanisole by the method of Ullmann and Stein (Ber., 
1906, 39, 624) melted at 79—80°, and a mixture taken simultaneously in the same bath melted 
intermediately at 78—79°. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, HAMPSTEAD. [Received, July 7th, 1936.] 





274. Relative Vapour Pressure and Aqueous Solubility of the 
Solid-solution System B-Naphthol—Naphthalene. 


By RoBertT WRIGHT and NELSON E. WALLACE. 


NAPHTHALENE when fused with $-naphthol yields a continuous series of solid solutions 
(Rudolphi, Z. physikal. Chem., 1909, 66, 717), from which water removes only the 
6-naphthol. Kiister (ibid., 1895, 17, 357) investigated the aqueous solubility of the series 
at 25° and found increasing solubility with increasing 8-naphthol content, reaching a 
maximum when the amount of $-naphthol in the solid solution was about 50 mols. %, 
the solubility of such a solid solution being greater than that of pure ®-naphthol. With 
higher concentration of 8-naphthol the solubility of the solid solution fell, and was in all 
cases equal to that of pure 6-naphthol. 

According to Kiister, the explanation of this phenomenon is that a molecular com- 
pound is formed (though there is no evidence of the existence of such a compound from 
the thermal diagram), that this compound has a solution pressure greater than that of 
pure $-naphthol, and hence we get a maximum solubility with the 50% mixture. An 
aqueous solution in equilibrium with this compound is, however, supersaturated with 
regard to ®-naphthol, and hence at higher concentrations, when excess of $-naphthol is 
present, the solubility falls to that of the pure substance. 

In order to test Kiister’s theory, we investigated the solubility of the system at higher 
temperatures (this solubility, if a compound exists, should always show a maximum 
value near the 50% mixture) and also determined the vapour pressure of the series at 
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different temperatures, since compound formation might be expected to affect the form 
of the vapour pressure—composition curve. 

The data obtained are shown in the table. The solubilities at 25° are comparable, 
though not identical, with those of Kiister, showing a maximum solubility for the 50% 
mixture which is greater than that of pure 6-naphthol. At higher temperatures (65° and 
78°), there is no longer a maximum at 50%, but the solubility rises with $-naphthol 
content until, when the latter is about 80%, it suddenly rises to that of pure B-naphthol. 

The results for relative vapour pressure, 1.¢., the ratio of the vapour pressure of 
naphthalene in the solid solution to that of pure naphthalene, show that at the higher 
temperatures (65° and 78°) the vapour pressure of the solid solution increases continuously 
with the naphthalene content, though even at 78° the relation is not linear. At lower 
temperatures (30° and 55°), the vapour pressure remains constant over a definite com- 
position range, viz., 5|0—80% at 30° and 60—70% at 55°, showing that two solid phases 
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are present for certain compositions of the system. The simplest explanation of the 
results would seem to be that the continuous solubility in the solid state which exists at 
temperatures in the neighbourhood of the m. p.’s of the constituents, breaks down at 
lower temperatures, giving two solid solutions in which the solubility is limited. Change 
of physical nature of a solid binary system with fall of temperature has often been noted 
with alloys; the peculiarity of the present case is that the change takes place so close to 
the melting-point region. If the view that two solid solutions are formed with fall of 
temperature is admitted, the thermal diagram for the system should be modified as shown 
in Fig. 1. 

A img of constant solubility corresponding to that of constant vapour pressure is to 
be expected; but constant solubility from 80% upwards is found for the temperatures 
65° and 78°, at which the vapour pressure-composition curves are continuous, while at 
the lower temperature, 25°, constant solubility is obtained over the range 50—100% of 
8-naphthol. In order to explain this behaviour, it is suggested that solid solutions of 
high 6-naphthol content may give a solubility almost or quite identical with that of pure 
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8-naphthol owing to the following causes : (1) decomposition of the solid solution into its 
constituents by the action of water, (2) loss of naphthalene by volatilisation during the 
process of grinding preparatory to solubility determination. Both of these causes would 
result in the production of pure $-naphthol, and as the solubility of this substance is 
small, a very slight disintegration of the, solid solution would supply enough $-naphthol 
to produce a saturated aqueous solution. 

Disintegration of the solid solutions would explain the constant solubility of the 
80—100% systems at 65° and 78°. At the lower temperature (25°), on the assumption 
that the system consists of two solid solutions, one of high and the other of low 8-naphthol 
content, we would get the same constant solubility over a more extended range. 

The fact that at 25° the solubility of the 50% mixture is greater than that of pure 
8-naphthol may be explained by the assumption that at this composition the system 
consists of a single solid solution supersaturated with @-naphthol and therefore meta- 
stable; such a solution would have a higher -naphthol solution pressure than that of 
the pure substance, and in consequence would give an enhanced solubility. Similar 
behaviour is obtained when water is brought into equilibrium with a supersaturated 
solution of benzoic acid in benzene; the solution pressure of the benzoic acid in the 
supersaturated benzene solution being greater than that of the pure solid, the resulting 
aqueous solution also becomes supersaturated with the acid. 

Limited solubility in the solid state between @-naphthol and naphthalene at room 
temperature would seem to offer the simplest explanation of the peculiar behaviour of the 
system with regard to solubility and vapour pressure. The evidence cannot, however, be 
regarded as conclusive, and it would be of interest to examine the system by X-ray or 
optical methods. 

Solid solution system 6-naphthol-naphthalene. 
Solubility of B-naphthol, g./100 g. of solution. 
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0°92 
0°83 
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Wt. %. Mols.%. Kiister. Authors. 65°. 78°. 
0 0 0 
0°0261 0°0157 0-049 
0:0461 0°0325 0°106 
00595 0°0483 0°175 
0:0670 0:0670 0°22 
0°0768 0-0720 0°28 
0°0785 0°0740 0°31 
0°0743 0°0723 0°34 
0°0742 0°0725 0°39 
0°0742 0°0724 0°38 
0:0741 0:0723 0°40 
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EXPERIMENTAL. 


Pre pavation.—The materials used were the purest that could be obtained from B.D.H., 
the m. p.’s being: naphthalene 80°, B-naphthol 121-5°. The solid solutions were prepared by 
weighing out the constituents in a test-tube, evacuating and sealing it, and melting the con- 
tents. In the earlier experiments the solid solution was annealed for 3 days at 78°, but, in 
view of the probable changes which take place in the nature of the system on cooling, in later 
experiments the melt was slowly solidified (3 hours), On account of the possible loss of 
naphthalene by volatilisation, the solidified mass was not ground until just before a vapour- 
pressure or solubility determination. 

Vapour Pressure.—For the determination of vapour pressure the air-current method was 
employed. This method is open to three objections: (1) solubility of air in the solution, with 
consequent lowering of vapour pressure; (2) increase in volume of air as it passés along the 
absorbing train owing tothe pressure gradient; (3) slowness with which the air becomes 
saturated with vapour. Since we are dealing with the volatility of a solid, we may neglect the 
effect due to (1), but errors due to causes (2) and (3) remain; hence the values obtained 
should only be regarded as comparative. 

In carrying out a vapour-pressure determination, the solid was ground to a fine powder and 
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packed in a glass tube 10 cm. long and of 4 mm. diameter, the powder being held in position 
by means of plugs of cotton-wool. The pure naphthalene was contained in a second similar 
tube, the two tubes were joined by rubber and also joined to a third tube of the same diameter 
and about 40 cm. long. The three tubes were then suspended by a cork inside a tube, about 
80 cm. long, mounted vertically in a heating bath; at the lower temperatures this bath was a 
deep thermostat, and at the higher temperatures a vapour bath of methyl or ethyl alcohol 
(see Wright, J., 1915, 107, 1527) was employed. A stream of dry carbon dioxide-free air was led 
over the solid solution and naphthalene at a rate of about 500 c.c. per hour. After } hour the 
tubes were removed and weighed, the object of this preliminary heating being to remove 
traces of moisture from the cotton-wool. The tubes were now replaced, and the air allowed to 
pass till a sufficient quantity of naphthalene had been removed; the time of flow was 2 days 
for the determinations at 30° and 3 hours for those at 78°. A second weighing gave the loss 
of naphthalene from each of the tubes, and from these losses the relative vapour pressure could 
be calculated. 

In a control experiment where both tubes were filled with naphthalene a loss of 10% of 
the total was obtained from the second tube, indicating that the air was not completely 
saturated on leaving the first tube. In order to compare the solid solution and naphthalene 
under identical conditions, they should both be in the position of the first tube; it was therefore 
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considered necessary to deduct 10% from the total loss of weight in fixing the weight corre- 
sponding to the vapour pressure of the pure naphthalene—this correction does not affect the 
existence of the flat portion of the vapour-pressure curve. 

Solubility.—The determination of 8-naphthol in solution was carried out by titration with 
N/100-iodine, which reacts with the 8-naphthol according to the equation I, + C,,H,,OH = 
C,9H,I°OH + HI. The titration was carried out at ordinary temperature with starch as 
indicator, excess of sodium bicarbonate being added to neutralise the hydriodic acid. The 
method was tested on a solution containing 0-0300 g. of 6-naphthol, and 0-0301 g. was found 
on titration. 

The saturated solutions at 25° were prepared by shaking the solid solution with water in 
bottles in a thermostat for 4 hours; the solution was then filtered, and the 6-naphthol estimated. 
At the higher temperatures the solutions had to be prepared in a sealed vessel so as to avoid 
loss of naphthalene and consequent production of free 8-naphthol. 

The apparatus used is shown in Fig. 3. The water with excess solid solution was sealed 
in a thin-walled test-tube, which was then slipped into a brass tube about 20 cm. long and 
having a perforated brass plate brazed on to one end; the other end of the brass tube was 
closed with a cork carrying a driving wheel, and a piece of stout rubber tubing was introduced 
between the cork and the sealed tube so that the latter was kept pressed against the perforated 
end of the brass tube. The brass tube was now placed inside a glass boiling-tube held hori- 
zontally in a copper heater, which contained boiling methyl or ethyl alcohol, and the side arm 
which was connected with the condenser made an angle of 45° with the body of the heater. 
The upper end of the condenser was connected to a manostat so that the temperature of the 
boiling liquid could be kept exactly at 65° or 78°. This temperature was adjusted 
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by a thermometer placed in the boiling-tube before the introduction of the brass tube. After 
the introduction of the brass tube a driving belt was placed over the driving wheel and a 
stop held against the latter to keep the tube in position; the tube was then rotated for 4 hours 
to produce a saturated solution. The driving belt was now removed, the heater brought into 
a vertical position by rotating round the joint between the heater and the condenser, the cork 

and rubber tube were removed from the brass tube, and the sealed glass tube fractured by 
striking it with a previously heated brass rod; during the fracturing the brass tube must be 

held firmly slightly above the bottom of the boiling-tube to avoid breaking the latter. The 

brass tube containing fragments of glass was then removed, leaving the saturated solution with 

excess of solid in the boiling-tube which was still maintained at the temperature of the boiling 

alcohol, A heated filtering tube, consisting of a glass tube with its constricted end closed with 

a plug of cotton-wool, was then introduced, and the saturated solution drawn into it by suction. 

The solution was removed from the filter tube by a warmed pipette, and qu:ckly transferred 

to a weighing bottle which was at once stoppered, cooled, and weighed. The contents of the 

bottle were then washed out into a basin, dissolved in excess of water, and titrated with 

N/100-iodine. 


GLasGow UNIVERSITY. (Received, July Tth, 1936.) 





275. The Parachors of Some Metal Carbonyl Compounds. 
By J. S. ANDERSON, 


ANOMALIES in the parachor of co-ordination compounds were observed by Sugden 
(‘‘Parachor and Valency,” London, 1930, 145), who found that beryllium in, e¢.g., 
the basic propionate Be,O(C,H,°CO,), and the acetylacetonate (inset) appeared to have 

rO—CMe) 4 Variable negative parachor. The same kind of parachor deficit is shown 
Be’ ‘cH by co-ordination compounds of thallium and aluminium, and Sugden 

a nA sought to obviate the anomaly by a singlet-link theory of co-ordination. 

O=CMe » More recently, Mann and Purdie (J., 1935, 1549) have made an exhaustive 
study of the effect as exhibited by homologous series of palladous halide arsine and sulphine 
derivatives, ¢.g., PdCl,,2RgS and PdCl,,2R,As. From their work emerges the striking 
fact that the anomaly increases as a homologous series is ascended ; for instance, the appar- 
ent parachor of palladium decreases ftom 36 in (Me,S),,PdCl, to —7 in the corresponding 
n-amyl compound, and from +12 in (Et,As),,PdCi, to —27 in the triamylarsine compound. 
It follows necessarily from these results that the deficit cannot be accounted for by substit- 
uting a singlet linkage for the co-ordinate linkage, but must be regarded as a real effect, 
the magnitude of which varies with the size of the co-ordinated groups. Mann and Purdie 
suggested that this effect might be explained, in part at least, as a function of the shape 
of the molecule, since the ¢rans-planar arrangement of groups about the palladium confers 
a molecular shape which might well be associated with anomalous packing effects. 

Mann and Purdie’s explanation may account in part for the trend of the parachor in 
the homologous series considered, but cannot be regarded as cotnplete, since the same 
effect is exhibited by compact non-planar molecules. In this connection, results are now 
reported for the parachor of nickel carbonyl, Ni(CO),, tricarbonylnitrosylcobalt, 
Co(CO),NO, dicarbonyldinitrosyliron, Fe(CO),(NO),, and iron pentacarbonyl, Fe(CO);. 
The first three compounds are isosteric, as is shown by consideration of their chémical 
properties (Anderson, Z. anorg. Chem., 1932, 208, 238; Hieber and Andetson, ibid., 1933, 
211, 132) and their structure as interpreted in terms of the electronic theory of valency 
(Sidgwick and Bailey, Proc. Roy. Sdc., 1934, A, 144,521). Nickel carbonyl has been assigned 
a tetrahedral configuration on the basis of its Raman spectrum (cf. Anderson, Nature, 
1932, 180, 1002), and this view has been fecently confirmed by Brockway and Cross (J. 
Chém. Physics, 1935, 8, 828) by the electron-diffraction method. The tetrahedral structure 
is to be expected, moreover, on the basis of Pauling’s theory, since the co-ordination of the 
carbon-monoxide must be effected by the sf* eigenfunctions of a nickel atom with a com- 
pleted 3d shell; the resulting structure is isoelectronic, further, with the [Zn(CN),]” ion, 
which has been shown by X-tay methods to be tetrahedral. The nitfosocarbonyls are 
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formed, according to Sidgwick and Bailey, by the co-ordination of the isosteric (CO) and 
(NO)* groups to “‘ pseudo-nickel ’’ atoms, so that the same considerations apply here also. 
The configuration of iron pentacarbonyl, and indeed of compounds generally of the type 
AB,, has not yet been determined, but two possibilities arise. (a) A tetragonal pyramid, 
in which the apical carbon monoxide molecule is further removed from (7.e., less strongly 
attached to) the central atom than the other four; such a structure has been advocated 
by Graffunder and Heymann (Z. physikal. Chem., 1932, B, 15, 373) to explain the small 
observed dipole moment. (b) Atrigonal bipyramid. This is more symmetrical and appears 
more probable. It affords an explanation of the ready formation of Fe,(CO),, as formulated 
by Sidgwick and Bailey, and provides the closest packing possible in a 5-co-ordinate arrange- 
ment. It is believed that the parachor definitely points to the latter. It will be observed 
that the parachor of nickel carbonyl, which undoubtedly has a close-packed structure, is 
a few units greater than four times the observed parachor of carbon monoxide; 1.¢., if the 
carbon—oxygen bond of carbon monoxide is not considerably modified by co-ordination 
(an assumption supported by the evidence of the Raman spectrum), the nickel contributes 
little to the total parachor. For iron pentacarbony] the observed total parachor is less than 
five times that of carbon monoxide, and would suggest that, in addition to the undoubted 
contraction occurring on co-ordination, the whole structure must be based upon the closest 
possible packing. 
EXPERIMENTAL. 

Surface tensions were determined throughout! by the capillary-rise method, two capillaries 
being used as described by Sugden. The difference in capillary rise was measured with a measur- 
ing microscope. The liquids were introduced into the measuring apparatus by distillation in 
a high vacuum between room temperature and liquid air. Surface tensions were thus measured 
in each case for the interface liquid—saturated vapour, in the absence of foreign gas. 

Nickel carbonyl was rigorously purified as already described (Anderson, J., 1930, 1653). 
The densities were taken from Mond and Nasini’s data (Z. physikal. Chem., 1891, 8, 150); d 
was calculated from the author’s vapour-pressure measurements (/oc. cit.). 


vaetsthenastaanmianstnapiaheaainiaiaie —10-9° —6-9° —3-4° +1-2° 3°5° 6°85° 
, GUUMURRED,  cschesccoocnctaiiinntanta 18-28 17°85 17°50 17-02 16-72 16-27 
Po ivwsiacaleveessebbadilitheslttees 254-4 254-9 255°1 255°6 255°5 255-2 
Gibb adisdesstailicisuednhbeiaees 10°3° 13-1° 17-1° 21-4° 26-2° 30-0° 
0 GRNORIAERS | oi viitcinstabstewiaine 15°79 15°48 15-09 14°52 1416 13°80 
| SRT SEES OAR Sits SM, 255°1 255-0 265°4 255-2 255-9 256°1 


Mean D, = 1°807,; T,, calc. = 171° (Dewar and Jones found 190—200°). 


Cobalt nitrosocarbonyl. The density of cobalt nitrosocarbony] was redetermined dilatometric- 
ally between 0° and 63-9° to supplement the one recorded value of Mond and Wallis (J., 1922, 
121, 32), which falls well on the density-temperature curve now found. The material used for 
this purpose was prepared by the successive absorption of carbon monoxide and nitric oxide 
in alkaline cobalt cyanide suspension. That used for surface-tension measurements was 
prepared by the action of nitric oxide on cobalt tetracarbonyl at 40°. Both samples were puri- 
fied by fractionation in a vacuum. 

B sccces 0°05° 4°35° 102° 124° 143° 235° 320° 39°2° 49°7° 56°3° 61°3° 63°9° 
a ... 1607 1498 1°487 1482 1479 1460 1°442 1°428 1404 1391 1°381 1°375 

The variation of density with temperature over the range of measurement is excellently 
reproduced by the expression df. = 1-507(1—0-00208¢), from which the values required for para- 
chor calculations were interpolated. Vapour pressures were extrapolated with sufficient 
accuracy from the measurements of Blanchard, Rafter, and Adams (J. Amer. Chem. Soc., 1934, 
56, 16). 


Sippecddsccis 10° 5°5° 11°8° 19°8° 29°6° 38°9° 50°8° 59°3° 69°4° 


Y caccecess 22°32 21°62 21°15 20°26 19°44 18-06 17°16 15°78 14°80 
| a 248°7 248°9 249-9 250°1 250°9 249°8 251-2 249°3 249°3 
Dg coscoeeee 19005 1-8990 1-8971 1°8957 18967 1-8957 18971 1:9000 19011 


Mean D, = 1°898,; T,,. calc. = 235°. 


Iron nitrosocarbonyl. The same sample was used as was employed for vapour-pressure 
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and density measurements (Anderson, Z. anorg. Chem., 1932, 208, 238). Densities were cal- 
culated from the smoothed expression dj. = 1-555,—0-001792 (¢ — 20). 
29°6° 39-0° 50°8° 59°2° 68°3° 
26°07 24°48 23°51 22°46 20°70 
252°6 251°5 252°5 252°2 249°9 
1:9615 19615 1-965 1-961 1-9575 


Mean D, = 1°961; T,, calc. = 274°. 


Iron pentacarbonyl. This was purified by vacuum fractionation, and distilled into the appar- 
atus in artificial light. The tube was kept in the dark until measurements were actually made. 
Densities were taken from the values of Dewar and Jones (Proc. Roy. Soc., 1905, A, 76, 558), 
the obviously erroneous value of 1-4330 at 40° being omitted; the remaining values fall on a 
straight line. 

116° 20°4° 32°1° 45°4° 60°4° 76°4° 
26°47 25°14 23°86 21°81 20°06 18°07 

3011 301°5 301°1 301-7 300°0 300-0 298°9 
Mean D, = 1°842; T,, calc. = 268°. 


DISCUSSION. 
The results are collected below : 


Apparent V, of CO or 
P of metal. Vo. NO (mean). P/V.. 
Ni(CO), : + 89 94°4 21°4 2°68 
Co(CO),NO P — 89 91°1 20°6 2°73 
Fe(CO),(NO), , —18°5 87°6 19°9 2°87 
Fe(CO), p — 74 106°3 19°7 2°83 
co : — - 26°3 _- 


The parachor of carbon monoxide (61-6) shows it to be intermediate between the limit- 
ing forms C=O and C—O (calc. 48-0 and 69-6 respectively). In the carbonyls, the avail- 
able evidence indicates that the carbon—oxygen linkage differs little from that in carbon 
monoxide, so that the assumption that the parachor of co-ordinated CO is the same as that 
of free carbon monoxide should give an approximate value for the parachor of the metal 
atom. Inthe nitrosocarbonyls, NO must be closely related in structure toCO. It is there- 
fore reasonable to calculate the parachor on the assumption that Pyo — Pog = Py — Po. 
Although this procedure is admittedly arbitrary, it is justified in that the molecules are 
isosteri¢c in their co-ordination compounds (Sidgwick and Bailey, loc. cit.; see also deduc- 
tions from the zero-point volumes, below). Calculation shows that, even if the value 
so obtained for the parachor of NO be considerably too high, the main conclusion is in no 
way invalidated. The parachor of the central metal atom calculated in this way is given 
in col. 3. From the trend of Sugden’s atomic number-parachor curve, iron, cobalt, and 
nickel should have nearly equal atomic parachors of about 50 (Cr=54-3, Cu=46). It is 
plain that all four substances show a large deficit, just as do the co-ordination compounds 
of beryllium or palladium. 

In col. 4 of the table are given the zero-point volumes of the substances, for comparison 
with those of solid carbonyl compounds (cf. Hieber, Ries, and Bader, Z. anorg. Chem., 
1930, 190, 215). The zero-point densities were calculated from Sugden’s relation (J., 1927, 
1780), D—d=D,(1—T/T,)*™, and are given in the experimental results. On calculating 
the mean zero-point volume of CO and NO (col. 5) in Fe(CO),(NO)g, it is seen to be very 
close to that of CO in Fe(CO),, whereas the mean value for Co(CO),(NO) falls midway be- 
tween the volumes occupied by CO in Fe(CO),; and Ni(CO),. Hence the NO and the CO 
group are truly isosteric. 

From the figures of col. 3, it appears that the substitution of NO for CO, which is known 
to elevate the Trouton constant perceptibly, increases the parachor anomaly. In no case, 
however, is the latent heat of vaporisation (calculated from the vapour-pressure data) 
high enough to correspond to an abnormally high internal pressure, such as should be found 
on the basis of the effect suggested by Mann and Purdie. The dimensions of the parachor 
are y'*V, so that the parachor anomaly may be due either to a real volume contraction, or 
to abnormality in the surface-tension term, which takes account of intermolecular inter- 
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actions. In col. 6 of the table are recorded the values of P/V,, which ate seen to be per- 
fectly normal (Sugden’s figures, J., 1927, 1783, give P/V, = 2-87 for normal liquids). 
Calculation of P/V. for bis(triamylarsine)palladous chloride, Mann and Purdie’s density 
data being used, gives the value 2-65; this, however, involves a long extrapolation, so that 
little weight can be attached to the perceptibly low figure. Accordingly, it seems probable 
from the normal ratio of P to Vg, which has the dimensions of the intermolecular inter- 
action term of the parachor, that the negative anomaly represents a real volume effect. 





SUMMARY, 

The surface tensions and parachors of Ni(CO),, Co(CO),(NO), Fe(NO},(CO),, and Fe(CO) ; 
have been determined. The apparent parachor of the central atom shows that in all these 
compounds there is a large anomaly, such as has been found with other co-ordination 
compounds. It is concluded that no adequate explanation of this anomaly has yet been 
advanced. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SouTH KENSINGTON, S.W. 7. (Received, May 29th, 1936.] 





276. Arc Spectrographic Determination of Indiwm in Minerals, and 
the Association of Indium with Tin and Silver. 


By F. M. BREWER and ENnip BAKER. 


For a long time the scarcity of indium has restricted the investigation of its chemistry. 
By the application of principles based on a study of the association of elements in minerals 
it was hoped that new and richer sources of the element might be discovered. Since this 
wor: was begun, commercial production from the concentrates of an ore not specified 
(Murray, J. Ind. Eng. Chem., 1932, 24, 686; ibid., News edn., 1933, 11, 300; Baldwin, 
Brass World, 1932, 28,98; French, J. Chem. Educ., 1934, 11, 70) has provided a much more 
plentiful supply, but the results of our investigation are not without theoretical significance, 
and indicate a possible source of indium richer than any yet worked. 

Elements are associated in the earth’s crust on account of (i) chemical similarity between 
elements of the same periodic group, (ii) similarity in atomic or ionic size and consequent 
ability to occupy equivalent places in crystal structures, (iii) genetic relations such as exist 
in a radioactive series. Although group characteristics determine the type of mineral in 
which an element is to be found, differences in atomic size usually prevent the association 
of the elements of a group in any particular mineral. The other two factors mentioned 
both result in the association of adjacent members of the same horizontal period, and recent 
searches for new elements or new sources of rare elements have shown that these horizontal 
associations predominate over the greater part of the periodic table. Where the influence 
of ionic size is fortified by a factor comparable to group similarity, as in the rare earths or 
platinum metals, association is very marked, and this combination of factors is repeated 
to some extent in the association of elements in the same horizontal period when they ex- 
hibit the same valency. That these horizontal associations are not limited to elements in 
the same valency state, however, is shown by the fact that the mineral germanite, for 
instance, contains 12 of the 17 chemically active members of the first long period, and also 
silver (Z = 47),.cadmium (48), indium (49), and tin (50) in the second (Thomas and Pugh, 
J., 1924, 125, 816). The mineral is essentially a copper thioarsenate and thiogertnanate 
with zinc as its next main constituent and an abnormally high gallium content (0-5—0-76%), 
i.¢., its main metallic constituents are the first-period representatives of groups IB to VB. 
A similar association in the first long period has been shown to exist in enargite (Brewer, 
Papish, and Holt, J. Amer. Chem. Soc., 1927, 49, 3028), and the present paper establishes 
a striking example in the second. 

Since its discovery in the Freiburg zine blendes, indium has been reported as occurring 
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in other blendes, notably those carrying cadmium and gold, in zinc carbonate minerals, and 
in various ores of iron (including chalcopyrite, Cu,Fe,S,), manganese, and tin. Its associ- 
ation with cadmium has been further demonstrated by Papish and Holt (Z. anorg. Chem., 
1930, 192, 92), who found it to the extent of 0-117°% in a sample of commercial cadmium 
oxide, and by Hirschel (Chem. and Ind., 1933, 11, 797), who pointed out that indium is 
always present in the cadmium residues obtained during the purification of lithopones. 
In this connection also it is significant that Paschen (Aun. Phys,, 1909, 29, 625) records a 
strong line at 4511 A. in his investigation of the infra-red spectrum of cadmium, As no 
other investigators appear to have observed this line, it is probable that Paschen’s cadmium 
also contained indium, As he does not record any wave-lengths shorter than this, it is 
not possible to say whether any of the other characteristic indium lines were present or not, 
but it is noteworthy that in the analysis of the cadmium spectrum given in Kayser’s 
‘“‘ Handbuch der Spektroscopie,’”’ Vol. VII, this line is not allotted to any cadmium trans- 
ition. Although the ore worked by Murray (loc. cit.) is not defined, it is described as con- 
taining sulphides of lead, zinc, copper, iron, silver, and gold, the indium remaining on 
concentration with the zinc. The average yield is given as 1-93 oz. per ton (French, 
loc. cit.), t.e., less than 0-01%, which is low compared with some other sources reported. 
A statement, as yet unsubstantiated, has been made by Romeyn (J. Amer. Chem. Soc., 
1933, 55, 3899) that certain pegmatite dikes in Utah contain 1—2-8% of indium, probably 
replacing aluminium in cordierite. If this is true it is unique in respect of both quantity 
and association. Hoppe-Seyler detected indium in wolfram from Zinnwald (Amnalen, 
1866, 140, 247), but Atkinson (J. Amer. Chem. Soc., 1898, 20, 797) has shown that its oc- 
currence in tungsten ores is not typical. The association of wolfram with tin ores and the 
particular source of this wolfram are interesting, however, in the light of Garrett’s discovery 
(Proc. Roy. Soc., 1927, 114, A, 289) that all samples of metallic tin which he could procure 
contained traces of indium. This observation was confirmed by Green (Nature, 1927, 
119, 893). 

We have confirmed the occurrence of indium in chalcopyrite by both spectroscopic 
observation and chemical separation, and have investigated other sources of iron, manganese 
and cadmium, with negative or doubtful results. In addition, we have carried out a system- 
atic study of tin ores, since, in view of Garrett’s work, these seemed to be the most promising 
and the least investigated, and we have made a preliminary survey of a few silver minerals. 
The spectrum of the laboratory supply of tin was photographed and found to contain an 
appreciable quantity of indium. An estimate (0-01—0-001%) was made by comparison 
with standard photographs, and confirmed by further examination after chemical con- 
centration. Cornish tinstones and associated minerals, kindly supplied by the East Pool 
and Agar Co. Ltd., and other tin samples were next examined, but no rich source was in- 
dicated. The occurrence of tin as oxide is, however, anomalous for a B sub-group element, 
since these metals occur predominantly as sulphides, and it was therefore considered 
more important to examine the much rarer tin sulphide minerals, especially those containing 
other metals in the second long period. Attention was focused particularly on cylindrite 
and franckeite, which are sulphides of lead, antimony, and tin; these were found to have 
an indium content probably higher than anything yet reported, that in the former being 
estimated as 0-1—1-0%. While the work was in progress, a complete microscopic and 
crystallographic account of these minerals was published by Ahlfeld and Moritz (Jahrb. 
Min., 1933, 66, 206), who discuss the constitution and association of the minerals and point 
out that the zinc blende which is impressed into the crystals of cylindrite has a high cad- 
mium content. (We were able to show by a spectrographic examination of picked crystals 
that the indium was in the cylindrite itself and not in the zinc blende.) Also the occurrence 
of these minerals is confined to the Bolivian tin belt, where argentiferous thiostannates are 
found. Hence in this mineral are found associated the ‘‘ adjacent” elements silver, 
cadmium, indium, tin, and antimony. A further point is that in the similarly occurring 
teallite, a sulphide of tin and lead containing no antimony, there was found only a very 
small trace of indium. According to Ahlfeld and Moritz, the only mine from which 
cylindrite can be obtained in quantity (Santa Cruz, Poopo, Bolivia) has been closed down, 
and as most of the specimens known are museum specimens, only a few hundred g. of the 
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crude material could be obtained for chemical separations. This yielded enough indium 
sulphide, however, to confirm the preliminary estimate. 
Indium was also found in some silver minerals not containing tin, and this association 
will receive further investigation. 
EXPERIMENTAL. 


For the detection of indium, materials were examined visually with a Hilger constant- 
deviation spectroscope, after excitation in an arc between poles of pure iron. These give a clear 
field for the easily visible line at 4511 A. For photographic work, a Bellingham and Stanley 
quartz spectrograph was used, and the electrodes were of Hilger Acheson graphite. Estimates 
of the amount of indium present were made by the persistence method. This depends on the 
fact that, with the same conditions of excitation and recording, the number of lines appearing 
gives a measure by reference to standard exposures of the actual amount of an element on the 
arc. Though not as accurate as the more refined methods now in general use, this gives a rapid 
method for exploring a large field of minerals. 

Comparison Standards and Limits of Sensitivity.—Solutions of known indium concentration 
were prepared by dissolving a 10% indium-silver alloy in nitric acid, precipitating the silver 
as chloride, and suitably diluting the filtrate. Electrodes carrying from 1 to 0-0001 mg. of 
indium were prepared by evaporating on them 0-1 c.c. of the appropriate solutions. Spectro- 
graphs of these solutions were then taken on a single plate, and the persistence of the lines 
determined. These are tabulated below. Ilford special rapid panchromatic plates weré used ; 
exposure 15 secs.; arc voltage 100; max. current 3 amps. 

As silver minerals were among those to be investigated, standards were also made from the 
solutions before precipitation of the silver. It will be seen from the table that the line sen- 
sitivity appears to be diminished by the presence of silver, but the difference may also have been 
due in part to the formation of the non-volatile In,O, on evaporation of the nitric acid solution. 
The effect of excess tin, added as stannous chloride, was also examined. The intensity of 
the most persistent lines was affected to some extent even in hydrochloric acid solution. This 
is presumably due to the greater volatility of the tin. Excess of copper, lead, zinc, or iron, or 
the presence of gallium salts appeared to have little effect on the indium spectrum. (For the 
effect of gallium on the spark spectrographic determination of indium, see Dennis and Bridgman ; 
J. Amer. Chem. Soc., 1918, 40, 1531.) It should be noted that Garrett (loc. cit.) and Green 
loc. cit.) found the most persistent line to be at 4102 A., whereas de Gramont had given 4511. 


Persistence of lines for pure indium. 














Indium, mg. Indium, mg. 
A, A. a 0-1. 0°01. 0-001. 0°0001. A, A. Ll. 0-1. 0-01. 0-001. 
4511-37 S S Vv Vv ?FF 2753°98 Vv F F 
4101-82 Ss V V Vv FF 2714-00 Vv F 
3258°55 Vv Vv Vv F 2710°31 S Vv F 
3256-03 S S Vv Vv F 2601-90 Vv F 
3039°36 Ss V V F FF 2560°22 S Vv FF 
2957°14 Vv Vv F 2522-99 Vv F 
2932-62 SS) Vv F F 2468-01 Vv F 
2837°01 Vv F F 2460°06 Vv F 
2775°35 F F FF 
Persistence of indium lines in presence of excess silver. 
4511-37 S S V 3256°03 S Vv V V 
4101-82 Vv Vv 3039-36 S Ss F F 
3258°55 Ss V F 2932-62 S Vv 
Persistence of indium lines in presence of excess tin. 
Indium, mg. Indium, mg. 
~ A —, Nearest ¢ A —, Nearest 
A. 1. Ol. 0-01. 0°001. 0°0001. Sn line. A. 1. 0-1. O01. Sn line. 
4511-37 S S Vv F ?FF 4525 2837-01 F F 2840 
4101-82 S Vv Vv FF 3801 2775°35 S F F 2779 
3258-55 Vv F F F 3262 2753°98 Vv F F 2779 
3256°03 Vv Vv Vv F ?FF 3262 2714-00 Vv FF 2707 
3039°36 Vv Vv Vv ?F 3034 2601-90 Vv 2594 
2932-62 ¥ F F 2913 2560°22 Vv F FF 2558 


S = Strong; V = easily visible; F = faint; FF = very faint. 
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Garrett’s and Green’s material was almost entirely metallic tin, and since in the presence of metal- 
lic tin we find that the line at 4511 is the more persistent, it would seem that the condition of 
excitation affects their relative intensities. As regards the most persistent lines, at 3039 and 
3256 A., and the limit of sensitivity (0-0001 mg. In), our results are in agreement with those of 
Papish and Holt (/oc. cit.), who used essentially the same method, but differ from them with 
respect to the persistence of the lines at 4102 and 4511 A. 

Spectrographic Analysis of Metallic Tin and Minerals.— Metallic tin. A spectrogram of the 
laboratory supply of granulated tin (taken on a copper arc) showed the lines at 4511, 4102, and 
3256 quite clearly, and the sample gave a bright but not very persistent line at 4511 in the 
spectroscope. It was estimated spectrographically that the tin contained 0-01% of indium. 
The extraction of indium from this sample was used later to investigate the chemical behaviour 
of traces of indium in the presence of a large excess of tin, all separations being followed spectro- 
scopically or spectrographically. Crude metal ingots and a specimen of A.R. tin, all of unknown 
geographical origin, were also examined, the former showing a doubtful trace of, and the latter 
no appreciable, indium. It is possible that Garrett’s more sensitive method would have revealed 
faint traces, but as a rich source was being sought, no attempt was made to concentrate any 
indium that may have been present in these samples. 

Cassiterites, etc. Six cassiterites from the East Pool and Agar Company’s mines (Cornwall) 
were next examined, three showing traces of indium. One of these was a practically pure tin- 
stone, with iron as the only other metal easily detectable; the second contained in addition to 
tin and iron, arsenic, manganese, tungsten, and a trace of niobium; and the third, in which the 
indium content was markedly lower, contained iron, manganese, aluminium, and a fair amount 
of copper. Of the three free from indium, two resembled the pure tinstone, and the third con- 
tained arsenic, aluminium, and iron. This indicated that there was no immediate connection 
between the presence of indium and other contaminating elements. A wolfram and a scheelite— 
wolfram from the same source were found to be indium-free. 

An extremely pure cassiterite from the Roche Beam mine, Cornwall, also appeared to be free 
from indium (there was a doubtful line at 4511 only), but a sample of Cornish stream tin, which 
is geologically distinct from the tinstones, showed the lines at 4511, 4102, and 3256 A. more 
strongly than any of these had done. Three foreign cassiterites from Pahang (Malay), Bolivia, 
and Tasmania all showed small traces (0-01—0-001%) of indium, but in no case was there as 
much as in the stream tin. Two Nigerian samples of tin oxide minerals (Ilorin, pegmatite, and 
Jarava Hills, alluvial) contained traces of indium. The laboratory stannic oxide and A.R. 
stannous chloride were indium-free. 

The oxide not proving a profitable source, attention was turned for reasons given above to 
tin sulphides and other minerals containing elements in the second long period, particularly 
silver and antimony. No greenockites were available, but as these do not occur in large masses, 
their omission was not serious. In addition, a number of iron, zinc, and manganese ores were 
examined, in most cases without revealing any indium. 

Tin sulphide minerals. Cylindrite (Santa Cruz mine, Poopo, Bolivia), Pb,Sb,Sn,S,, : iron 
and zinc also present. Indium: five persistent lines 3039—4511, all fairly strong for 10 mg. 
of solid; estimated content 0-1—1% In. 

Franckeite (Santa Cruz mine), Pb,Sb,Sn,S,,: iron also present. Indium: somewhat 
similar to cylindrite, but lines considerably fainter. Estimated max., 0-1% In. 

Teallite (Poopo), PbSnS,. Indium: trace; 3039 and 4102 faint (3256 doubtful). 

Stannite (Cornwall), SnS,,Cu,S,FeS. Indium: very doubtful. 

Antimony minerals. Bournonite (Liskeard, Cornwall), 2PbS,Cu,S,Sb,S, ; jamesonite (Corn- 
wall), 5(PbFe)S,3Sb,S,; nagyagite (Transylvania), (PbAu),,Sb,(S,Te),,; stibnite (Hungary), 
Sb,S,; and tetrahedrite (Hungary), 3Cu,S,Sb,S,. Indium: nil. See also cylindrite and 
franckeite (under ‘‘ Tin’’) and dyscrasite, polybasite, and pyrargyrite (under “ Silver ’’). 
Laboratory samples of antimony and its trioxide and trisulphide were also free from indium. 

Silver minerals. Argentite (Gersdorf, Saxony), Ag,S. Indium: lines at 3039 and 3256 
showing with original mineral. After separation of the silver as chloride, the filtrate showed 
clearly the lines at 4511, 4102, and 3259. 

Hessite (Altai, Siberia)’Ag,Te; iron also present. Indium: a doubtful line at 4102 only. 

Dyscrasite (Harz, Germany), Ag,Sb. Indium: after separation of the silver, faint lines 
showed at 3039, 3256, and possibly 4102. . 

Argentite (Mexico); polybasite (Copiapo, Chile), (Ag,S,CuS),,Sb,S,,As,S,; and pyrargyrite 
(Harz, Germany), 3Ag,S,Sb,S,; indium: nil. 

Zinc minerals. Zincite (New Jersey),ZnO. Indium: the doublet at 3256—3259 was visible. 
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Calamine (two samples of unknown origin), ZnCO,. Indium: one sample was free; the 
other showed very faint lines at 3256, 3269, and 4102. 

Zinc blende (origin unknown), ZnS. Indium: 3039 faint, and 3256, 3259, and 4511( ?) with 
decreasing imtensity. 

Franklinite (Bohemia), (FeZnMn)(FeMn),O,. Indium : lines at 3039 and 4511. Manganese 
obscures the lines at 3256—3259. 

Jeffersonite (New Jersey), (CaMn)(MgFeZn)(SiO,),. Indium: very faint line at 3039; 
lines at 3256—3259, possibly manganese. 

Zinc blende with blue fluorspar (Darley Dale, Derbyshire); wurtzite (Bohemia), ZnS; and 
zincite with franklinite (New Jersey). Indium: nil. 

Manganese minerals. Alabandite (Austria), MnS; rhodocrosite (Colorado), MnCO,; and 
wolfram (Schlaggenwald, Bohemia, and from Cornwall), (Mn,Fe)WO,. Indium: nil. See also 
franklinite and jeffersonite (under ‘ Zinc.’’). 

Iron minerals. Pyrites (three samples: Cyprus; Goslar, Harz; Mexico), FeS,. Indium : 
nil. 

Chalcopyrite [(@) origin unknown; (b) and (c) Cornwall, unspecified ; (d) New Cook’s Kitchen 
Mine, Camborne, Cornwall], Cu,Fe,S,. Indium: (6) and (c) nil; in (a) and (d) the persistent 
indium lines were intermediate im intensity between those shown by cylindrite and metallic tin. 
Estimated max. 0°1% In. 

Mispickel (Munzig, Saxony), FeAsS. Indium: a doubtful line at 3039. A hematite (Fe,O,) 
and two chalybites (FeCO,) were examined but gave spectra too rich in lines to allow the identi- 
fication of indium without further separation. 

Cadmium. A sample of metallic cadmium appeared to be indium-free, but very faint lines 
at 3256—3259 were given by a laboratory sample of cadmium oxide. 

The results quoted above indicate that the occurrence of indium as a common impurity in 
metallic tin is due to a fairly general association of indium with tin ores, whereas its association 
with blendes, and with iron and manganese minerals, is more specific im character. A further 
investigation of silver ores is necessary before it is possible to say whether this association is 
general or not. At present it would appear that indium does not necessarily occur with silver 
or antimony as such, but in the argentiferous thiostannates from Bolivia which have been 
examined, a markedly high indium content is associated with those minerals which contain 
antimony as a main constituent. 

Separations of indium from cylindrite, chalcopyrite, and metallic tin will be described in a 
subsequent paper. 

Our thanks are due to Professor H. L. Bowman and Mr. R. C. Spiller, of the Department of 


Mineralogy, for kindly providing specimens and for advice in discussion, and to the East Pool 
and Agar Company, for samples of minerals from their mines. 


Tue O_p CHEMISTRY DEPARTMENT, UNIVERSITY MUSEUM, 
OXFORD. (Received, June 3rd, 1936.] 





277. The Extraction of Indium from Cylindrite, Chalcopyrite, and 
Metallic Tin. 


By F. M. Brewer and Entp BAKER. 


In the preceding paper it was shown that indium is present in unusually large amounts 
in the mineral cylindrite, in large traces in some chalcopyrites, and as a general impurity 
in metallic tin. We now describe the extraction and concentration of indium from these 
sources, 


Extraction from Tin.—This was carried out partly as a check on the accuracy of the initial 
spectroscopic determination, and partly to show how indium would behave analytically in the 
presence of a‘large excess of tin. This information was needed before the profitable extraction 
of indium from the very limited supply of cylindrite available could be attempted. Two methods 
of concentration were used. 

(a) Sulphide separation. Although the difference in the solubility of indium and stannous 
sulphides is no doubt sufficient to effect a separation on a large scale, with beth elements present 
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im similar quantity, yet the probability that small quamtitics of indium sulphide would be co- 
precipitated on the stannous sulphide was considerable (cf. Kolthoff and Moltzam, Chem. Rev., 
1935, 17, 293). Preliminary experiments showed that this was so. 1 G. of indium-bearing tin 
was dissolved in concentrated hydrochloric acid, diluted so that the acid was @2N, and stannous 
sulphide precipitated with hydzogen sulphide. The precipitate was washed with a. solution 
of the gas. A few mg. of sodium chloride were then added to the filtrate, to give a residue om 
evaporation that could be placed on a spectrographic arc, and the solution evaporated to dryness. 
A second: sample of | g. was treated in the same way, except that it was oxidised: to the stanmic 
condition before precipitation as sulphide. The: stannic sulphide precipitate, examined spectro- 
seopically, was free from. indium, but the residue from the filtrate showed the line at 455) A. 
more strongly than the original tin. With the tim precipitated as stannous sulphide, some 
concentration had taken place in the filtrate residue, but the: precipitate: still showed traces of 
indium. Concentration of the indium in a 10-g. sample of the tin was carried out successfully’ 
by the stannic sulphide separation. After solution of the tin im hydrochloric acid, chlorime was 
passed in to.convert it into the stannic condition. The sulphide precipitation was repeated on the 
filtrate and washings after they had been concentrated by evaporation, and the solid which separ- 
ated, from them redissolved in hydrochlonic acid. A few mg. of aluminium nitrate were added to: 
the final filtrate, and the indium coprecipitated: on aluminium: hydroxide: by aditition of ammon-. 
ium hydroxide solution. As the hydroxide i is not a suitable form of indium for spectroscopic. 
examination, the precipitate was dissolved in hydrochloric acid! and evaporated to smalh bulk. 
It showed the indium lines strongly, along with lines; due to sodium, calcium, magnesium, 
and, traces.oficopper. Repetition of this extraction with 500g. of tiv showed that the oxidation 
of the last part of the tin by chlorine is very slow, and the: veactiom was) therefore: completed by 
the use of mercuric chloride. The: sulphide precipitation om this: scale was: slow and laborious, 
and the bulky precipitate carried down some: indium sulphide with it. 

(b) Chloride separation. The b. p. of stannic. chloride is: Li4-1°, but indium chioride: does: 
not volatilise appreciably. below 440°.. These substances can: therefore be separated effectively: 
by @ single distillation. Chlorine was led over 300:g,. of tin: im a lange distilling: flask, and: the: 
stamnic: chloride formed distilled off simultaneously. The: small residue was extracted’ with 
concentnated hydrochloric acid, the solution: evaporated to small bulk, and. made: up to: 10 c.c. 
Four further solutions were made from this by. successive ten-fold dilutions, 0-1 ¢.c. of each solu- 
tion, was, evaporated on a. graphite arc (Brewer and Baker, /oc. cit.),.and thein spectrographs 
compared with indium standards. The line at 3256. was clearly visible wit the third of the: 
five solutions, but had faded in the fourth: As there was stijl: considerable tin present from a 
spectroscopic standpoint, this indicated an approximate content of 0-001 mg. of indium: in: 0-k 
c.c. of the third solution, or a content in: the original tin off 0-003%. 

Extraction. from. Chalcopyrite; and the Separation of Indium: from Iron.—Sufficienti chalboe-. 
pyrite from the New Cook’s, Kitchen mine, Camborne, Cormwall,. was available:for a small-scale 
separation. In preliminary experiments, the copper was removed as sulphide,. andi separations 
of; the-imdium from: the residual iron attempted.. The most. satisfactory method: appeared: to be 
that of Mathers. (i. Amer. Chems Soc.,. 1908;. 36, 209), in which iron is: removed. in 50% acetic: 
asid by nitroso-B+naphthol, As copper also- forms am: insolixble complex: with; this: reagent,, the: 
sulphide separation was afterwards omittedi Mathers claimed) that the indium:so separated is: 
free from iron, though traces of the indium originally present may remain omtiie iron precipitate: 

1 G.. of: finely-ground chalcopyrite. was, dissolved. in aqua regia,. treated with ammonium 
hydroxide until a precipitate appeared, and cleared: with the minimum: quantity of hydrochloric 
acid. 4 G, of nitroso>@-naphthol in 200-c.c. of 50% acetic. acid: were: ad added; the solution: left, © 
over-night, and. then filtered, The precipitate was, washed; with 50%. acetic acid;. then: with: 
water, the indium appeaning at first sight to, have been concentrated successfully in the filtrate. 
This method was therefore applied to the removal. oftiren-laten, in- the extraction:of indium: from 
cylindrite. It was observed in that separation, however, that if the iron complex with nitroso- 
6-naphthol was ignited, there was a larger propertion-of‘indium adsorbed on the carbon residue 
than had been.observed by Mathers, These experiments made it clear that, although this method 
might serve to separate traces of irom from indium, yet it is unsatisfactory as a means of extract- 
ing small’ quantities of indium from iron. The use of iron minerals as a source of indium was 
consequently not likely to prove convenient, owing to the difficulties inherent in the separation. 

Cylindrite.—A nalysis, This mineral is essentially a sulphide of\ lead, tin, and antimony. 
Frenzel, who discovered it (Jahrb. Min., 1893, 2, 124), found silver and‘iron were also. present, 
and, assuming they were replacing lead, formulated the mineral as 3PbS,Sb,S,,3(PbS,SnS,). 
His analyses were: not: confirmed by Prior (Min. Mag:, 1904, 14; 21); who gave the formula 
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3PbSnS,,SnFeSb,S,. Ahlfeld and Moritz (Jahrb. Min., 1933, 66, 206) showed that both the 
zinc blende and the iron sulphide present were impressed into the laminated pencils of the mineral 
proper. They therefore ignored the iron content, but otherwise adopted Prior’s formula in 
preference to Frenzel’s. As there seemed to be some doubt as to the actual constitution of the 
mineral, it was thought desirable to carry out analyses for the principal constituents. Only 
three specimens could be obtained for chemical treatment. Of these, the first was a small 
3-g. sample, homogeneous in appearance, which was all used in preliminary separations. The 
other two differed considerably in appearance. The larger (A, 280 g.) was apparently fairly 
pure cylindrite, but the smaller (B, 150 g.) had a considerable quantity of hard rocky matter 
associated with it. The first main separation of indium was carried out on this sample, and a 
few selected ‘“‘ pencils” of the sulphide material used for a determination of antimony, tin, 
lead, and sulphur. The values found for antimony and sulphur agreed with Frenzel’s, and al- 
though there was some discrepancy with the tin and lead, the atomic ratios were in as good 
agreement with his proposed formula as his own results had been. Mr. E. G. J. Hartley, of this 
laboratory, carried out an analysis of the larger sample, making a preliminary separation of the 
constituents before estimating them quantitatively. His results agreed well on the whole 
with those of Prior, and confirmed the formula proposed by him. As our value for tin in sample 
B differed from that found by Frenzel, Prior, or Hartley, this metal was determined by us in 
sample A, the value agreeing exactly with that of Hartley. It therefore seems that there are 
two substances described as cylindrite: the pure material analysed by Prior, and typified by 
our larger sample, and an altered material with a definitely lower antimony content, correspond- 
ing to that originally discovered by Frenzel. The methods of analysis and summarised results 
of our own and the other investigations are given below. 

Lead: 1 G. of the mineral (sample B) was dissolved in concentrated hydrochloric acid 
containing a little bromine. The solution was evaporated to 20 c.c., diluted with water, and 
left until the lead chloride precipitate had settled out. This was filtered on a Gooch crucible, 
washed with dilute hydrochloric acid, then with cold water, dried at 120° and weighed. To the 
filtrate and washing were next added 5 c.c. of concentrated hydrochloric acid, the solution evap- 
orated to 100 c.c., and 1-5 g. of tartaric acid added to keep the antimony in solution. The solu- 
tion was made alkaline with sodium hydroxide, a slight precipitate cleared with the minimum 
of hydrochloric acid, and the lead precipitated as sulphide at 60°. The precipitate was filtered 
on a Gooch crucible, washed with sodium sulphide solution, digested with nitric acid (d 1-2), 
the solution filtered, and the lead precipitated finally as sulphate. 1 G. of cylindrite gave 
0-2576 g. PbCl, (= 0-1919 g. Pb) plus 0-2850 g. PbSO, (= 0-1946 g. Pb); total Pb = 0-3865 g., 
or 38-65%. 

Antimony: This was determined by potassium bromate solution which had been standard- 
ised against pure metallic antimony (0-1528, 0-1512 g. Sb required 24-75, 24-5 c.c.; hence 
1 c.c. KBrO, = 0-006172 g. Sb). 1-4765 G. of cylindrite required 18-5 c.c. KBrO;; i.e., Sb = 
0-1142 g. or 7°74%. 

Tin: This was estimated by reduction with antimony in a stream of carbon dioxide, and 
titration of the resulting stannous chloride with 0-1N-iodine solution. Blanks were done for 
the antimony and acid used, and the iodine was standardised against A.R. tin. For sample 
B: 0-3619 g. contained 0-07759 g. Sn or 21-44%. For sample A: 0-2944 g. contained 0-07399 
g. Sn or 25-13% (Hartley found 25-06%). 

Sulphur: This was determined by roasting the cylindrite in a stream of air, absorbing the 
resulting sulphur dioxide in potassium hydroxide, oxidising it to sulphate with hydrogen 
peroxide, acidifying with hydrochloric acid, and boiling off any carbon dioxide present. The 
sulphate was then precipitated as barium sulphate. The residue in the boat was extracted with 
alkali, and the sulphate precipitated from acid solution as barium sulphate. 0-40 G. of cylin- 
drite gave a total of 0-6916 g. BaSO,; S = 23-75%. 


Analysis of cylindrite, %. 


Hartley.* Authors. 
Frenzel. Prior, I. Prior, II. Sample A. Sample A. Sample B. 

iy rer eres 35°41 35°25 34°58 33°97 — 38°65 
IPO sivcescnnsieee 3°00 2°81 2°77 3°47 _ a 

De ee ee 0°62 0°50 0-28 nil — nil 

DB. wisivariitdeossi 26°37 25°65 25°10 25°06 25°13 21° 

BD venchio eteres 8°73 12°31 12°98 11-92 _- 7°74 

© vcaspecnscevenpoane 24°5 23°83 23°88 24°39 — 23°75 


* Hartley’s values were corrected for 1°62% of insoluble residue (SiO,). 
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Extraction of Indium from Cylindrite.—A concentration of the indium in a 1-g. sample of the 
mineral was carried out to ascertain how the indium would behave in the proposed separation. 
The finely powdered mineral was dissolved in 15 c.c. of hydrochloric acid, leaving a slight sili- 
ceous residue. The solution gave no reaction for stannous tin. The filtered solution was there- 
fore diluted to make the acid 2N, and hydrogen sulphide passed in. The precipitate of lead, 
antimony, and stannic sulphides was filtered off. Further dilution to 130 c.c. and treatment 
with hydrogen sulphide gave more of these sulphides. Spectroscopic examination of the pre- 
cipitates and filtrates showed that, although the greater part of the indium was obviously in 
the final filtrate, yet the second precipitate also contained appreciable traces of it. Reprecipit- 
ation of the sulphides from the second precipitate at a rather higher acid concentration effected 
a separation of the indium. The final filtrate and washings were evaporated to 10 c.c. At this 
point a few crystals of hydrated stannic chloride separated and were removed, a further small 
crop being removed later. The final brown residue was dissolved in hydrochloric acid and 
prepared by suitable dilutions for spectrographic examination. The indium lines fell off in 
intensity more rapidly than the preliminary inspection of the mineral had suggested, and to 
avoid any error due to the presence of residual tin, the indium was further separated on alumin- 
ium hydroxide, redissolved in hydrochloric acid, and examined again. The persistence of the 
lines indicated a probable content of 0-125 mg. of indium in the solution, corresponding to 0-1% 
in the mineral. The spectrograph also showed that there was present in the final solution con- 
siderable iron, together with some calcium and sodium. 

Separation from sample B. 100 G. of picked material from this sample (which had associated 
with it much that was obviously not cylindrite) were finely ground, and extracted with 500 c.c. 
of hydrochloric acid and a few c.c. of bromine on a water-bath for several hours. After cooling, 
the precipitate of lead chloride was filtered off and again extracted with acid. The main filtrate 
was evaporated to 150 c.c. and more lead chloride filtered off. These crystals showed only a 
very slight trace of indium spectroscopically, and this was associated with the retained mother- 
liquor rather than with the crystals themselves. Tin, antimony, and the remaining lead were 
then precipitated as sulphides in ca. 3N-acid, filtered off, and washed with hydrogen sul- 
phide solution. Indium precipitated on these sulphides was shown spectroscopically to be 
negligible. The combined filtrates from the sulphide precipitations were evaporated to a dark 
brown syrup, and a quantitative spectrographic test carried out. This indicated the presence of 
0-1—1 g. of indium, and also showed that zinc had been highly concentrated in the separation, 
the lines at 4682, 4722, and 4811 A. being intense. 

The hydroxides of iron, zinc, and indium were next precipitated by ammonium hydroxide 
and filtered off, a little hydrated iron oxide separating from the filtrate on standing. This showed 
a minute trace of indium spectroscopically. The main precipitate, containing practically the 
whole of the indium, was redissolved in hydrochloric acid. After neutralisation of the solution, 
the iron was separated by nitroso-8-naphthol. This involved the use of rather large volumes, 
and left a solution containing considerable nitroso-8-naphthol, which was extracted with ben- 
zene. A thiocyanate test showed that the bulk of the iron had been removed, but on concen- 
tration of the solution and examination of the residue it was found necessary to make a further 
separation. After removal of organic matter from the residue with benzene, the zinc hydroxide 
was dissolved in concentrated ammonium hydroxide, and the indium separated from the iron 
as the insoluble basic sulphite (Bayer, Annalen, 1871, 158, 372). Conversion of the sulphite 
into sulphide showed that iron had not been entirely removed even by this process, as some 
ferrous sulphide was carried down by the indium sulphide in dilute acetic acid solution. It was 
found that this could be removed by treating it with hydrogen peroxide until the black colour 
disappeared, and so converting it into ferric acetate. This left the indium sulphide along with 
residual sulphur, which was extracted with carbon disulphide, and the last traces removed by 
gentle ignition. The final weight of indium sulphide was only 0-0185 g., which represented one- 
tenth of the indium indicated by spectrographic tests. The rest of the indium was found mainly 
on the nitroso-8-naphthol precipitate, which was very bulky, and its indium content was not 
apparent until it had been ignited and the carbon residue extracted with acid. 

Separation from sample A. This was the larger sample, and richer than B in cylindrite. 
It was treated in a similar manner for the separation of the sulphides, after which the iron, 
zinc, and indium hydroxides were precipitated with concentrated ammonium hydroxide, and 
the zinc hydroxide dissolved in excess of the same reagent. The bisulphite separation was used 
to free the indium from iron, and, with the larger amount of indium, was more successful than 
it had been with sample B. Two bisulphite separations were necessary, and the product 
contained a little iron, but not enough to cause contamination of the indium sulphide when this 
40 
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1294 Condensation of Halogen-substituted Aldehydes with Nitro-paraffins. 


was precipitated from acetic acid solution. Spectrographic examination of the final product 
showed that it was reasonably pure, small traces of calcium, iron, and zinc being the main 
impurities. 269 G. of the crude mineral yielded 0-2048 g. of pure indium sulphide. A still 
higher yield might be obtained with large-scale extraction. 


Tue O.tp CHEMISTRY DEPARTMENT, UNIVERSITY MUSEUM, 
OXFORD. (Received, June 3rd, 1936.) 





278. The Condensation of Halogen-substituted Aldehydes with 
Nitro-paraffins. 
By F. D. Cuatraway, J. G. N. Drewitt, and G. D. ParKEs. 


UNDER slightly altered conditions both chloral and butylchloral condense with nitroethane 
as they do with nitromethane (Chattaway and Witherington, J., 1935, 1178), yielding 
respectively 833-irichloro-B-nitro-y-hydroxybutane, CCl,*>CH(OH)-CH(NO,)°CHs, and 88e-éri- 
chloro-B-nitro-y-hydroxyhexane, CH,CHCI-CCL CH(OH) *CH(NO,)-CH;. Chloral also con- 
denses, though not quite so readily, with phenylnitromethane, yielding rvy-trichloro-a- 
nitro-B-hydroxy-a-phenylpropane, CCl,*>CH(OH)-CH(NO,):C,H;. 

The compounds derived from nitroethane are slightly viscid liquids, which, under low 
pressures, can be distilled without decomposition, That derived from phenylnitromethane 
and chloral is a crystalline solid. They are all readily acetylated, the esters formed from 
the butane and the hexane compound being rather viscid liquids, which, under low pressures, 
can also be distilled without decomposition. The ester of the compound prepared from 
phenylnitromethane is a crystalline solid. 

All these compounds are inactive mixtures of the possible active forms, which it has not 
been possible to separate. 

EXPERIMENTAL. 


§88-Trichloro-B-nitro-y-hydroxybutane.—10 G. (1 mol.) of nitroethane, 24 g. (1 mol.) of 
chloral hydrate, and 5 g. of sodium sulphite were dissolved in 50 c.c. of water, and 0-5 g. of potass- 
ium carbonate added. The clear pale yellow solution thus obtained was warmed to 40°, where- 
upon it becamie cloudy owing to separation of the heavy liquid condensation product. Heating 
was continued to 70° to complete the reaction. After cooling, the heavy layer of condensation 
product was separated, any small amount remaining suspended in the mother-liquors being 
extracted with chloroform. The extract, mixed with the previously separated product, was then 
washed with very dilute hydrochloric acid and finally with water, dried (calcium chloride), 
and the chloroform distilled off. The condensation product remained as a pale yellow liquid, 
which was distilled under diminished pressure; yield 80%. 

888-Trichloro-B-nitro-y-hydroxybutane is a colourless, slightly viscid liquid, b. p. 95°/0-05 
mm., 115°/2 mm.; m 1-5040 (Found: C, 21-8; H, 2-8; N, 6-3. C,H,O,NCI, requires C, 21-6; 
H, 2-7; N, 63%). 

22 G. (1 mol.) of the foregoing compound and 20 g. (2 mols.) of acetic anhydride were mixed 
together, and a drop of sulphuric acid added, the temperature rising to 80°. After being heated 
for a short time on the water-bath, the mixture was fractionated under reduced pressure, the 
acetyl derivative distilling at 98°/0-05 mm., or 125°/2 mm., as a colourless, rather viscid liquid; 
n 1-4790 (Found : N, 5-3. C,H,O,NCI, requires N, 5-3%). 

38e-Trichloro-B-nitro-y-hydroxyhexane.—19 G. (1 mol.) of butylchloral hydrate and 7-5 g. 
(1 mol.) of nitroethane were dissolved in 50 c.c. each of water and alcohol, 5 g. of sodium sulphite 
and 1 g. of potassium carbonate added, and the solution warmed to 70°. After cooling, 200 c.c. 
of water were added, and the condensation product, which separated as a heavy layer, was isol- 
ated as before. 33¢-Trichloro-B-nitro-y-hydroxyhexane is a colourless, rather viscid liquid, b. p. 
138°/0-75 mm.; » 1-5060 (Found: N, 5-7. C,H,,O,NCI, requires N, 5-6%). Its acetyl deriv- 
ative is a colourless, viscid liquid, b. p. 140°/0-25 mm.; » 1-4890 (Found: N, 5-0. C,H,,0,NCI, 
requires N, 48%). 

yyy-Trichloro-a-nitro-B-hydroxy-x-phenylpropane.— G. (1 mol.) of phenylnitromethane and 
15 g. (2-5 mols.) of chloral hydrate were warmed together to 70°, a clear yellow liquid being 
obtained. To this, 2 g. of finely powdered potassium carbonate and a saturated solution of 1 g. 
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of potassium carbonate were added. The temperature rose to 80° and was maintained at this 
for 3minutes. The mixture was then poured into excess of water, and the condensation product, 
which separated as a viscid mass, was extracted with ether, the extract well washed with a moder- 
ately concentrated solution of potassium carbonate, and finally with water. After drying 
(calcium chloride), the ether was evaporated, and the condensation product remained as a yellow, 
viscid liquid which solidified on standing in an ice-chest for some hours. It was recrystallised 
from light petroleum (b. p. 60—80°), in which it is easily soluble and from which it separates as 
clusters of very pale yellow, rhombic prisms, m. p. 109° (Found: Cl, 37-3. C,H,O,NCI, requires 
Cl, 37-4%). Its acetyl derivative crystallises from boiling alcohol, in which it is readily soluble, 
as colourless, six-sided prisms with domed ends, m. p. 98° (Found: Cl, 32-5. C,,H)0,NCI, 
requires Cl, 32-6%). 


Tue Dyson PERRINS LABORATORY, OXFORD. [Received, July 20th, 1936.] 





279. The Friedel-Crafts Reaction in the Carbazole Series. Part II. 
By D. R. MitcuHett and S. G. P. PLANT. 


HITHERTO none of the carbazoledicarboxylic acids has been definitely characterised. A 
dibasic acid, m. p. above 340° (decomp.), obtained by the action of carbon dioxide at a 
high temperature on potassium carbazole has been mentioned (D.R.PP. 263,150, 442,609 ; 
Chem. Zentr., 1913, ii, 730; 1927, ii, 639), but without any statement regarding the 
positions of the substituents. The preparation of authentic samples of various 3 : 6-diacyl- 
carbazoles (Plant and Tomlinson, J., 1932, 2188; Plant, Rogers, and Williams, J., 1935, 
741) has now made it possible to obtain carbazole-3 : 6-dicarboxylic acid (I). The acid 
itself, which resulted from the fusion of 3 : 6-dibenzoylcarbazole with potassium hydroxide, 
melts above 370° (decomp.), but gives a well-characterised ethyl ester suitable for its 
identification. In a similar manner 3 : 6-dibenzoyl-9-methylcarbazole has been converted 
into 9-methylcarbazole-3 : 6-dicarboxylic acid, which also melts at a high temperature 
with decomposition, but gives a satisfactory ethyl ester. 

The observation that various acid halides react with carbazole and its 9-alkyl (but not 
9-acyl) derivatives in the presence of aluminium chloride to give 3 : 6-diacylcarbazoles 
(Plant, Rogers, and Williams, Joc. cit.) makes it probable that a similar process with acid 
anhydrides would lead to substitution in one or both of the 3- and the 6-positions. This 
has to some extent been confirmed by the fact that the use of acetic and benzoic anhydride 
has given with carbazole the corresponding 3 : 6-diacyl derivatives. The point is of 
considerable interest in connexion with the structure of substances obtained from carbazole 


O 
(1) CO,H¢*\ —/*\c0,H (r,) 
WAA or sites 
R 


NH 


and its 9-methyl and 9-ethyl derivatives with the aid of phthalic anhydride and aluminium 
chloride (Scholl and Neovius, Ber., 1911, 44, 1249; Ehrenreich, Monatsh., 1911, 32, 1103; 
D.R.P. 261,495; Chem. Zenir., 1913, ii, 396; Copisarow and Weizmann, J., 1915, 107, 
878; Ignatjuk-Maistrenko and Tichonow, Chem. Zenir., 1935, i, 2894). Diphthaloylic 
acids of the formula (II) are supposed to result, accompanied in the case of the 9-alkyl 
compounds by the monobasic acids (III). The former have been converted by the elimin- 
ation of two molecules of water in each case into anthraquinone-like substances which have 


cag a 
NR 


NR 

(III.) (IV.) 
found some application as dyes, but there appears to be no proof that the acids have their 
substituents in the positions indicated. In view of the fact that anomalous results are 








1296 Mitchell and Plant: 


common in Friedel-Crafts reactions in this series (Plant, Rogers, and Williams, Joc. cit.), 
it was decided to examine these substances and remove any possible ambiguity regarding 
their structure. 

The dibasic acid from carbazole, which melts with decomposition, has been 
decarboxylated to 3: 6-dibenzoylcarbazole, identical with the product of Plant and 
Tomlinson (loc. cit.), and its well-defined ethyl ester has been converted by fusion with 
potassium hydroxide into carbazole-3 : 6-dicarboxylic acid (I). The ethyl ester was also 
converted on methylation and ethylation into ethyl 9-methylcarbazole-3 : 6-diphthaloylate 
(as I1; R = Me) and the corresponding 9-ethyl compound (as II; R = Et), which proved 
to be identical with the substances obtained by the esterification of the acids derived from 
9-methyl- and 9-ethyl-carbazole respectively with phthalic anhydride. It is thus 
established that these dibasic acids have been correctly designated. The fact that the 
monobasic acid derived from 9-methylcarbazole is accurately represented by the formula 
(III; R= Me) has been proved by its decarboxylation to 3-benzoyl-9-methylcarbazole, 
identical with a compound obtained by the methylation of 3-benzoylcarbazole. 

The reaction between carbazole and succinic anhydride in the presence of aluminium 
chloride gave a satisfactory product only if carried out below room temperature, but under 
these conditions a good yield of a dibasic acid resulted. It has not been possible to degrade 
the substance into a compound which would furnish a rigid proof of its structure, but in 
view of the uniformity of the results obtained with other acid anhydrides there can be no 
doubt that it is carbazole-3 : 6-bis-y-ketobutyric acid (IV; R=H). The acid had m. p. 
285° (decomp.), but gave characteristic methyl and ethyl esters, and when reduced by the 
Clemmensen method it was converted into carbazole-3 : 6-dibutyric acid (V). Similarly, 
9-methylcarbazole has been converted into the corresponding acid (IV; R = Me), the 
ethyl ester of which was found to be identical with the compound obtained by the methy]l- 
ation of the ethyl ester of the acid (IV; R = H). 


Hy, 
CO,H-[CH,] [CH,],°CO,H a H, 
4 4 H, 
NH (Bz)NAc H, NAc 


(V.) (VI.) (VII.) 

In view of the fact that the application of the Friedel-Crafts reaction to 9-acylcarbazoles 
results in the introduction of a single substituent in the 2-position, and 9-acyltetrahydro- 
carbazoles (VI) give the analogous 7-substituted products (Plant, Rogers, and Williams, 
loc. cit.; Plant and Rogers, this vol., p. 40), it became of interest to study the reaction 
with 9-acetylhexahydrocarbazole (VII; R= H). It was found that the action of acetyl 
chloride and aluminium chloride gave a good yield of 6: 9-diacetylhexahydrocarbazole 
(VII; R = Ac), which has been hydrolysed to 6-acetylhexahydrocarbazole. The constitution 
of this product has been established by reducing it to 6-ethylhexahydrocarbazole, which gave 
a well-defined 9-p-nitrobenzoyl derivative and proved to be identical with the base obtained 
by the reduction of the 6-ethyltetrahydrocarbazole previously synthesised by Plant and 
Williams (J., 1934, 1142). It thus follows that 9-acetylhexahydrocarbazole differs 
fundamentally from the other carbazole compounds mentioned and behaves more like a 
simple benzene derivative, as would be expected from the fact that one of the carbon 
rings is fully reduced. 

EXPERIMENTAL. 

Ethyl Carbagole-3 : 6-dicarboxylate and its 9-Methyl Derivative.—3 : 6-Dibenzoylcarbazole 
(2 g.) was added to potassium hydroxide (20 g.) which had been melted with a little water (2 c.c.), 
and the temperature was slowly raised until reaction occurred. When cold, the mixture was 
dissolved in water, and the addition of hydrochloric acid to the filtered solution then precipitated 
carbazole-3 : 6-dicarboxylic acid (1 g.). The acid melts above 370° (decomp.) and is very 
sparingly soluble in the common solvents, but dissolves freely in dilute alkalis to give a bright 
yellow solution. Its suspension in alcoholic hydrogen chloride was refluxed for 6 hours, the 
solvent distilled off, and the residue shaken with dilute aqueous sodium carbonate to remove 
any unchanged acid. After crystallisation from alcohol, ethyl carbazole-3 : 6-dicarboxylate was 
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obtained in almost colourless plates, m. p. 203° (Found: C, 69-2; H, 5-6. C,,H,,O,N requires 
C, 69-4; H, 55%). 

After a solution of 3 : 6-dibenzoylcarbazole (3 g.) in acetone (60 c.c.) had been vigorously 
shaken with methyl sulphate (3 c.c.) and potassium hydroxide (3 g. in 1-5 c.c. of water), the 
addition of water precipitated 3 : 6-dibenzoyl-9-methylcarbazole, colourless prisms, m. p. 220°, 
from glacial acetic acid, in practically quantitative yield (Found: C, 83-4; H, 5-0. C,,H,,O,N 
requires C, 83-3; H, 49%). On fusion with potassium hydroxide, as above, this product 
gave the corresponding dicarboxylic acid, m. p. above 350° (decomp.), in poor yield, and 
subsequent esterification as before led to ethyl 9-methyicarbazole-3 : 6-dicarboxylate, colourless 
plates, m. p. 161—163°, from alcohol (charcoal) (Found: C, 70-2; H, 5-9. C,9H,,0O,N requires 
C, 70-2; H, 5-8%). 

3 : 6-Diacetyl- and 3 : 6-Dibenzoyl-carbazole.—After a mixture of carbazole (5 g.), nitrobenzene 
(70 c.c.), acetic anhydride (7 g.), and aluminium chloride (17 g.) had been kept at 0° for 8 hours, 
it was poured on ice—dilute hydrochloric acid, and the nitrobenzene removed in steam. When 
the residual solid had been washed with a little ether and then crystallised successively from 
acetone and alcohol, 3 : 6-diacetylcarbazole, identical (mixed m. p.) with the product of Plant, 
Rogers, and Williams (/oc. cit.), was obtained in almost colourless prisms, m. p. 233°. 

After carbazole had been similarly reacted upon with the corresponding quantity of benzoic 
anhydride, and the crude product treated with aqueous sodium carbonate to remove benzoic 
acid, and then crystallised successively from alcohol and acetic acid, 3 : 6-dibenzoylcarbazole 
was isolated. Its identity was confirmed by conversion into the 9-methy] derivative as described 
above, a mixed m. p. showing no depression. 

Ethyl Carbazole-3 : 6-diphthaloylate and its 9-Methyl and 9-Ethyl Derivatives.—Prepared as 
described by Scholl and Neovius (loc. cit.), carbazole-3 : 6-diphthaloylic acid melted with 
decomposition at 315° if rapidly heated, but at a lower temperature (298—302°) when heated 
more slowly. When a mixture of the acid (2 g.) and quinoline (5 c.c.) containing a little copper 
oxide was gradually heated, effervescence began at 160°. After the whole had been kept at 
170—220° for an hour, it was cooled, poured into dilute hydrochloric acid, and the resulting 
solid treated with aqueous sodium carbonate. The residue was crystallised from glacial acetic 
acid, and an almost quantitative yield of 3 : 6-dibenzoylcarbazole was obtained. Its identity 
was confirmed by conversion into the 9-methy] derivative, as already described, a mixed m. p. 
showing no depression. 

Ethyl carbazole-3 : 6-diphthaloylate, colourless needles, m. p. 195°, from alcohol, was obtained 
when the acid was refluxed for 6 hours with alcoholic hydrogen'chloride and the residue, after 
evaporation, shaken with aqueous sodium carbonate (Found: C, 73-9; H, 4:8. C,,H,,O,N 
requires C, 74-0; H, 48%). When this ester was treated with molten potassium hydroxide 
as described in the case of 3: 6-dibenzoylcarbazole, carbazole-3 : 6-dicarboxylic acid was 
obtained; it was identified by conversion into the corresponding ethyl ester (m. p. 203°), the 
m. p. of which showed no depression on admixture with the authentic specimen. 

After ethyl carbazole-3 : 6-diphthaloylate (1 g.) in acetone (20 c.c.) had been shaken with 
methyl sulphate (2 c.c.) and sodium hydroxide (2 g. in 2 c.c. of water) for several minutes, water 
precipitated the product as a sticky solid. On crystallisation from alcohol (charcoal), a small 
amount of resinous material separated first, but, after filtration, the mother-liquor then yielded 
ethyl 9-methylcarbazole-3 : 6-diphthaloylate in minute, colourless needles, m. p. 135° (Found : 
C, 74-4; H, 5-2. C,,H,,O,N requires C, 74-3; H, 5-1%). 

9-Methylcarbazole-3-phthaloylic and 3 : 6-diphthaloylic acids were obtained from 9-methyl- 
carbazole as described by Ehrenreich (loc. cit.). The latter was converted, as in the case of the 
corresponding carbazole derivative, into its ethyl ester, which separated from alcohol in colourless 
needles, m. p. 134—135°, and was identified by a mixed m. p. with the ester described 
immediately above. The former acid was decarboxylated by heating (0-5 g.) with quinoline 
(3 c.c.) and copper-bronze at 170—220° for 2 hours; 3-benzoyl-9-methylcarbazole, almost colourless 
prisms, m. p. 84—85°, from alcohol (charcoal), was obtained when the resulting mixture was 
treated successively with dilute hydrochloric acid and aqueous sodium hydroxide (Found : 
C, 84:3; H, 5-3. C,yoH,,ON requires C, 84-2; H, 5-3%). 3-Benzoyl-9-methylcarbazole was 
also prepared by shaking 3-benzoylcarbazole (described by Plant and Tomlinson, /oc. cit.) in 
acetone with methyl sulphate and potassium hydroxide for 10 minutes, the identity of the 
substances being established by mixed m. p. 

9-Ethylcarbazole-3 : 6-diphthaloylic acid, m. p. 268°, was prepared as described in D.R.P. 
261,495 and also by the method of Ignatjuk-Maistrenko and Tichonow (loc. cit.), and was 
converted by the usual process into ethyl 9-ethylcarbazole-3 : 6-diphthgjoylate, colourless prisms, 
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m. p. 178°, after being twice recrystallised from alcohol (charcoal) (Found: C, 74:4; H, 5-4. 
Cyg4H,,0,N requires C, 74-6; H, 53%). The same ester (mixed m. p.) was obtained when 
ethyl carbazole-3 : 6-diphthaloylate was ethylated with ethyl sulphate and alkali in acetone 
as described for the analogous 9-methy] derivative. 

Carbazole-3 : 6-bis-y-ketobutyric Acid and its Derivatives.—Carbazole (10 g.) and succinic 
anhydride (12 g.) in nitrobenzene (140 c.c., purified by distillation in steam) were treated with 
aluminium chloride (34 g.) below 0°, and the solution was kept at 0° for 8 hours. The yellow 
solid obtained when the mixture was then poured on ice—dilute hydrochloric acid was collected 
and dissolved in aqueous sodium carbonate. The solution was filtered from a trace of carbazole, 
and shaken with ether to remove any nitrobenzene. On addition of hydrochloric acid, carbazole- 
3 : 6-bis~y-ketobutyric acid (12 g.), minute, colourless needles, m. p. 285° (decomp.), from glacial 
acetic acid, was precipitated (Found: C, 64-6; H,4°8. C,9H,,O,N requires C, 65-4; H, 4-6%,). The 
acid was very sparingly soluble in the common solvents. Its methy] ester, colourless plates, m. p. 
195°, from methy] alcohol, and its ethy/ ester, colourless prisms, m. p. 173°, from alcohol (Found : 
C, 67-9; H, 6-0. C,,H,,O,N requires C, 68-1; H, 5-9%), were prepared by the usual procedure. 

9-Methylcarbazole-3 : 6-bis~y-ketobutyric acid, colourless prisms, m. p. 268° (decomp.), 
from glacial acetic acid (Found: C, 65-3; H, 5-0. C,,H,,O,N requires C, 66:1; H, 5-0%), 
and its ethyl ester, colourless needles, m. p. 142°, from alcohol (charcoal) (Found: C, 69-0; 
H, 6-2. C,,H,,O,N requires C, 68-6; H, 6-2%), were similarly prepared from 9-methylcarbazole. 
The latter ester (mixed m. p.) was also obtained when ethyl carbazole-3 : 6-bis~y-ketobutyrate 
(above) was shaken in acetone with methyl sulphate and potassium hydroxide; the product 
was precipitated with water and crystallised from alcohol. 

The keto-acid (4 g.) was refluxed with glacial acetic acid (40 c.c.) and amalgamated zinc 
(40 g.) while concentrated hydrochloric acid (40 c.c.) was added in portions during 4 hours. 
After filtration, carbazole-3 : 6-dibutyric acid, m. p. 197-—198° (after recrystallisation from aqueous 
acetic acid), separated in colourless plates (2 g.), on cooling (Found: C, 70-6; H, 6-2. Cy9H,,O,N 
requires C, 70-8; H, 62%). No satisfactory product was obtained during several attempts to 
effect cyclisation in this substance with the formation of a diketo-octahydrodinaphthacarbazole. 

6-Acetyl- and 6-Ethyl-hexahydrocarbazole.—A mixture of 9-acetylhexahydrocarbazole (5 g.), 
carbon disulphide (30 c.c.), and acetyl chloride (3 c.c.) was treated gradually with aluminium 
chloride (15 g.), and, after being kept for 3 hours, was refluxed for a further hour. After the 
solvent had been distilled off, the residue was scraped on to ice—dilute hydrochloric acid, and 
the product crystallised from alcohol; 6 : 9-diacetylhexahydrocarbazole was obtained in colourless 
prisms (4 g.), m. p. 123—-125° (Found: N, 5-4. C,gH,O,N requires N, 5-5%). It was 
hydrolysed by refluxing for 4 hour with concentrated hydrochloric acid. The product was 
isolated by making the solution alkaline with ammonia, extracting the base with ether, drying 
with potassium carbonate, and evaporating the extract. After purification by distillation under 
reduced pressure, 6-acetylhexahydrocarbazole, b. p. 251°/25 mm., was obtained as a very viscous, 
yellow oil which slowly solidified on keeping (Found: C, 78-1; H, 8-0. C,,H,,ON requires 
C, 78:1; H, 7-9%); it melted again at 73°. 

A solution of 6-ethyltetrahydrocarbazole (3 g., Plant and Williams, Joc. cit.) in sulphuric 
acid (150 c.c. of 60%) was reduced in the cathode compartment of an electrolytic cell during 
15 hours at room temperature, lead electrodes and a current of 4 amps. (approx. 0-02 amp./sq. 
cm. of cathode) being used. The oily base, liberated when the solution was diluted with water 
and made alkaline with ice-ammonia, was extracted with ether. After the extract had been 
dried and evaporated, the residual 6-ethylhexahydrocarbazole, b. p. 182°/20 mm., was distilled 
under reduced pressure (Found: C, 83-4; H, 9-5. C,,H,,N requires C, 83-6; H, 9.4%). The 
colourless oil solidified in a freezing mixture and melted again at 30—32°. When the base 
was shaken in acetone with potassium hydroxide and the theoretical amount of p-nitrobenzoyl 
chloride, and the mixture diluted with water, 9-p-nitrobenzoyl-6-ethylhexahydrocarbazole, pale 
yellow prisms, m. p. 153°, from alcohol, was precipitated (Found : C, 72-0; H, 6-4. C,,H,,0,N, 
requires C, 72-0; H, 6-3%). 

6-Acetylhexahydrocarbazole (4 g.), or its 9-acetyl derivative, was refluxed with amalgamated 
zinc (30 g.), concentrated hydrochloric acid (90 c.c.), and water (25 c.c.) for 10 hours. After 
the solution had been filtered (hot) and made alkaline with sodium hydroxide, 6-ethylhexa- 
hydrocarbazole (0-6 g.) was obtained by distillation in steam. It was isolated by extraction 
with ether and purification as before, and its identity confirmed by conversion into the 
9-p-nitrobenzoy! derivative, m. p. and mixed m. p. 153°. 


Tue Dyson Prerrins LaBoraTory, OXFORD. (Received, July 18th, 1936.] 
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280. The Occurrence of Solanidine in Sprouting Potatoes. 
By G. R. CLtemo, W. McG. Morean, and R. RAPER. 


In the course of a survey now being undertaken, we examined the shoots of potatoes, and 
in view of the publication of Soltys and Wallenfels (Ber., 1936, 69, 811) it appears desirable 
to place our results on record. Besides the alkaloidal glucoside, solanine, we have found 
that in some varieties the aglucone solanidine is present, presumably in the freé state, 
as it can be readily extracted by ether. Thus, from the British Queen we obtained solani- 
dine equivalent to 0-04%, of the weight of the fresh undried colourless shoots, and about the 
same proportion is present in Kerr’s Pink and the Bishop. Very little was found in shoots 
of the Majestic, and none in those of Arran Banner, at any rate at the season at which we 
examined them, but on then extracting the same Arran Banner shoots with 2% acetic acid, 
as used by Soltys and Wallenfels, we obtained 0-04% of their weight of solanine. The 
examination of many varieties of potatoes has shown that solanidine is only to be found in 
the eyes or shoots and not in the body or eye-free skin of either normal mature or quite 
young tubers. The identity of the solanidine was established by its m. p. and specific 
rotation, and the preparation of an acetyl and a dihydro-derivative, whose properties are in 
agreement with those recorded by Soltys (Ber., 1933, 66, 762). It is not affected by treat- 
ment with methyl-alcoholic potash or sodium amalgam, and shows only weak general 
absorption in the ultra-violet. 

Soltys and Wallenfels, on the grounds of the formation of Diels’s hydrocarbon by the 
selenium treatment of solanidine, suggest for it formula (I), containing fused sterol and 
lupinane nuclei. We consider, however, that selenium dehydrogenation would be unlikely 
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to split out the lupinane nucleus entirely from such a system. Such a formula would be 
derived from a Cg, sterol. The well-characterised phytosterols contain 28 or 29 carbon 
atoms, but our analyses as well of those of Soltys are in better agreement with C,, for 
solanidine. At present, the well-characterised C,, sterols are the zoosterols cholesterol 
and coprosterol. Preservation of the established side chain in these leads to formula (II), 
which we suggest may represent solanidine rather than (I). This structure, in which the 
remaining 8 carbon atoms are attached only to carbon atom 17 of the sterol nucleus, would 
more readily explain the formation of Diels’s hydrocarbon, and further, 5-membered hetero- 
cyclic rings attached to C,, occur in the cardiac glucosides such as strophanthin. 

Menschikoff (Ber., 1936, 69, 1802) suggests that a methyldipyrrole system such as forms 
part of (II) is aiso’the parent: substance of the basic part of the alkaloid helotrine, from 
Heliotropium lasiocarpium, but his work cannot yet be regarded as conclusive, 

Work on this interesting problem is being continued. 


EXPERIMENTAL. 


The fresh shoots were minced, covered with ether, and left for 48 hours. The ether was 
dried (sodium sulphate) and evaporated, and the resulting solanidine (m. p. 213° alone or mixed 
with a specimen prepared from Merck’s solanine; Soltys gives m. p. 219°) recrystallised from 
light petroleum (b. p. 80—100°) (Found: C, 81-2, 81-2, 81-3; H, 10-8, 11-1, 11-4. Calc. for 
C,,H,,;ON : C, 81-0; H, 11-0%); af in alcohol (/ = 2, ¢ = 0-3668) — 0-209°, [a]? — 28-5°. 

The dihydro-derivative was formed when solanidine (30 mg.) in alcohol (30 c.c.) was shaken 
with platinum oxide (150 mg.) in hydrogen at 100 Ib./in.*. After removal of the catalyst and 
alcohol, the residue crystallised from light petroleum in colourless needles (11-3 mg., m. p. 214°; 
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Soltys gives 222°) (Found: C, 81-1, 81-4; H, 11-5, 11-7. Calc. for C,,H,,ON: C, 81-2; H, 
11-3%). 

The acetyl derivative was obtained by heating solanidine (12 mg.) with acetic anhydride 
(10 drops) for 10 minutes. Water and sodium carbonate solution were added, and the acetyl 
derivative collected. It crystallised from alcohol in needles (11 mg., m. p. 203°; Soltys gives 
204°) (Found : C, 79-3; H, 10-1. Calc. for C,,H,,O,N : C, 79-2; H, 10-3%). 

The shoots, after the ether extraction, were extracted for solanine as recommended by 


Soltys. . 


One of us (W. McG. M.) thanks the Department of Scientific and Industrial Research for a 
maintenance grant. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 27th, 1936.] 





281. Complex Nickel Compounds. Part I. The Formation and 
Solvation of Nickelous Chloride in some Non-aqueous Liquids. 


By D. R. CHESTERMAN and A. S. NICKELSON. 


LITTLE is known of the reaction between nickel and hydrochloric acid; the dilute acid 
is stated to have very little effect (Hale and Foster, J. Soc. Chem. Ind., 1915, 34, 464), 
but there is no record of the reaction between the metal and solutions of hydrogen chloride 
in non-aqueous liquids. Various organic liquids of widely different structure have now 
been used as solvents for the hydrogen chloride, and it has been found possible to divide 
these liquids into three classes, viz., 


Group I, Group II. Group III. 
Water Ethyl ether Chloroform 
Methyl alcohol Methyl acetate Carbon tetrachloride 
Ethyl alcohol Ethyl acetate Carbon disulphide 
Propyl alcohol Light petroleum 


isoPropyl alcohol Benzene 
Acetic acid Nitrobenzene 


Group I.—Solutions of hydrogen chloride in these liquids attack nickel rapidly with 
evolution of heat, the nickelous chloride and the liquid forming a green or blue-green, 
soluble co-ordination compound. The rate of reaction increased with decreasing molecular 
weight of the solvent, and in water and the lower alcohols a yellowish-green precipitate 
of the co-ordination compound was soon formed. On the other hand, with the higher 
alcohols and acetic acid, the co-ordination compound was formed only after prolonged 
passage of hydrogen chloride. 

Group II.—Solutions in these liquids attack nickel more slowly, forming brownish-green 
solutions of the co-ordination compound. In this case the compound was not precipitated 
from solution by continued action of the hydrogen chloride. 

Group III.—Solutions in these liquids do not attack nickel. 

The conditions of the reactions between iron and hydrogen chloride dissolved in various 
liquids have already been described (Chesterman, J., 1935, 906), and it is interesting to 
compare those results with the present work. Apparently nickel is slightly less reactive 
than iron, since the only differences observed were with acetone and chloroform as solvents, 
for hydrogen chloride in these two liquids reacts with iron, but not with nickel. 

In addition, three further liquids have been examined, viz., nitrobenzene, acetic acid, 
and u-propyl alcohol. Since it has been shown (loc. cit.) that the chief factors affecting 
this type of reaction are (a) solubility of hydrogen chloride in the liquid and (5) specific 
conductivity of the saturated hydrogen chloride solution, which is a measure of the extent 
of ionisation of the hydrogen chloride, these values have now been determined, S being 
the solubility (grams of hydrogen chloride/gram of solution) under the given pressure, 
and «x the conductivity (mhos) of the saturated solution, both at 25° : 
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Propyl alcohol. Nitrobenzene. Acetic acid. 


Bh wudoves ccs scnoessseupheschasdoqar 0°313/768 mm. 0°00085/760 mm. 0-067/758 mm. 
UBT pei cinctagravesmaubinsanenenesies 1-71 x 10°? 8:13 x 10-% 1-02 x 10° 


For purposes of comparison, reactions were carried out between these three solutions 
and iron, and these were exactly analogous with the reactions with nickel; 1.e., white 
ferrous chloride co-ordination compounds were formed with propyl alcohol and with 
acetic acid, but there was no reaction in nitrobenzene: Except in the case of liquids of 
similar structure, no connection was observed between dielectric constant of the liquid 
and the extent of ionisation of hydrogen chloride in it; ¢.g., there was only a negligible 
ionisation of the hydrogen chloride in nitrobenzene (¢99- = 36-1), but a saturated solution 
in propyl alcohol (eg9. = 12-3) was strongly ionised. This does not agree with the 
Nernst-Thomson rule. Apparently the important factor affecting ionisation of the 
hydrogen chloride is the affinity of the solvent for the proton. Only when this affinity 
is sufficiently great to break down the covalent bond between the hydrogen and chlorine 
does ionisation take place. 

It is of interest that no reaction took place between hydrogen chloride solutions in 
nitrobenzene and nickel or iron, although conductivity measurements indicate a slight 
ionisation of the solute. On the other hand, a vigorous reaction takes place between 
ethereal solutions of hydrogen chloride and both metals, without any ionisation of the 
hydrogen chloride. : 

Other nickel co-ordination compounds are being prepared, and it is hoped to advance 
reasons for apparent anomalies and to indicate the mechanism of the reactions in a later 
paper. 

EXPERIMENTAL. 

In all the experiments, the purest nickel powder obtainable was used. The details of 
purification of most liquids have already been given (Joc. cit.). Pure n-propyl alcohol was dried 
with quicklime and distilled, head and tail fractions being neglected, and the product redistilled 
from calcium turnings; b. p. 96-6—97-4°/763 mm. Nitrobenzene was washed with dilute 
hydrochloric acid, then with aqueous potash, and finally with water. It was dried over fused 
calcium chloride and distilled, head and tail fractions being neglected; b. p. 209-8— 
210-5°/757 mm. Glacial acetic acid (m. p. 15-8°) was used without further purification. 

The apparatus used was similar to that employed in the preparation of the corresponding 
chromium compounds (Chesterman, J., 1933, 796), with the following modifications. Fused 
ammonium chloride was used in a Kipp’s apparatus instead of sodium chloride in a flask. 
Special reaction vessels of Pyrex glass were used, consisting of a 100 c.c. wash-bottle with a 
very wide (1}’’) ground glass neck. : 

Compounds with Methyl Alcohol.—(1) Dry hydrogen chloride was passed into a suspension 
of nickel (ca. 3 g.) in 25 c.c. of methyl alcohol. After a short induction period the nickel began 
to dissolve, forming a green solution, and after nearly an hour a yellowish precipitate was 
deposited. When sufficient solid had collected, the liquid was decanted, and the compound 
together with any excess nickel was dried on a porous plate in a desiccator over calcium chloride. 
A portion of the dry powder was taken for analysis. It was disgolved in water, the unattacked 
nickel collected in a sintered-glass crucible, washed, dried, and weighed, and nickel and chloride 
were estimated in aljquot parts of the main solution as dimethylglyoxime complex and silver 
chloride respectively (Found: Ni, 35:58; Cl, 43-20. NiCl,,CH,O reqitires Ni, 36-32; Cl, 
43-80%). 

(2) The dark green solution which was decanted from the reaction vessel in the previous 
experiment was filtered into a dish in a calcium chloride vacuum desiccator and left at 
atmospheric pressure. The tap in the vacuum desiccator was replaced by a calcium chloride 
tube so that there was no danger of pressure developing as the alcohol evaporated. Bright 
green crystals collected after some weeks, and were rapidly dried between previously dried 
filter papers (Found: Ni, 30-65; Cl, 39-00. NiCl,,2CH,O requires Ni, 30-32; Cl, 36-63%). 
It was essential to analyse the compound immediately, for in the air it soon lost the extra alcohol 
molecule, forming the monomethy! alcoholate. 

Compound with Ethyl Alcohol.—This 1: 1-compound was prepared in a similar manner to 
the corresponding methyl alcohol compound, and was also a yellow powder soluble in water 
to a green solution (Found : Ni, 33-98; Cl, 41-95. NiCl,,C,H,O requires Ni, 33-40; Cl, 40-39%). 
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The compound was prepared in a purer state by refluxing anhydrous nickelous chloride with 
absolute alcohol, an §-shaped calcium oxide tube at the top of the condenser preventing ingress 
of moisture. Nickelous chloride was added through the top of the condenser to the hot alcohol 
a little at a time until no more would dissolve. The hot solution was filtered and allowed to 
crystallise in a vacuum desiccator over calcium chloride. The yellowish-green crystals were 
dried on a plate over calcium chloride, losing their green tinge and becoming yellow (Found : 
Ni, 33-20; Cl, 41-18%). : 

Compounds with n- and with iso-Propyl Alcohol.—These compounds were prepared and 
analysed in a similar manner to that used for those of methyl alcohol. They formed greenish- 
yellow powders, but owing to the slowness of the reaction only a very small quantity of each 
could be obtained (Found, for Pr* compound; Ni, 35-7; Cl, 46-0; for Pr® compound; Ni, 
35-3; Cl, 44-9. 2NiCl,,C,H,O requires Ni, 36-8; Cl, 44-4%). The colour of the solution in 
both cases was blue, indicating a change in structure, in agreement with their constitution as 
hemi-alcoholates. Both compounds crystallised far less readily than those with lower alcohols. 

Compounds with Acetic Acid.—(1) The greyish-buff solid which was precipitated from the 
green solution in the reaction vessel was analysed after drying on a porous plate (Found : 
Ni, 36-21; Cl, 47-03. 2NiCl,,C,H,O, requires Ni, 36-77; Cl, 44-43%). 

(2) The green solution from the previous experiment was filtered into a crystallising dish 
and allowed to evaporate in a vacuum desiccator over calcium chloride and solid sodium 
hydroxide. A small quantity of very pale yellowish-white.crystals was obtained (Found : 
Ni, 31-52; Cl, 36-88. NiCl,,C,H,O, requires Ni, 30-96; Cl, 37-40%). 

Other Compounds.—With ether. The greenish-yellow solution did not deposit crystals in 
the reaction vessel, but on evaporation in a desiccator, green crystals of the co-ordination 
compound were deposited (Found: Ni, 33-94; Cl, 42-66. NiCl,,C;H,,O requires Ni, 35-23; 
Cl, 42-55%). 

With methyl acetate. This compound was isolated in the form of a green powder by allowing 
the solution from the reaction vessel to evaporate in a vacuum desiccator over calcium chloride 
(Found: Ni, 35-23; Cl, 42-55, Ni: Cl: CH,CO,CH, = 1: 1-999: 0-446). The loss of ester 
may be taken as indicating a weak link to the nickel atom. 

With ethyl acetate. Only a trace of olive-green compound could be isolated, insufficient for 
analysis. 

Most of the analyses indicate a rather high chloride content. This may be partly due to 
slight occlusion of hydrogen chloride by the crystals. Owing to the readiness with which 
nickelous chloride co-ordinates, it was thought unwise to wash the crystals with the usual 
organic solvents for hydrogen chloride. In addition, there is a possibility that a slight amount 
of direct combination with the hydrogen chloride takes place after some time. 

In view of the similarity between nickel and iron compounds generally, it is of interest 
that, in nearly every case, ferrous chloride was able to co-ordinate with twice as many solvent 
molecules as nickelous chloride, under similar conditions; e.g., corresponding compounds were : 


NiCl,,MeOH NiCl,,2MeOH _NiC1,,EtOH 2NiCl,,PrOH  2NiCl,,CH,*CO,CH, 
FeCl,,2MeOH FeCl,,4MeOH ‘FeCl, , EtOH FeCl,,Pr®OH — FeCl,,CH,-CO,CH, 


Measurements of conductivity were carried out in the specially designed cell already described 
(Chesterman, J., 1935, 909), the hydrogen chloride being prepared as before and dried with 
anhydrous aluminium chloride? Instead of the sliding wire bridge, an accurate helicoid bridge 
calibrated by the makers (Messrs. Tinsley) was used. 

The estimation of solubility in all these experiments was carried out gravimetrically, this being 
necessary in the case of acetic acid, because of the acid solution. About 4 c.c. of the saturated 
solution at atmospheric pressure and 25° were pipetted mechanically from the cell into a weighing 
bottle. This was closed, weighed, and then opened under water, the chloride being estimated 
by precipitation with silver nitrate solution in presence of dilute nitric acid. 


The authors’ thanks are due to Dr. A, I, Vogel for the gift of certain reagents, and to Imperial 
Chemical Industries and the Chemical Society for grants. 


WootwicH PotytTeEcunic, Lonpon, S.E. 18. [Received, July 2nd, 1936.] 
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282. Hquilibrium Constants in Terms of Activities (Cryoscopic). Part V. 
p-Toluidine o-Chlorophenoxide and p-Chlorophenoxide in Benzene and 
in p-Dichlorobenzene. 


By W. R. BuRNHAM and W. M. Mapain. 


SoME extension of the results reported in earlier parts of this series (J., 1934, 1292, and 
earlier references) seemed desirable. The existence of the o- and #-chlorophenoxides of 
p-toluidine as compounds has already been ‘demonstrated (this vol., p. 789), and their 
dissociation in benzene and in p-dichlorobenzene has now been investigated. 

If o-chlorophenol is chelated (Sidgwick and Callow, J., 1924; 125, 527) but o-cresol is 
not, the heat of formation of f-toluidine 0-tolyloxide might show some marked difference 
from that of the o-chlorophenoxide. Further, because of the widely different dipole 
moments of o- and #-chlorophenol, viz., 1-2 and 2-3 respectively (Landolt—Bérnstein, 
‘* Tabellen,”’ 1931 and earlier), the heats of formation of the compounds of #-toluidine with 
each of these phenols seemed of interest. It was hoped that these results might contribute 
further to the problem as to whether compounds of the type amine—phenol all contain 
the same fundamental linkage. 


EXPERIMENTAL. 


p-Chlorophenol was purified as previously reported by us (Joc. cit.), and other materials 
were as reported in earlier parts of this series (Joc. cit.). 










































































A. Benzene solutions. B. Dichlorobenzene solutions. 
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I. p-Toluidine and o-chlorophenol together in solution (y). 
II. p-Toluidine o-chlorophenoxide, undissociated (yap). 


_ IIL. p-Chlorophenol (yp). 
IV. p-Toluidine and p-chlorophenol together in solution (y). 
V. p-Toluidine p-chlorophenoxide, undissociated (yas). 


Binary Systems.—The solutes selected form eutectic systems with both solvents and, with 
one exception, the various binary systems thus involved have been reported in earlier parts | 
of this series. Sidgwick and Turner (J., 1922, 121, 2256) found that the ayeiem p-chlorophenol- 
benzene was of the eutectic type. 

Activity Coefficients.—Tables I, II, and III, together with the figure, give the results of the 
present work. The experimental cryoscopic method was as before, but the original method 
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was simplified in the calculation of the molar ratios (m) of the uncombined constituents of amine- 
phenol complexes. The product m*y,y, was determined by the original experimental method, 
and plotted against m. The resulting curve has been used to determine m values corresponding 


to M values, since (M+y)* = m*y,yz. 


TABLE I. 


Activity coefficients for p-chlorophenol as solute. 
(M = Molar ratio of solute; AT = depression of f. p.) 
Benzene solutions. p-Dichlorobenzene solutions. 


109M. AT. YB- 10M. AT. YB- 109M. AT. YB: 109M. AT. yB- 
0°766 0°050° 0-994 16°20 1:001° 0°893 0°988 0°048° 0-999 15°04 0°698° 0°919 
1551 O°101 0°988 17°97 1:107 0°883 1983 0°096 0-994 16°63 0°768 0-911 
2°357 0153 0°982 20°37 1:242 0-869 2-402 O'116 0-991 18°93 0°869 0°899 
3°592 0232 0972 22°09 1°341 0°863 3°260 0°157 0°986 20°81 0°936 0°889 
4315 0278 0°967 24°08 1°452 0°852 3°401 07178 0°985 23°00 1:042 0-875 
4°884 0314 0°963 27°88 1°663 0°835 4438 0°213 0°980 24°68 1:112 0°869 
6-288 0402 0953 32°11 1°893 0°815 4905 0°235 0°976 27°73 1°238 0°855 
8109 0515 0°942 35°13 2°056 0°802 6892 0328 0°962 31°27 1°382 0°838 

10°00 §=0°631 0°929 38°88 2°248 0°787 8058 0°382 0958 32°14 1°420 0°835 

12°48 0O°'781 O915 42°86 2°451 0°772 8932 0°432 0°953 37°86 1°641 0°808 

14:00 O'871 0905 45°79 2-600 0°759 9598 0453 0949 41°09 1°765 0°795 

14°64 0-909 0-901 1150 0-540 0-939 45°57 1:931 0°776 

13°38 0°624 0°928 


TABLE IIT. 


Equilibrium constants and activity coefficients for benzene and p-dichlorobenzene solutions 
of p-toluidine o-chlorophenoxide at molar ratio, M. 


a YB, and yan = activity coefficients of p-toluidine, 6-chlorophenol, and undissociated complex 
Ya YB Y y P Pp 


respectively.) 
Benzene solutions. p-Dichlorobenzene solutions. 


10°M. AT. Keg. y- Ya- -  YaB- 1PM. Ate He y- Ya- 
0°398 0°052° 0°993 0°505 0°049° 0-996 
0°605 0°079 0°986 1-022 0°099 0°994 
0°786 0°102 20°65 0°983 0°997 1: 0-998 1:229 0-119 0°992 
1182 0°153 20°97 0°975 0°995 1: 0°997 2°396 0°231 0°984 
1553 0°200 21°17 0-968 0-994 1: 0°995 2°700 0°260 0°981 
2-106 0270 21°17 0-958 0-993 1: 0-991 3°120 0°300 0°979 
2°406 0°307 20°75 0°951 0°992 1° 0°989 3°774 0°362 0°978 
2°939 0°373 20°69 0°942 0-991 1: 0°987 4°588 0°439 0°971 
3°218 0°408 21°10 0°938 0°990 1- 0°983 5°662 0°540 0°964 
4°065 O°511 21°06 0°923 0-988 1-011 0-971 6°251 0°595 0°960 
4°487 0°561 21°01 0-915 0-987 1°012 0°964 7°799 0°739 0°952 
5°794 O°715 20°87 0°892 0°985 1°015 0°955 9°420 0°888 0°943 
6°673 0°816 21°02 0°878 0°982 1°017 0°945 9°946 0°936 0°939 
8°722 1-051 21°09 0°850 0-978 1°020 0-912 11:29 1-058 0°931 
10°98 1°303 20°97 0°819 0-973 1:022 0-871 12°58 + 1°170 0°927 
13°58 1°564 20°79 0°788 0°970 1°024 0°838 13°82  1°285 0°919 
16°05 1°799 21°05 0°753 0°964 1°025 0°796 14°95 1°385 0°913 
17°91 1°985 20°73 0°731 0°959 1°025 0°762 17°08 1°572 0-902 
22°20 2°376 21°07 0°686 0°954 1:024 0°730 20°03 =1°826 0°884 
26°64 2°762 20°91 0°645 0°950 1°022 0-674 22°48 2-034 0°874 0-970 
31°14 3°120 20°90 0°609 0°947 1°019 0°637 25°02 2°246 0°862 0°962 
35°24 3°437 20°60 0°581 0°945 1°017 0°596 30°02 2°656 0°839 0°949 
39°78 3°738 20°61 0°548 0°944 1°014 0°551 35°13 3°066 0°817 0-938 
44°09 4003 20°59 0°519 0°942 1°012 0°524 40°19 3°456 0°796 0°928 
4711 4213 20°60 0°503 0°940 1-010 0°508 45°16 3°834 0°777 0-920 


Average values of K,: in benzene, 20°95; in p-dichlorobenzene, 8°66. 


228 


Qa-10 
Pmt tet pert prt pet feet feet feet pet feet 


5352222228 


SESES525 


-—-— 
ooo 
— 
wm Go bo 


SACWKADOBDOUWADe-«) 
Orbs > @ 


COSCO 


Ge © OP Ge Ge © GP OP © GP Ge GO GP Ge GO OP ge GO OP OP GD 
EAE AAARARLLSSRAAIRAS HR 
31m Oo © 
~] 


© 
a 
Se oor 


Heats of Formation.—The average values of K, (Tables II and III) have been applied in the 
isochore (cf. Part II, J., 1933, 1431), whence the heats of formation of p-toluidine p-chloro- 
phenoxide (Q = — 4200 cals.) and o-chlorophenoxide (Q = — 3500 cals.) have been found. Each 
compound is formed exothermally (JT, = 277:0°; T, = 324-3°). 
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TABLE ITI. 


Equilibrium constants and activity coefficients for benzene and p-dichlorobenzene solutions 
of p-toluidine p-chlorophenoxide at molar ratio, M. 


(ya, ys, and yag = activity coefficients of p-toluidine, p-chlorophenol, and undissociated complex 
respectively.) 
Benzene solutions. p-Dichlorobenzene solutions. 


10°M. AT. Ke. y- Ya- YB- YAB- 10°M. AT. Ke. y- Ya: YB- YAB- 
0°525 0°068° 47°47 0°973 1:000 0°996 0-998 0°508 0°049° 0°991 
0°815 0°105 48°32 0°963 0°997 0°994 0°994 1404 0°135 16°81 0°976 1°002 0°998 0°995 
1-619 0°204 48°10 0°921 0°994 0-990 0°988 1-448 0°139 16°81 0°974 1:002 0°996 0°994 
2°332 0°289 48°39 0°893 0°993 0°984 0°957 1-976 0°189 16°88 0°966 1-003 0-993 0-991 
4°556 0°534 48°97 0°803 0°987 0°970 0°885 2°444 0°232 16°85 0°959 1:003 0°992 0°984 
5°203 0°601 49°01 0°787 0°986 0°968 0°825 3°740 0°351 16°79 0°937 1°005 0°984 0°968 
6155 0°697 47:96 0°757 0°985 0°962 0°786 5°002 0°462 16°29 0°919 1:006 0°979 0°955 
6°846 0°764 49°02 0°738 0°984 0°960 0°761 6°586 0°603 16°67 0°897 1:007 0°971 0°925 
9°040 0°967 48°19 0°681 0°981 0°953 0°691 7670 0°695 16°74 0-879 1:006 0°965 0°904 
10°28 1°:073 48°88 0°651 0°979 0°948 0-650 8°568 0°771 16°79 0°866 1:005 0°961 0°897 
11°33 1°160 48°04 0°630 0°977 0°941 0°624 10°42 0°924 16°84 0°840 1°003 0°953 0°869 
13°19 1°310 48°55 0°595 0°975 0°935 0°600 11°17 0°983 16°82 0°828 1:002 0°950 0°857 
16°00 1°528 48°25 0°549 0°973 0°930 0°551 13°06 1°144 16°22 0°802 1°000 0°942 0°843 
18:24 1°697 48°66 0°520 0°971 0°928 0°525 13°75 1:185 16°83 0°795 0°998 0°939 0°828 
20°21 1°838 48°10 0°496 0°969 0°926 0°505 15°75 1:340 16°67 0°769 0°994 0°932 0°809 
22°08 1°978 47°84 0°478 0°968 0°924 0°489 16°26 1°377 16°85 0°762 0°993 0°930 0-800 
24°51 2°144 48°16 0°456 0°967 0°920 0°475 17°33 1°454 16°88 0°752 0°991 0°927 0°791 
27°04 2°316 47°80 0°437 0°965 0°914 0°462 19°50 1°608 16°15 0°737 0°986 0°918 0°766 
30°47 2°560 48°76 0°411 0°963 0°910 0°447 22°26 1-797 16:36 0-709 0°980 0°910 0°731 
32°56. 2°704 48°69 0°398 0°961 0°908 0°437 26:29 2-068 16°02 0°674 0°973 0°904 0°685 
38°44 3°096 49°03 0°368 0°959 0°900 0°422 27°77 2°164 16°00 0°658 0°969 0°895 0°670 
41°37 3°296 48°98 0°350 0°958 0°898 0°417 30°65 2°322 16°20 0°636 0°964 0°888 0°640 
44°39 3°500 48°81 0°337 0°956 0°891 0°412 34:77 2°570 16°19 0°608 0°957 0°878 0°609 
39°88 2°858 16°14 0°574 0°950 0°868 0°571 
45°39 3°149 16°55 0°537 0°944 0°859 0°535 
50°18 3°382 16°42 0°513 0°940 0°852 0°509 


Average values of K,: in benzene, 48°39; in p-dichlorobenzene, 16°54. 


DISCUSSION. 


The values of K, (Tables II and III) are of the same order as those of #-toluidine 
o-tolyloxide (Part IV; J., 1934, 1292), and the stabilities of all of these complexes in 
solution are evidently similar. By contrast, the K, values for pyridine and quinoline 
o-chlorophenoxides (Part III; J., 1934, 260, and earlier) are much larger, and these 
compounds are correspondingly more stable than those of p-toluidine. 

To facilitate comparisons, the heats of formation already reported in earlier parts of 
this series are reproduced : pyridine o-chlorophenoxide, — 6800 cals.; quinoline o-chloro- 
phenoxide, — 6800 cals.; -toluidine o-tolyloxide, — 6000 cals. 

The very different heats of formation of compounds of o-chlorophenol with #-toluidine 
(Q = — 3500 cals.) and pyridine or quinoline (? = — 6800 cals.) are paralleled by the 
corresponding dipole moments of the bases, viz., p-toluidine, 1-2; pyridine, 2-2; quinoline, 
2-2 (Landolt—Bérnstein, op. cit.). ' 

If each of these complexes is formed by a co-ordinate link N—H (cf. Part IV), then the 
heat values suggest that such links do not show uniformity, but are considerably influenced 
by the chemical nature of the constituents of the complexes. This would be the case if 
dipole attraction is a contributory cause of co-ordination. Moelwyn-Hughes and Sherman 
(this vol., p. 101), discussing co-ordination, review different mechanisms which “are 
alternative attempts to describe the same phenomenon,” and dipole attraction is one 
such mechanism. 

In Part IV the ionisation constants were referred to as indicating probable relative 
heat values, but the heats of formation of the three o-chlorophenoxides cited would not 
be predicted by considering ionisation constants only. 

Chelation will also be a factor. The presence of chelation in o-chlorophenol and its 
absence in o-cresol may be expected to give different heat values for the same base, ¢.g., 
their compounds with #-toluidine. However, the actual difference (2500 cals.) may not 





1306 Gibby and Addison : 


be entirely accounted for by chelation; the two phenols have different ionisation constants 
and dipole moments. 

p-Toluidine p-chlorophenoxide has a slightly greater heat of formation than the o-chloro- 
phenoxide, as chelation considerations would suggest, although a greater difference might 
beanticipated. The value for p-toluidine p-chlorophenoxide (— 4200 cals.) seems surprising 
when compared with that for its o-tolyloxide (— 6000 cals.), since there is no chelation 
involved in either case. The dipole moments of the phenols are: #-chlorophenol 2:3, 
o-cresol 1-44. However, the actual length of the dipole is greater in the former, and 
compound formation may be retarded when two dipoles of dissimilar length are associating 
as in p-toluidine p-chlorophenoxide. 

The activity coefficient, y,,, of p-toluidine p-chlorophenoxide (see fig.) is greater 
than 1, whereas, if such compounds associated in solution (cf. Sidgwick, ‘‘ The Covalent 
Link in Chemistry,” 1933), the value would be less than 1. Dipole association of the 
solvent, p-dichlorobenzene (cf. Part IV, p. 1295), may account for the present values of 
YaB- 
SUMMARY. 

The equilibrium constant, K, = a,,/a,4,, has been calculated for the dissociation 
of p-toluidine o- and p-chlorophenoxide in benzene and in p-dichlorobenzene. 

Average values of K, have been found for the two mean temperatures, 7, = 277-0° 
and T, = 324-3°, and the van ’t Hoff isochore has been applied to calculate the heats of 
formation of the complexes. 

These values have been compared with those previously reported, and the probable 
influences of dipole moments, dipole association, and chelation have been discussed. 


One of us (W. R. B.) is indebted to the Council of Armstrong College for a Research 
Studentship. 


ARMSTRONG COLLEGE (UNIVERSITY OF DURHAM), 
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283. Adsorption at the Interface between Two Fluids. Part II. The 
Adsorption of Five Dyestuffs at a Paraffin-Water and at an Air- 
Water Interface. 

By C. W. Gipsy and C. C. AppIson. 


Part I (this vol., p. 119) described investigations of the adsorption of methylene-blue, 
methyl-orange, Congo-red, and orange-II at the surfaces of drops of benzene and chloro- 
benzene moving through aqueous solutions of those dyes. The investigations have now 
been extended to include two additional types of interface and a fifth dyestuff, Bordeaux- 
extra. Robinson (Faraday Society Discussion on Colloidal Electrolytes, 1935, p. 250) 
deduced from conductivity measurements that this dyestuff ‘‘ exists in very dilute solutions 
in the form of single ions, or nearly so.”’ It was therefore used because it should in this 
respect provide a substance having properties in the greatest possible contrast to those of 
micelle-forming dyestuffs such as Congo-red. 

It was expected on general grounds that aromatic dyestuffs would be adsorbed from 
aqueous solution by aromatic liquids in which they were insoluble. Benzene and chloro- 
benzene were used in the hope of finding some correlation between the polar nature of an 
adsorbent and its adsorbing power. To provide a contrast to the action of these liquids, 
the adsorption at the interfaces between aqueous solutions and air, and aqueous solutions 
and a liquid aliphatic hydrocarbon (a light paraffin free from aromatic hydrocarbons), 
has been investigated. It was anticipated that adsorption at the air—-water and paraffin- 
water interfaces would be much less than in the case of the aromatic liquids. 

No adsorption of any of the five dyes at the air—-water interface could be detected. 
This is consistent with the fact that the surface tension of the solutions, as determined by 
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the capillary-rise method, at no concentration showed a lowering of more than 1 dyne/cm. 
The whole of the results obtained for liquid-liquid interfaces are summarised in the following 


table. 
Methylene- Methyl- Bordeaux- 


Dye. blue. Orange-II. Congo-red. orange. extra. 


Nature in solution - Mainly Mainly Forms ? Simple 
simple simple micelles 
Complex Complex Complex Complex 
Sodium Sodium Sodium Sodium 


Molecular area, A.* (from scale 
drawing) 40 112 192 79 153 


Adsorption curve on all three sol- Stays at Stays at Returns Returns Returns 
maximum maximum to zero to zero to zero 
Actual area, A.?, occupied per molecule, at max. adsorption. 
215 180 470 218 3840 
215 180 117 40 5235 
812 231 2300 674 1858 


The adsorption curves for Bordeaux-extra at all three liquid-liquid interfaces are similar 
to those of Congo-red and methyl-orange, passing through a maximum and then falling 
again to, or towards, zero’as concentration an (h 
increases. The influence of the nature of the " bee 
adsorbent is the reverse of that found in these Bordeaux-extra 
two. cases, the maximum adsorption on par- 
affin being twice that on benzene, and three 
times that on chlorobenzene. The latter 
order is, however, the same as that of the 
curves calculated from Gibbs’s equation. The 
plane projection of the Bordeaux-extra mole- 
cule (Fig. 1, drawn to scale) has an ap- ° 
proximate area of 153 sq. A., measured as a 
close, straight-sided polygon drawn round the 
figure. The quantity of this dyestuff adsorbed 
on all three interfaces constitutes at most only : 
about one-twelfth of that necessary to form a close-packed unimolecular layer. This is in 
sharp contrast to the behaviour of Congo-red, although the structures of the two molecules 


Fic. 2. 


“ 
Qn 


I. Bordeaux-extra on paraffin (cale.) 
. 7 » — (0bs.) 
» benzene (calc.) 
- » 06s.) 
» chlorobenzene (calc.) 
, ” (obs.) 
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Ss 


‘ 


> 
.< 





Dye adsorbed, g.(«10™) per cm?, 





0-05 00 
Dye concentration, g./t. 


differ only slightly. Furthermore, the discrepancies between the observed values for 
Bordeaux-extra, and those calculated from the approximate form.of Gibbs’s equation, are 
the largest of all those investigated (Fig. 2, and Tables I, E, F, G, and II, E, F, G). 
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TABLE I. 
(A) Methylene-blue on paraffin. (B) Ovange-II on paraffin. 
Initial Time of Surface Adsorption Initial Time of Surface Adsorption 
concn., flow, area, coefficient, concn., flow, area, coefficient, 
g./1. mins. cm.?. : g. /1. mins. cm.?. g./cm.? x 108. 
0-0210 1420 59,330 0-10 : 0-0302 1185 40,520 
0-0421 1420 46,850 . ° 0-0678 1260 33,890 
0-1012 1103 47,570 . : 0-1180 1054 39,950 
0-2023 1187 41,780 S ; 0-1715 * 1136 29,100 
0-3380 1200 60,710 . . 0-2826 1395 45,600 
0-5400 1200 57,280 . . 0-4340 * 1365 41,430 
0-6775 1100 37,150 
0-9801 3504 100,000 
(C) Methyl-orange on paraffin. (D) Congo-ved on paraffin. 
0-0166 1176 35,530 0-14 0-00738 1370 69,720 
0-0554 930 31,210 0-55 0-0203 1080 42,420 
0-1108 1275 43,580 0-0304 1260 44,860 
0-1754 1200 36,560 0-0407 1080 39,200 
0-2338 900 34,100 0-0738 1330 58,660 
0-4962 1155 44,420 0-1215 1215 46,310 
(E) Bordeaux-extra on para (F) Bordeaux-extra on benzene. 
0-0100 1580 61,120 60-0310 1357 51,710 
0-0200 1400 44,330 0-0558 1310 57,350 
0-0500 1200 43,050 0-0939 936 46,190 
0-0800 1515 37,450 0-1261 1260 44,020 
0-1605 1200 49,230 0-1765 1440 47,610 
(G) Bordeaux-extra on chloro 
0°0162 1353 43,480 
0°0408 1257 38,560 
0°0783 1327 47,080 
0°1280 1292 48,980 
0°2227 1325 47,820 
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* “ AnalaR ” Petroleum ether. 
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The adsorption curves for the other four dyes on paraffin, though showing in each case a 


much smaller adsorption than on benzene or chlorobenzene, yet maintain the same form as 
on these two adsorbents. 


Fic. 3. ° 


ga. 


Qn 


I. Orange -II on paraffin (calc.) 
Me = «# ~# (06s) 
II. Methylene-blue on paraffin (calc.) 
IV. » 


, G(«I0”) per cm’. 
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04 05 06 07 08 09 70 
Dye concentration, g./t. 





The adsorption of methylene-blue on paraffin (Fig. 3 and Table I, A) rises with concen- 
tration to a maximum which represents only one-quarter of the corresponding surface 
density on benzene. Nevertheless, the adsorption maintains a maximum value which 
corresponds to an adsorbed layer containing only about one-sixth of the amount of dye 
necessary for a unimolecular layer. The adsorption curve for orange-II on paraffin (Fig. 3, 
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TABLE II. 


Reading from o—C curve. Reading from o-C curve. 
Adsorp- Adsorp- 
o, tion, o, tion, 
Concn., Drop dynes/ Concn., do/* g./cm.? Concn., Drop dynes/ Concn., do/* g./cm.* 
g. /l. no. cm. g. /l. dc. X 10°. g./l. no. cm. g./l. dc. x 10°. 
(A) Methylene-blue on paraffin. (B) Ovrange-II on paraffin. 
00000 8228 = 135 ‘ : 1-58 00000 228 51:35 005 29-0 
071038 243 48°36 : : 2°36 01460 253 4655 010 21:0 
0°2000 248 47°43 . ‘ 1-75 266 4439 O15 #£19°0 
0°3460 250 47:07 ; . 1-00 284 41°71 O20 # 160 
0°7200 252 46°72 ‘ ‘ 0°92 305 38°96 025 13° 
10380 255 46°21 . ’ 0°95 0°40 ‘ 
, 0°95 0°60 
0°76 0°80 ‘ 
0°63 1-00 95 
(D) Congo-ved on paraffin. 
228 51:35 002 76:0 
245 47°98 O05 45:0 
249 47:25 008 2 
258 4569 O10 1 
269 43°92 0-15 
273 43°32 0°20 
280 42°29 0:25 
0°30 
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(E) Bordeaux-extra on , (F) Bordeaux-exira on benzene. 
00000 228 8 51°35 136 35°38 
071000 241 48°67 144 33°44 
02000 248 47°38 149 = 32°31 
03650 256 45°94 152 = 31°82 
05520 264 44°63 157 = 30°81 
0'7360 268 44:03 161 30°00 
09210 272 43°46 
(G) Bordeaux-extra on chlorobenzene. 
188 37:41 002 16-2 
194 3633 006 8 12° 
198 35°60 0°10 . 
202 35°08 i 
206 34°46 
208 34:07 
209 33°90 
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and Table I, B) is still rising at a concentration where investigation was abandoned for 
experimental reasons. It is therefore possible that at some higher concentration the 
adsorption will reach the same maximum value as it attains on both benzene and chloro- 
benzene. The curves showing the adsorption of Congo-red (Fig. 4, and Table I, D) and 
methyl-orange (Fig. 4, and Table I, C) on paraffin are of the same form as those for the two 
aromatic adsorbents, but the adsorption reaches a maximum value only one-third (for 
methyl-orange) and one-fifth (for Congo-red) of the corresponding maximum value on 
benzene. 

The interfacial tensions of Bordeaux-extra solutions against benzene and chlorobenzene, 
and of all five dyes against paraffin, #ave been measured by the drop-weight method prev- 
iously described. These results, together with the values of the adsorption calculated by 
means of the approximate form of Gibbs’s equation, are given in Table II. They represent 
curves of similar shapes to those published for benzene and chlorobenzene. 

Calculation of Activity Coefficients.—Much emphasis is often, and rightly, laid upon the 
approximate nature of the equation I! = — c(do/dc)/RT, and the desirability of replacing 
concentrations (c) by activities (a) as in the exact equation Tf = — a(de/da)/RT. Since, 
however, activity coefficients are defined as appreaching unity at great dilutions, the values 
of I calculated from these two equations should approach one another as the concentration 
of the solution diminishes. If, therefore, the use of concentration instead of activity were 
the only cause of the discrepancy between experimental results and values of I calculated 

4P 
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from the approximate equation, the experimental and the calculated curves should coincide 
at very low concentrations. Out of the 15 adsorption curves which have been obtained, 
we find this coincidence in only 3 cases, viz., methylene-blue on chlorobenzene, Congo-red 


Fic. 4. 
I. Congo-red on paraffin (calc.) 


r j \ I, Methyl-orange on paraffin (calc) 
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on benzene, and orange-II on paraffin. In all other cases the slopes of the curves as con- 


centration approaches zero are markedly different. 
We have determined for these three cases the values of activity coefficient necessary 


to bring the observed and the calculated curves int6 coincidence, as follows. Let I, andT, 


Fic. 5. 


Ns 


t. 
~ 


I. Orange -H- paraffin - water interface. 
I I. Congo-red - benzene- water interface. 
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Activity coefficients calculated from adsorption measurements. 


represent respectively the amounts of adsorption observed and calculated from the approxi- 
mate equation. Then I, should equal — a(do/da)/RT ; therefore 


I, = — {c(do/de)/RT}{a(de/da) /c} = T{a(de/da) jc} 
and a(dc/da)/c = T,/T, = f(c). 
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The values of this ratio can be read from the adsorption graphs. 
Now a.dc/da =c. f(c), therefore 


i “tH Jofle)]dc = | "asje = [log a), 


1/cf(c) can be plotted against c, and the value of the integral between the limits c, and c, 
can be obtained by measuring the area under the curve; c, is taken as the highest concen- 
tration at which I, and TI, coincide. The activity coefficients, y, so obtained are shown in 
Fig. 5 and Table IIi, from which it can be seen that in two out of the three cases the values 


TABLE III. 
(A) Congo-ved on benzene. 


‘ C=C, 
Concn., f(c) = dc|cf(c). 
g./l. rT, x 10%. T, x 108. a(dc/da)/c. c=t 2303 log a. = a. 
1-0 0°00 — 4°606 0°01 
0°69 1°88 —2°72 0°068 
0°25 2°50 —2°10 0°12 
0-065 4:02 —0°58 0°56 . 
0-039 7°22 +2°62 13°8 115 
0-021 12°42 7°82 251 1793 
0016 19°62 15-00 2°8 x 10° 1°75 x 107 
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(B) Methylene-blue on chlorobenzene. 
1-0 0°00 —2°47 
1°25 0°17 — 2°30 
1-22 0°82 — 1°65 
1-30 1-14 —1°33 
1-42 1°35 —1-12 

1:50 —0°97 
1°61 —0°86 
1-71 —0°76 
1-79 —0°68 
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c, = (A) 0-01; (B) 0-08; (C) 0-03. 
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are plainly impossible. Even in the third case, that of methylene-blue, the values are 
scarcely probable, in view of the low concentrations involved. 

It seems clear, therefore, that the difference between the observed and the calculated 
values of !' which we have obtained cannot be due entirely to the lack of data for the activities 
of the solutes. Hence, no further useful purpose can be served by endeavouring to apply 
Gibbs’s equation in the absence of further information as to the influence of the electrical and 
other factors expressly excluded in its derivation. 

Application of Gas Laws to Adsorbed Layers.—In those cases in which adsorption passes 
through a maximum and falls again to zero as concentration increases, there arises a paradox 
similar to that commented upon by McBain (Nature, 1936, 187, 659), and of which he has 
suggested a possible explanation. The interfacial tension between the dye solution and the 
organic liquid is reduced, yet we can detect no adsorption at the interface. This is in- 
explicable unless it is assumed that at certain concentrations a solute may lower the inter- 
facial tension of the solvent by some other mechanism than movement from the body of 
the solution to the interface. This anomaly is further emphasised and this conclusion 
strengthened if our results are treated in the manner introduced by Langmuir (J. Amer. 
Chem, Soc., 1917, 39, 1883) and since adopted by Rideal and others (e.g., Proc, Roy, Soc., 
1925, A, 109, 57 ; 1926, A, 110, 167) for soluble substances, In this treatment the adsorbed 
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material is regarded as existing in a layer of unimolecular thickness. An equation FA = 
RT can then be deduced, to represent the connection between F (the surface pressure as 
measured by the diminution in interfacial tension) and A (the area of interface occupied per 
g.-mol.). This equation can be applied so long as the adsorbed material behaves like a gas 
whose molecular movements are restricted to two dimensions. It can therefore be used to 
discriminate between “‘ gaseous ” and “‘ liquid ” adsorbed layers, since in the latter case A 
will be constant over a wide range of pressures. 

The FA-F curves for orange-II and methylene-blue at all three interfaces are, at any 
rate at low surface pressures, of forms similar to the PV—P curves for gases deviating 
somewhat from Boyle’s law, and represent the behaviour of “ gaseous” layers. Three of 
them (Fig. 6; curves 3, 4, and 5) involve constant values of A over considerable ranges of 


Fic. 6. 








4 5 6 
F, dynes/cm. 


. Methylene-blue on paraffin. A = cm." per g.-mol. x 101°. 
. Ovange-II on paraffin. 

. Ovange-II on chlorobenzene. 

. Methylene-blue on chlorobenzene. 
. Orange-II on benzene. 

. Methylene-blue on benzene. A = cm.* per g.-mol. x 101}. 
. Bordeaux-extra on benzene. A = cm.* per g.-mol. x 10%. 


j° = om.” per g.-mol. x 10°. 


the higher values of F, indicating a transition from “‘ gaseous ”’ to “ liquid” layers. An- 
other type, shown by those dyes for which the adsorption curves pass through a maximum, 
e.g., Bordeaux-extra on benzene, further illustrates the paradox, in that it involves at high 
surface pressures a simultaneous increase of pressure and of area occupied per molecule. 

Some further experiments were carried out with methyl-orange to confirm the fall in 
adsorption at high concentrations. A sample of this dye was treated successively with 
chloroform and paraffin in a Soxhlet extractor for several hours to remove organic impur- 
ities. It was then recrystallised four times from specially purified water of x = 8 x 10° 
mho. This purification was additional to that described in Part I (loc. cit.), but the results 
fall on the curve previously obtained, chlorobenzene being used as adsorbent : 


Concentration, g. /I. 0-9951 0-9280 
Adsorption, g./cm?. x 68 + 0-2 6-0 + 0-37 6-4 + 0-3 


EXPERIMENTAL. 


The paraffin used in the majority of the experiments was the ordinary “‘ petroleum ether,” 
di? 0-716, distilling completely between 83° and 97° (74% below 90°) and containing 3% of 
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aromatic hydrocarbons. Experiments upon ‘‘ AnalaR ’’ paraffin, free from aromatic hydro- 
carbons, gave results falling on the curves obtained with the commercial product. The inter- 
facial tension between the paraffin and pure water was 51-35 dynes/cm. The drop pipette used 
with paraffin and benzene had a volume of 28-59 cm.’, and a jet radius of 0-1435 cm. For 
chlorobenzene the pipette specified in Part I was used. 

Bordeaux-extra (I.C.I.) was further purified by salting out four times from aqueous solution 
with 40% sodium acetate, followed by treatment with absolute alcohol until free from acetate 
(cacody] test). 

The adsorption apparatus and experimental methods used were precisely similar to those 
adopted for the experiments with benzene (loc. cit.). The experiments were carried out at 17° 
+ 1-5°. 

In the attempts to measure the adsorption at the air—water interface, the method of McBain 
and Davies (J. Amer. Chem. Soc., 1927, 49, 2230), in which the bulk solution drains away from the 
bubbles which then pass over an inverted U-tube, was tested with apparatus of various dimen- 
sions, but was impracticable for the dyestuff solutions used: the bubbles collapsed before 
passing over the bend, since the surface tensions of the dye solutions were virtually the same as 
those of water. An apparatus based on similar principles to that of Donnan and Barker (Proc. 
Roy. Soc., 1911, A, 85, 557) was therefore used. Small bubbles of air were drawn into the appar- 
atus through a jet of thermometer tubing, passed slowly up an inclined tube of relatively large 
diameter, and then through four large baffle chambers into a reservoir in which they collapsed. 
The solution from the inclined tube was compared in a tintometer with the original, after an 
interface of about 10 m.? had been exposed. Experiments were carried out with each dye at 
three different concentrations. No adsorption was found, and blank experiments showed that 
the results were not invalidated by back diffusion. 


We are indebted to Messrs. Imperial Chemical Industries, Ltd., for the gift of a sample 
of Bordeaux-extra. We thank the Chemical Society for a grant from the Research Fund. 
One of us (C. C. A.) is indebted to the Cumberland Education Authority for a grant from the 
Edward Seton Chance Fund. 
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284. An Investigation into the Mechanism of Asymmetric Synthesis with 
Reference toa New Type. 


By J. Kenyon and S. M. PARTRIDGE. 


(I) Most recorded examples of asymmetric synthesis where a compound of known consti- 
tution is used to impart a dissymmetric bias to a reaction depend for their success on the 
production of a mixture of diastereoisomerides in unequal amounts, an optically active 
product being obtained when the original centre of asymmetry is removed. 

In order to account for an inequality in the amounts of the diastereoisomerides (I) and 
(II) obtained as intermediate products in the asymmetric synthesis of (—)-atrolactinic acid 


Ph OMglI Me OMglI : 
©) Me><0,CiHis Ph><CO,C,oH,p 
(-) (—) (+) (—) 
from benzoylformic acid, McKenzie (‘‘ Ergebnisse der Enzymforschung,” 1936, V, 58) 
suggests that the ethereal solution of (—)-menthyl benzoylformate used in the Grignard 
reaction contained a mixture of (A) and (B) in unequal amounts. Here it is assumed that 
(A-) Ph*CO*CO,C,9Hy, Ph-CO-CO,C,,H,, (B-) 
eee (—) (+) (-) 
the ketonic double bond under the influence of ‘‘ asymmetric induction ”’ is capable of 
contributing to the optical rotatory power of the molecule, and further that, on addition of 
methylmagnesium iodide, (A) leads to (I) and (B) to (II), so (I) and (II) are also formed in 
unequal amounts. Clearly, in order to account for this inequality it is necessary to assume : 
(a) a constitutional difference in (A) and (B) and an excess of one over the other, or (6) that 


, 
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menthyl benzoylformate is homogeneous, but that collisions with the addendum likely to 
give rise to (I) are more favoured than those giving rise to (II). The following experiment 
was designed to test which of these two assumptions is the more probable. 

It was found by Hills, Kenyon, and Phillips (this vol., p. 576) that (—)-«y-dimethylallyl 
alcohol (III) yields with phosphorus trichloride (+-)-«y-dimethylallyl chloride, which on 
hydrolysis with a cold aqueous suspension of calcium carbonate gives a dextrorotatory form 


CHMe(OH): CH ne —- CHCIMe- CHi -CHMe —-> CHMe(OH)- CHi -CHMe 
(+) 
(IIT.) (IV.) (V.) 


of «y-dimethylallyl alcohol (V). Compound (III) on catalytic reduction yields optically 
pure (—)-methyl-n-propylcarbinol, whereas (V) yields the di-carbinol. A possible explan- 
ation of these reactions is that during the hydrolysis of (IV) the optical activity due to the 
fixed centre of asymmetry is lost, whilst that due to induced dissymmetry in the double 
bond remains. 

Thus a compound owing its optical activity solely to a centre of induced dissymmetry is 
available for a comparative study. The (—)-alcohol (III) readily combines with bromine 
to give (+)-methyl-«8-dibromo-n-propylcarbinol (V1). This on oxidation with chromic 
anhydride in acetic acid solution yields (+-)-methyl «6-dibromo-n-propyl ketone (VII). On 


CHMe(OH)-CH:CHMe —> €HMe(OH)-CHBr-CHBrMe —> COMe-CHBr-CHBrMe 
(III.) (V1.) (VII.) 


the other hand, the dextrorotatory alcohol (V), by similar treatment, yields a d/-dibromo- 
alcohol and subsequently d/-methy] «$-dibromo-n-propy] ketone. 


(V.) CHMe(OH): cH: CHMe —-> CHMe(OH)-CHBr-CHBrMe (VIII.) 
(inactive) 

It appears to follow, eoutiea that induced dissymmetry of a double bond as indicated 
by its contribution to the optical rotatory power of a compound is incapable of effecting an 
asymmetric synthesis, and that, as in mechanism (bd), it is a difference in energy associated 
with the diastereoisomeric intermediate products which is responsible for the one-sided 
addition. 

(II) In order to make a further investigation into the course of the reaction described 
in Section I, a similarly constituted unsaturated alcohol, (+-)-y-phenyl-«-methylallyl 
alcohol (IX) (Kenyon, Partridge, and Phillips, this vol., p. 85), was chosen as being likely to 
afford crystalline dibromo-derivatives. This alcohol combines readily and completely with 
bromine at 18° to give a mixture of two methyl-«$-dibromo-$-phenylethylcarbinols (X) 
which, without crystallisation or other form of separation, is smoothly oxidised to (—)- 
methyl «$-dibromo-§-phenylethyl ketone (XI). By fractional crystallisation, (X) can be 


CHMe(OH)-CH:CHPh —> CHMe(OH)-CHBr-CHBrPh —> COMe-CHBr-CHBrPh 
+45°7° [M] cae: in CHCl, —31-1° 
(IX.) (X.) (XI.) 


separated into a (+)- and a (—)-isomeride, m. p. 112—113° (fine hairy needles from 
light petroleum) and 87—88° (large glassy prisms from light petroleum) respectively. 
The rotatory powers are given in Table II. Oxidation of the alcohol of higher m. p. yields 
a (+)-ketone, and that of the other alcohol a (—)-ketone, both of m. p. 127°. Since the 
rotatory powers. of these two ketones (Table II), although of opposite sign, are of equal 
magnitude, it is very probable that they are optically pure substances, and thus it is possible 
to calculate the degree of effectiveness of the asymmetric synthesis. 

Ina similar way, the (—)-form of (IX) afforded a (—)-methyl-«$-dibromo-8-phenylethyl- 
carbinol of m. p. 112—113°, which proved to be the optical enantiomorph of the less 
soluble dibromo-alcohol mentioned above, and on oxidation it was converted into optically 
pure (—)-methyl «8$-dibromo-8-phenylethyl ketone. 

These reactions are illustrated in different ways by Table I. 
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TABLE I. 
(+)-CHPhBr-CHBr-CH( (OH)Me (+)-CHPhBr-CHBr-CH(OH)Me 


(m. p. 112°) (m. p. 88°) 
os ants wai Tie he 


(+)-CHPh:CH-CH(OH)Me tt )-CHPhBr-CHBr-COMe —)-CHPh:CH-CH(OH) Me 


(m. p. 61°) )-CHPhBr-CHBr-COMe (m. p. 61°) 
cae oe en ogy ie 


(—)-CHPhBr-CHBr-CH(OH)Me (—)-CHPhBr-CHBr-CH(OH)Me 
(m. p. 88°) (m. p. 112°) 
(+) (+) (m. p. 112°) (+) (m. p. 127°) 
h h 


—Br H—C—Br 


OH 
(+) (—) (m. p. 88°) (—) (m. p. 127°) 


Each of the optically active dibromo-alcohols, since it contains three asymmetric centres, 
is theoretically capable of existing in four isomeric forms the mixture of which on oxidation 
should give rise to two isomeric dibromo-ketones. The dibromo-ketone, however, was 
homogeneous and obtained in good yield, showing that only two of the four possible isomeric 
dibromo-alcohols were present in the mixture. This is in harmony with the fact that 
y-phenyl-a-methylallyl alcohol behaves like a single geometrical isomeride and not as a 
mixture of cis- and ¢rans-forms (Kenyon, Partridge, and Phillips, Joc. cit.). 


TABLE IT. 


Specific Rotatory Powers of Methyl-x®-dibromo-p-phenylethylcarbinols and of the derived 
Ketones. 


Substance. M. p. . [e]sses- ([a]s7e0- ([@]saca- ([@]ease- 
(1) (+)-CHPh:CH-CH(OH)Me 61° 500 + 24:79 + 26°5° + 30-9 + 60-7" 
( +)-CHPhBr-CHBr-CH(OH)Me from (1)... 112—113 1: ‘9 +1278 +261 
( —)-CHPhBr-CHBr-CH(OH)Me from (1)... 87—88 p ‘ ‘3¢—119°7 —224-4 
(4) (+)-CHPhBr-CHBr-COMe from (2) . ‘1 + 526 + 84°4 
( —)-CHPhBr-CHBr-COMe from (3) “ , 3 — 51°7 — 80°7 
( —)-CHPh:CH-CH(OH)Me 6 , — 30°9 — 
( —)-CHPhBr-CHBr-CH(OH) Me from (6)... ° ¥ 4 —128°'3 —248 
(8) (—)-CHPhBr-CHBr-COMe from (7) 9 — 52:5 — 87°8 
( +)-CHPhBr-CHBr-CH(OH)Me from (6)... , ‘0 +1200 +230 
l +)-CHPhBr-CHBr-COMe from (9) 4 , 0 + 47°83 + 787 


* The solvent was chloroform and / = 2 in every case. 


The work of Soper and Smith (J., 1926, 1582) and of Eichelberger (J. Amer. Chem. Soc., 
1925, 47, 1067) suggests that, in the addition of halogens at the ethylenic linkage, the attack 
is by the polarised molecule and not by either of its ions. The positive pole is assumed to 
enter before the negative pole, the latter, in ionising solvents, being liberated as an anion 
after addition of the former has taken place. It is probable that in a relatively non-polar 
solvent such as chloroform, the anion does not actually separate, with the result that ¢vans- 


( 











1316 An Investigation into the Mechanism of Asymmetric Synthesis, etc. 


TABLE III. 
Specific Rotatory Powers of Methyl «8-Dibromo-B-phenylethyl Ketones obtained by Oxidation 
of the Methyl-«-dibromo--phenylethylcarbinols prepared at Temperature t°. 


% of maximum 
In CHCl, rotatory power, 


t. Medium. [a] sses- (a) s790- [a] sae1- [a]asss- (2, 2), ¢. [a] sae1 +52°6°. 
— 15° CHCl, a —20°0° —21-6° —34:1° 2°13 41:1 of (—) 
— 6 ~ — 16°5 17°9 30°3 5°15 34°0 ,, (—) 
+18 is —_ 9-2 10°15 19°6 2°70 19°4 ,, (—) 
+60 PP + 1:7° + 1°84 + 2°45 + 4°75 3°27 4°7 ,, (+) 
+75 CCl, — _— + 3°50 + 7°50 0°96 6°7 ,, (+) 


addition to the double bond is inhibited, and the number of diastereoisomerides formed is 
consequently reduced. 

As the energy of activation of a reaction frequently varies with the temperature at which 
it takes place, some variation in the composition of the mixture of dibromo-alcohols was to 
be anticipated when the addition of bromine to the unsaturated alcohol was made at 
different temperatures in the same solvent. Experiment proved that an unexpectedly 
wide variation in the rotatory powers of the ketones obtained by oxidation of the mixtures 
of dibromo-alcohols produced at different temperatures (Table III) did actually occur, 
the (—)- or the (+)-ketone predominating according as the temperature was low or high. 

The five values of [«];,.; given in Table III lie on a curve, but attempts to extend these 
measurements were not very successful; at lower temperatures the reaction was very 
sluggish, and at higher temperatures it did not proceed smoothly. McKenzie (0. cit., p. 60) 
has been able to predict the sign of rotation of substituted glycollic acids formed by asym- 
metric synthesis from (—)-menthyl benzoylformate and from (—)-menthyl pyruvate. His 
prediction is based upon the sense of the contribution of the ketonic system to the total 
rotatory power of the ester in certain alcoholic solvents. 

Clearly, in the above example no such prediction could be made, for the same initial 
material is able to give rise to either the dextro- or the levo-rotatory dibromo-ketone 
according to the temperature of the reaction. 

In order to show that the diastereoisomerides were not in a state of tautomeric equi- 
librium under the conditions of the reaction, a portion of the mixture prepared at a low 
temperature was heated under reflux in chloroform solution for 2 hours without any change 
in composition taking place. 

EXPERIMENTAL, 


(+)-Methyl-aB-dibromopropylcarbinol (8-3 g.), prepared by addition of bromine (8 g:) in 
chloroform (20 c.c.) at room temperature to (— Oy matey alcohol (ase — 1-40°; 7, 2) 
(4:3 g.), has nif’ 1-5336, b. p. 103°/13 mm., a580s + 2-04°, aif. + 2-15°, a8, + 2-46°, aif, + 
4-90° (/, 0-5) (Found : Br, 64- . C,;H,,OBr, requires Br, 65-0%). This (8-3 g.) on oxidation w with 
chromic anhydride (2-5 g.) in glacial acetic acid (10 c.c.) at 60° gave (+-)-methyl aB-dibromopropyl 
ketone (4-5 g.), b. p. 90°/13 mm., ni® 1-5195, aif, + 3-06°, af, + 334°, af%, + 3-85°, aif, + 
8-25° (/, 0-25) (Found : C, 25-4; H, 3-6. C,H,OBr, requires C, 24-6; H, 3-3%). Ina similar 
manner the dextrorotatory «y-dimethylallyl alcohol («§%, + 0-38°; /, 0-5) obtained by hydrolysis 
of (+)-«y-dimethylallyl chloride gave optically inactive methyl-«$-dibromopropylcarbinol, 
b. p. 112°/20 mm., which (12-3 g.) on oxidation with chromic anhydride (3 g.) gave inactive 
methyl a8-dibromopropy] ketone (10 g.), b. p. 90°/13 mm. 

Addition of bromine (8 g.) in 50% chloroform solution to (-+)-y-phenyl-a-methylallyl alcohol 
(7-4 g) in chloroform (30 c.c.) at room temperature yielded a mixture of two isomeric methyl- 
af-dibromo-f-phenylethylcarbinols which, after removai of the chloroform, were obtained 
crystalline (Found : C, 39-1: H, 4-2. C, .H,,OBr, requires C, 39-0; H, 3-9%). 

The solid residue (15 g.) was dissolved in glacial acetic acid (15 c.c.), and the solution at 60° 
mixed with chromic anhydride (3-0 g.) in portions. 

Methyl «8-dibromo-B-phenylethyl ketone separated on dilution with water, and crystallised 
from hot alcohol in glistening prismatic needles, m. p. 127°, [a] 54g; — 10-15° (7, 2; c, 2-7 in chloro- 
form) (Found : C, 39-4; H, 3-3; Br, 52-2.. C,,H, ,OBr, requires C, 39-2; H, 3-3; Br, 52-3%). 

In a second experiment a mixture of dibromo-alcohols, prepared at — 15° (9-0 g.) (m. p. 
65—70°), was recrystallised six times from hot light petroleum to constant m. p. (112—113°) 
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and rotatory power, [a]ss93 + 107°1°, [a] 5299 + 115°9°, [a] sae. + 128-0°, [a]assg + 261-0° (2, 
2; c, 1-473 in chloroform). This homogeneous (+ +)-methyl-«8-dibromo-8-phenylethyl- 
carbinol (2-0 g.) on oxidation in acetic acid solution with chromic anhydride (1-0 g.) yielded 
(+)-methyl «8-dibromo-f-phenylethy] ketone (1-75 g.) as prismatic needles, m. p. 127° (decomp.) ; 
[a] sens + 42°8°, [a] 5299 + 46°1°, [a] sag, + 52°6°, [a] q359 + 84:4° (2, 2-0; c, 3-70 in chloroform). 

The light petroleum mother-liquors from the first three crystallisations of the mixed dibromo- 
alcohols, after standing for several days, deposited crystals of two distinct types: (i) fine hairy 
needles characteristic of the (+ +)-methyl-«$-dibromo-8-phenylethylcarbinol described above, 
and (ii) large regular hexagonal prisms. The former were readily removed by pouring off the 
mother-liquor, leaving the latter behind; these had m. p. 87—88°, and [a] 593 — 97°8°, [«]s790 — 
115-4°, [a] 5461 — 119°7°, [a]as5g — 224-0° (/, 2-0; c, 8-42 in chloroform). 

This homogeneous (+ —)-methyl-«$-dibromo-f$-phenylethylcarbinol (0-8 g.) on oxidation 
with chromic anhydride in acetic acid yielded (—)-methyl «§-dibromo-8-phenylethyl ketone 
(0-7 g.), m. p. 127° (decomp.), [a] 593 — 40°7°, [a] 5799 — 45°3°, [o]5ae1 — 51°7°, [@]es53 — 80-7° 
(1, 2; ¢c, 3-02 in chloroform). In a similar manner (—)~y-phenyl-a-methylallyl alcohol yields the 
(— —)-carbinol, m. p. 112—113°, which on oxidation yields the (—)-ketone, m. p. 127°, and the 
(— +)-carbinol, m. p. 87—88°, which on oxidation yields the (+)-ketone, m. p. 127° (rotatory 
powers in Table II). 

The m. p. of the methyl «$-dibromo-8-phenylethy] ketones is very susceptible to the rate of 
heating—rapid heating gives values as high as 131°. For this reason a specimen of the dl- 
ketone, which melts at 127° with a normal rate of heating, was always used for comparison. 

The addition of bromine (1 mol.) to d/-y-phenyl-«-methylallyl alcohol gave a mixture of isom- 
eric dil-dibromo-alcohols, m. p. 60—90°, which was much more difficult to separate by fractional 
crystallisation than mixtures of the corresponding optically active compounds. After seven 
recrystallisations from light petroleum (other solvents were tried), a fraction was obtained of 
m. p. 128—130°. A mixture of equal amounts of (+ +)- and (— —)-methyl-«$-dibromo-f- 
phenylethylcarbinols had m. p. 134°, and this when mixed with the former product melted 
at 129—132°; hence it appears that the separation of the two isomeric racemic dibromo-alcohols 
has not been completely effected. 


Thanks are due to the Government Grants Committee of the Royal Society and to Imperial 
Chemical Industries Ltd. for grants. 
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285. onic Interchange in Stearic Acid Sols and the Mechanism of 
Coagulation. 
By Tuomas R. BoitamM and Apam I. S. DUNCAN. 


ACHAR and USHER (J., 1927, 1875) have shown that, when a colloidal suspension of stearic 
acid is treated with a neutral salt, acid appears in the intermicellar liquid. Their 
observations indicate that the effect is due to the displacement, by the salt kations, of 
hydrogen ions produced by the ionisation of the surface molecules of the stearic acid 
particles. In the present investigation the influence of the nature of the salt kation, and 
of other factors, upon the degree of this ionic interchange has been studied, in particular 
with reference to the influence of electrolytes upon the stability of the sol. The coagulating 
power of a salt is found to be closely correlated with the tendency of the kation to displace 
hydrogen ion, and the results support the view that the interchange is of primary 
importance for a general theory of coagulation (cf. Verwey, Chem. Reviews, 1935, 16, 363). 


EXPERIMENTAL. 


Colloidal Stearic Acid—The sols were prepared by Mukherjee’s method (J. Mysore 
University, 1935, 4984). Stearic acid (m. p. 69-4°) was obtained by double recrystallisation of 
“specially pure”’ material (B.D.H.) from methyl alcohol, the product being dried over 
Phosphoric oxide. Methyl alcohol was treated with magnesium turnings and fractionated, 
the product being neutral to litmus. 2-4 G. of stearic acid in 200 c.c. of alcohol were added to 
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700 c.c. of boiling conductivity water. The resulting sol was freed from alcohol by further 
heating, and filtered to remove coarse particles. The concentrations of the sols, found by 
drying to constant weight, were : ; 

B Cc D E 

2°25 2°07 2°41 2°26 
When the sol was boiled, the stearic acid gradually coarsened, and collected at the surface of 
the liquid. This accounts for the low concentration of sol A, which was boiled for 1-5 hours, 
as compared with 0-3 hour in the case of C, D, and E. The sols were perfectly stable at room 
temperature. On agitation, they gave a pronounced streaky appearance. 

Coagulation Values.—Equal volumes (4-0 c.c.) of sol and salt solution were simultaneously 
pipetted into a small test-tube in such a manner that the streams of liquid intermingled. The 
tube was closed with a glass stopper, the contents shaken vigorously for 5 minutes, and then 
kept at room temperature for 18 hours. This procedure gave very uniform results. 

At sufficiently high concentrations of the coagulant, the whole of the stearic acid flocculated 
and rapidly collected at the surface, so that the underlying liquid (U.L.) became quite clear 
in a few minutes. Over a range of lower concentrations, the U.L. was definitely turbid even 
after 18 hours, but on filtering through a Jena fritted glass filter of porosity 3 (pore diameter 
20—30 u), a perfectly clear liquid was obtained. In these cases the sol was completely coagulated 
in the sense that isolated colloidal particles were no longer present. Such particles would have 
appeared in the filtrate, since in the absence of coagulant the sol passed through this filter 
unchanged. Apparently the process of aggregation had either ceased or become exceedingly 
slow at the stage when the aggregates were still small enough to form a stable coarse suspension. 
At still lower concentrations coagulation occurred, as shown by the accumulation of stearic 
acid at the surface of the liquid, but was incomplete, since the U.L. (or filtrate) showed streaks 
when shaken. The proportion of coagulated acid decreased with decrease in the concentration 
of coagulant, but for a given concentration appeared to be practically the same after 18 hours 
as shortly after the introduction of the coagulant. In one or two instances a partially coagulated 
sol was left undisturbed for several days without undergoing any perceptible change. It is 
evident that the stearic acid sols show the phenomenon of “ fractional coagulation.” 


TABLE I. 
Determination of Coagulation Values. 
Electro- Concn. Nephelometer Coag. Electro- Concn. Nephelometer 
lyte. x 108. reading.* value. Sol. _lyte. reading.* Coag. value 


K,SO, 44 35—32 E K,SO, 32—31 
21—19 21—22 
8—7°5 10—13 
7—8 0°053 6—7 
6 18—16 2 
7—8'5 0°067 
Li,SO, 32—31 
18—19 
9—8 


10 
75 0°077 


1l—10°5 >7:16 x 10+ 
* Reading for water = 6—8. 


The ‘‘ coagulation value ’’ of an electrolyte was taken as the minimum concentration necessary 
to produce complete coagulation (i.e., to give a perfectly clear filtrate with a filter of porosity 3) 
in 18 hours. A Zeiss nephelometer, in conjunction with a Pulfrich photometer, was used to 
detect the point at which the filtrate became quite free from colloid. The determinations (in 
duplicate) are recotded in Table I. As elsewhere in this paper, salt and acid concentrations are 
expressed as g.-equiv. per litre of the mixture of sol and electrolyte. 

Ionic Interchange.—Equal volumes of sol and salt solution were thoroughly mixed in a glass- 
stoppered tube or bottle, the mixture kept for 18 hours, the stearic acid removed, and the 
concentration of the sulphuric acid in the remaining liquid determined electrometrically by 
means of the cell 

Hg | Hg,Cl,, KCl | KCl | X, Quinhydrone | Pt 
(satd.) 35M | 35M (satd.) 
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where X is the experimental solution. The e.m.f. values given by salt solutions containing 
known quantities of sulphuric acid were measured (Table II), and curves drawn from which 
the actual quantity of hydrogen ion liberated from the suspension could be read off. 

The stearic acid was removed, to minimise contamination of the electrode, and also because 
the sol was partially coagulated by the quinhydrone, with liberation of hydrogen ion. Unless 
the U.L. was quite clear (in which case a sample was simply withdrawn by pipette) the stearic 
acid was removed by filtration through a Jena fritted-glass filter of porosity 4 (pore diameter 
5—10 uz). This filter was found to hold back the colloidal acid itself, except for a small amount 
of extremely fine particles. Control experiments showed that the glass filter adsorbed hydrogen 
ion to a small extent, and error from this source was avoided by rejecting the first 20 c.c. of 
filtrate. 

The e.m.f. values were measured by means of a Tinsley potentiometer reading to 0-1 mv., 
used in conjunction with an Onwood galvanometer, and a Tinsley standard cell (N.P.L. 
certificate). The apparatus was set up in a constant-temperature room maintained at 14° + 
0-15°. Readings were commenced 20 mins. after the assembly of the cell, and found to be very 
steady. In some preliminary experiments, air, freed from carbon dioxide by passage through 
several soda-lime towers, and containing water vapour at the correct pressure, was bubbled 
for several hours through the experimental solution. As this procedure did not change the 
e.m.f. value, no precautions were taken to exclude carbon dioxide in the subsequent work. 
Each e.m.f. value given (in mv.) in the tables is the mean of at least two determinations. With 
few exceptions duplicates agreed to within 1-0 mv. 

For the accurate measurement of the Jow concentrations of acid involved, certain special 
precautions were necessary. Jena- or Pyrex-glass apparatus was employed throughout the 
investigation. The sols and solutions were prepared from conductivity water of x + 1-2 x 10-* 
mho. The acid found to be present in the commercial salts (A.R. except in the case of lithium 
sulphate) was reduced by recrystallisation or neutralisation. 


TABLE II. 


E.M.F. values (millivolts) for salt-sulphuric acid mixtures. 
Concn. of salt = 0°5. 


ge no 0-0 895 17-9 35°8 59°6 895 1193 #44179 358 716 
PON ies 1026 1103 1203 1299 150°7 1706 —, 1970 2162 2348 
el Maas. cxihs.< 1016 1071 1160 1280 1497 1708 _ — ~ — 
A kciiins 103-2 1132 1209 1360 1568 201:4 2210 240°7 


he ree 74°6 82-0 85°0 96°9 — 117°7 133°6 1813 2192 243°4 








Concn, of salt = 0°25. Concn. of salt = 0°05. 


ee 0-0 8°95 17°9 35°8 44-7 0:0 6°7 8°95 17°9 35°8 
BW sectacka, 115°6 125°5 135°8 152°4 1642 147°4 153°2 — 168°8 181°0 
6 Bdaacvi 113°9 122°6 134°7 154°0 165°3 145°6 153-7 — 167°5 180°0 
, oe 120°7 129°5 137°6 156°4 — 147°6 154°5 — 168-0 179°8 
6” hinds — — — — — 132-9 144°3 — 161-3 179°3 
Concn. of salt = 0°10. Concn. of salt == 0°01. 
Oe: Ss 126°1 144-4 154°0 168°2 — 152°9 — 168°3 178°5 — 
6 Bebecce 123°8 140°2 151-2 170°6 — 150°7 — 164°5 175°6 —— 
@ SeKs.. 127°9 140°4 151°4 172-2 — 152-0 — 165k 177°9 — 
go Ait 121-6 — 140°4 162°4 — 148°1 — — 179°8 — 


* a= concn. of H,SO, x 10°; b, c, d, e = e.m.f. values for K,SO,, Na,SO,, Li,SO,, and MgSO, 
respectively. 


Influence of Sol Concentration.—Table III contains data showing the variation in the degree 
of interchange as the sol (D) was diluted, the salt concentration being kept constant (0-5 g.- 
equiv./l.). Col. 1 gives the number of g. of stearic acid in 1 1. of sol + salt solution. For each 
salt, 21. of stock solution (containing 1 g.-equiv./1.) were prepared from the recrystallised material, 
and sufficient of the residual acid neutralised (by the addition of a negligibly small volume of a 
solution of the corresponding hydroxide) to reduce the e.m.f. given by a 0-5N-solution of the 
salt to about 100 mv. In Fig. 1, the amount of hydrogen ion liberated from 1 g. of stearic acid 
is plotted against the reciprocal of the concentration of the sol (Curves I and II). The e.m.f. 
given by a mixture of equal volumes of a saturated solution of purified stearic acid and of 0-1 
or 0-5N-potassium sulphate (introduced to increase the conductivity for the purpose of 
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measurement) was found to be practically identical with that given by the salt alone. Hence 
only a negligible quantity of hydrogen ion was present in the intermicellar liquid of the pure sol. 
The curves are of exactly the same type as that obtained by Achar and Usher (loc. cit.), 
who, however, give a much higher value—340, as against 125—for the maximum amount of 
hydrogen ion displaced per g. of stearic acid. It 
may be of significance in this connection that prior to 
the e.m.f. determination, Achar and Usher filtered 
the liquid (at all dilutions of the sol except the highest) 
through “ ashless’’ paper, and that they assumed any 
change due to contact with the paper to be confined 
to the first 10 c.c. of filtrate, which were rejected. 
In the course of the present work it was found that 
relatively large amounts of acid appeared (as the 
result of ionic interchange) in 0-25N- and 0-50N-salt 
solutions when passed through “‘ashless’’ papers, 
even after these had been very thoroughly washed 
with water. Moreover, there were definite indications 
that the whole of the hydrogen ion was not neces- 
sarily displaced from the paper by the first 10 c.c. of 
liquid. In one experiment, 25 c.c. of 1-0N-potassium 
sulphate and 25 c.c. of sol A were mixed, and the 
clear U.L. passed through a 9-cm. Schleicher and 
Schiill blue-band paper. The first 10 c.c. of filtrate 
were rejected, and the e.m.f. determined with the 
remainder. It was found to be 169-5 mv., as com- 
pared with 153-5 mv. for unfiltered liquid, indicating 
Line ali increase in the acid content of 26 micro-equivs. 
0123 4 56769 per litre. No acid was extracted by the pure sol. 
Yeoncentration of sol.(g./litre).. Influence of Acidity—The data in Table IV 
(Curves III and IV in Fig. 1) show the effect (on 
S01 Ds I Omarion of alt ObN ©" sol B) of salt solutions to which no hydroxide was 
added. From e.m.f. determinations it was ascertained 
that under these conditions 0-5N-potassium sulphate contained 38, and 0-5N-lithium sulphate 
46, micro-equivs. per litre more acid than after neutralisation. Measurements were also made 


S 


S 


& 


s 


Ss 


ES 





Micro-equivs. of H* liberated per g. of stearic acid. 
Ss 








TABLE III. 


Variation of interchange with sol concentration. 


Concn. of liberated H’, Micro-equivs. of H* liberated 
E.m.f. x 10°. from 1 g. of stearic acid. 


A 








Concn, ~— . o~ my P . 
of sol. K. Na. Li. ; Na. Li. K. Na. Li. 
1-205 155°6 154°8 157°3 67 63 57 56 52 
0°603 140°6 137°9 141-7 45 4l 76 75 

0°301 131-4 127:0 130°9 32 29 113 106 

0°151 118°7 116-0 120-4 19 18 126 126 

0°121 115°8 111°6 118°8 14 15 123 (116) 125 





with potassium sulphate solutions to which sulphuric acid had been added. Equal volumes 
of sol B and 1-0N-salt were mixed, and the concentration of liberated acid in the mixture 
found to be 23 x 10-* N when 58 x 10 N-acid, and nil when 134 x 10 N-acid, was present. 


TABLE IV. 


Influence of acidity on interchange. 


Concn. of liberated H’, Micro-equivs. of H’ liberated 
x 10°. from | g. of stearic acid. 
Li. . Li. K. 
162°7 24 31 
153°3 11 37 
150°2 6 67 
148-2 3 89 
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Influence of Nature and Concentration of Salt.—Table V shows the amounts of hydrogen ion 
liberated at various concentrations of the sulphates of potassium, sodium, lithium, and 
magnesium, the concentration of the sol being constant. The corresponding curves are given 
in Figs. 2 and 3. 


Fic. 2. Fic. 3. 


of stearic acid. 
Ss s 
d per g. of —_ acid. 
S 


berated - g- 
ES 


of H°* liberate 
ws 
3 


© Ky50, 


Ss 
S 


& Naz,5Q, 
>< Liz50, 








Micro-equivs. of H° li 
Micro-equivs. 
Ss 


1 L. lL 1 J 
0 OF 02 03 04 O05 b 
Concentration of salt(g.-equivs./litre). 


1 i i l j 
01 O02 O38 04 O05 
Concentration of salt (g.-equivs./litre). 
Sol E. The point for 0°5N-MgSO, is plotted with 
the scale veduced to half; the slope of the broken 
line is therefore less than the true slope. 








TABLE V. 


Influence of nature and concentration of salt. 
Micro-equivs. of H* liberated from 1 g. of 


E.m.f. stearic acid. 








Concn. 
of salt. 
0°50 
0°25 


‘Sol. C. 


Sol E. 





Na. 
147°3 
157°6 


Li. 
148-7 
155°7 


152-0 


Mg. 
136°4 


“Sol C. 





Na. 
55 
37 


Li. 
48 
34 


Sol E. 
’ re \ 
K. Mg. 
55 109 


164°7 28°5 26 27°5 35 
0°05 168°6 171-0 172-0 ' 23 19 19°5 25 
0°01 173°5 175-0 178°8 14°5 14°5 14 14 16 


State of Dispersion.—The amount of hydrogen ion liberated per g. of stearic acid under 
comparable conditions was found to vary only slightly from sol to sol; ¢.g., the values obtained 
for the action of 0-5N-potassium sulphate on undiluted sol were 56, 57, and 55 micro-equivs. 
for sols C, D, and E respectively (Tables III and V). It would therefore appear that the sols 
were very reproducible in respect of average particle size. The following observations, 
however, showed that they were polydisperse. A quantity of sol C was passed through a fritted- 
glass filter of porosity 4, 25 c.c. of the clear filtrate were mixed with 25 c.c. of salt solution, and 
the acidity determined. The following results were obtained : 

Concn. of liberated 
H’, x 10°. 
13°5 
11-0 


163-0 «165-1 


164°3 
172°1 
172-2 


0°10 


Concn. of liberated 
H’, x 108. 
50 
9°0 
14:0 


E.m.f. 
152-0 
140°4 
129°4 


Concn. 
0°05 
0°10 
0°25 


Salt. 
Na,SOQ, 


E.m.f. 
130°2 
112°0 

0°05 1§2°1 4°5 

0°25 133°8 13°5 

They show that ionic interchange was occurring with colloid which had not been retained by 

the filter. It was further ascertained that after 160-fold dilution of sol C, the liquid was still 


Concn. 
0°25 
0°50 


Salt. 
K,SO, 


Li,SO, 
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definitely opalescent. Hence if the sol was monodisperse, the maximum concentration of 
hydrogen liberated in the filtrate would be less than 125 x 2-07/160 = approx. 2 micro-equivs. 
per litre. Since the actual figure was above 13-5, it must be concluded that the sol was 
polydisperse, the finest particles being small enough to pass the filter. 


DISCUSSION. 


Achar and Usher (oc. cit.) explain the variation in the amount of hydrogen ion liberated 
from 1 g. of stearic acid on diluting the sol (Table III) as due to the progressive dissociation 
of the surface molecules of the colloidal particles. The influence of added sulphuric acid 
(Table IV) is consistent with this view, since if the surface dissociation is that characteristic 
of a weak acid, it will be substantially decreased by small amounts of a strong acid, and the 
ionic interchange accordingly diminished at all concentrations of the sol. It will be seen 
that up to the point of maximum liberation of hydrogen ion, the graphs in Fig. 1 conform 
to the equation y = ax +b. Apparently the limit 6, to which the liberated hydrogen 
tends as the sol becomes more concentrated, is the fraction of hydrogen ion which would 
be split off the surface if the potassium sulphate were present within the double layer 
alone. Thus, in the case represented by Curve I (Fig. 1), where ) = 38 and the maximum 
interchange is 125, about two-thirds, (125—38)/125, of the available molecules of stearic 
acid would be undissociated under these conditions. It follows that the degree of surface 
dissociation in the pure sol must be much less than 33%, since in the presence of 0-5N- 
sulphate the dissociation is markedly enhanced by the formation of bisulphate ion. Data 
are lacking for the evaluation of 5 in the case of 0-01N-potassium sulphate, where the 
formation of bisulphate ion is relatively small, but the value will be less than 14-5 (Table V). 
Hence, in the pure sol less than 1 in 125/14-5, or 1 in 9, of the ionisable surface molecules 
is actually dissociated. According to the present method of deduction, however, the 
data indicate that this is the order of magnitude of the dissociation. McBain and Peaker 
(Proc. Roy. Soc., 1929, A, 125, 394; McBain and Dubois, Z. Elektrochem., 1931, 37, 651; 
Dubois and Roberts, J. Physical Chem., 1931, 35, 3070) have deduced the same order of 
magnitude from their measurements of the conductivity of a mono-layer of stearic acid 
on water. It should be pointed out that the observed maximum liberation of 125 micro- 
equivs. of hydrogen ion per g. of stearic acid may be lower than the true value for perfectly 
neutral salt, owing to incomplete neutralisation of the acid in the salts actually employed. 
This factor may possibly account for the difference between the above value and that 
reported by Achar and Usher. 

In order completely to coagulate the sol by means of sulphuric acid, a concentration 
of about 720 x 10°*N was required (Table I), but aggregation of some of the particles 
occurred even at 36 x 10*N. It is probable that the fractional coagulation is due to the 
polydisperse nature of the sol, a higher concentration of coagulant being necessary in the 
case of the smaller particles than in that of the larger (cf. Odén, Nova Acta Upsala, 1913, 
iv, 3, 55; Miller, Koll.-Chem. Beth., 1928, 26, 306; Thiessen, Thater, and Kandelaky, 
Z. anorg. Chem., 1929, 180, 11). The simplest interpretation of the effect is that the 
number of stearic acid molecules per unit area of surface which are oriented with the 
carboxyl group in contact with the water, and hence able to dissociate, increases with 
decrease in particle size. If for a given concentration of sulphuric acid, the proportion 
of such molecules actually dissociated is independent of particle size, it follows that the 
smaller the particle, the higher will be the concentration of acid necessary to reduce the 
surface density of charge to the minimum value required for coagulation. The observation 
that in the presence of 134 x 10*N-sulphuric acid no measureable amount of hydrogen 
ion was displaced by 0-5N-potassium sulphate might be thought to invalidate the 
assumption that the coagulation of the sol by acid is the result of decrease in the surface 
dissociation. However, the experimental error in the determination of the liberated 
hydrogen ion under the above conditions is large enough to conceal what may well be a 
significant degree of ionic interchange. Hence, it may be assumed that the dissociation 
is not completely suppressed by 134 x 10*N-sulphuric acid. That the requisite con- 
centration is probably much higher than this is indicated by the experiments of Langmuir 
and Schaeffer (J. Amer. Chem. Soc., 1936, 58, 284), who determined the composition of 
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films of stearic acid spread on buffered solutions containing barium ions It was found that 
at pq values not greater than 3 (approx.) the mono-layer consisted entirely of fatty acid, 
whereas when the pg was increased beyond 3, conversion into barium stearate occurred, 
becoming complete at about , 11. Moreover, Schulman and Hughes (Proc. Roy. Soc., 
1932, A, 138, 430) have shown that the “‘ surface potential’ of a mono-layer of myristic 
acid varies with the fg of the substrate in a manner consistent with the view that 
ionisation of the film sets in when the py is increased beyond some value between 3 and 4. 
The minimum concentration of acid producing complete coagulation corresponds to a 
pu lying within these limits, and hence it is reasonable to suppose that, in the case of the 
smallest particles, a large proportion of the surface molecules is favourably oriented 
for ionisation, so that the character of the surface approximates to that of a mono-layer. 

The graphs in Figs. 2 and 3 show at once that when the salt kations are arranged 
according to either coagulating power (Table I) or tendency to displace hydrogen ion, the 
sequence is the same, viz, Mg>K>Na>Li. That the two effects are closely related is 
definitely shown by comparison of the amounts of hydrogen ion liberated at the respective 
coagulation concentrations, as obtained by interpolation. It will be seen from Table VI 


TABLE VI. 


Micro-equivs. of H" per g. Relative thick- 
Coagulation of stearic acid, liberated ae SET ness of 
value. at coagulation point. Vu double layer. 
0:077 23°0 2°94 1-00 
0°067 24:0 3°15 1:07 
0°053 24°5 3°55 1:20 
0-060 21°5 3°33 1°13 
0-021 18°5 4°88 1°66 
* See below. 


that the liberation of hydrogen ion by the alkali-metal salts (sol C) varies by not more 
than 4% from the mean value (23-8), although the coagulation values for the sodium and 
lithium salts are respectively 26 and 45% greater than that for potassium sulphate. Thus, 
within the experimental error, the degree of ionic interchange at the coagulation point is 
the same for all three kations. The difference in the amounts of hydrogen liberated by 
potassium and magnesium (sol E) probably exceeds the apparent variation due to experi- 
mental error. However, the most important point is that, although the coagulation value 
for potassium is three times that for magnesium, the liberated hydrogen in the case of both 
kations lies within 8% of the mean value (20). 

It is commonly supposed that the stability of a lyophobic sol depends upon the thickness 
of the ionic atmosphere surrounding the individual particle. When the atmospheres of 
two particles interpenetrate, a repulsive force arises from the resistance offered by the 
atmospheres to distortion, so that the particles do not approach closely enough for the 
forces of attraction to predominate. Thus an electrolyte coagulates the sol by reducing 
the thickness of the atmosphere to some critical value. On the assumption that 1/x 
(the value of the equivalent radius of the ionic atmosphere in the theory of Debye and 
Hiickel) may be regarded as a measure of the thickness of the ionic atmosphere about a 
colloidal particle (cf. Miiller, Koll.-Beth., 1928, 26, 285; Henry, Proc. Roy. Soc., 1931, 
A, 188, 106), it follows that 1/+/y (where pis the ionic strength of the electrolyte present) 
should have the same value for all electrolytes at their respective coagulation values. That 
this does not hold in the present instance will be seen from the datain Table VI. Moreover, 
since the degree to which hydrogen ion is liberated varies with the nature of the replacing 
ion, it is evident that specific attractive forces exist between this ion and the surface of 
the particle. , 

Since equivalence in ionic interchange at the coagulation point has been observed in 
the case of both sulphur (Bolam and Muir, J., 1934, 754) and stearic acid sols, it would 
appear that the phenomenon is of primary importance for a general theory of coagulation. 
The simplest interpretation of the results is that coagulation occurs only when some 
definite fraction of the stabilising ions forms either undissociated molecules or associated 
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ion-pairs (McBain and Peaker, Joc. cit.; Hartley, Trans. Faraday Soc., 1935, 31, 164) 
with the kations of the coagulant. It seems difficult to account for the equivalent inter- 
change on the assumption that coagulation may result from simple contraction of the 
ionic atmosphere, as postulated by Miiller (loc. cit.), Verwey (loc. cit.), and Weiser (J. 
Physical Chem., 1935, 39, 1163). 

As the concentration of salt is increased beyond the coagulation value, the amount 
of hydrogen ion liberated also increases, probably because the surface acid is further 
dissociated owing to the formation of bisulphate ions. It seems feasible to account for 
part, at least, of the observed difference in interchange at the coagulation point in the case 
of potassium and magnesium (Table VI) on the same grounds. Coagulation by potassium 
occurs when the concentration of sulphate ion is higher than in the case of magnesium, 
and the surface dissociation is correspondingly greater. Complete replacement at the 
coagulation point is observed with dialysed sulphur sols (Bolam and Muir, loc. cit.), which 
are also stable in the presence of high concentrations of mineral acid. This contrast with 
the behaviour of stearic acid sols suggests that the stabilising polythionic acid is highly 
dissociated. 

SUMMARY. 

(1) The influence of the following factors upon the liberation of hydrogen ions from 
the surface of colloidal particles of stearic acid has been investigated : (i) concentration 
of sol, (ii) acidity, (iii) concentration, and (iv) nature of salt. The coagulative action 
of acids and salts has also been examined. 

(2) In general, the results support Achar and Usher’s view that the surface molecules 
of the particles dissociate in the manner of a weak acid, and that the hydrogen ions so 
produced undergo interchange with the salt kations. 

(3) It is shown that the coagulating power of a salt is closely correlated with the tendency 
of the kation to displace hydrogen ion from the surface’ of the particles. The bearing of 
the results upon the theory of coagulation is discussed. 
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286. The Carbon Valency Angle and Dipole Induction in Benzyl 
Compounds. 
By FREDERICK CHARLES FRANK. 


WHEN some preliminary results were obtained early in 1933 (Trans. Faraday Soc., 1934, 
30, 860), the view that the dipole moments of the methy] halides should be different in gas 
and in solution ran counter to accepted views, though already supported by Horst Miiller’s 
first paper on the subject. With the subsequent establishment of this as a quite general 
phenomenon, all stereochemical calculations from dipole-moment data became suspect 
until a better understanding of the solvent effects could be reached. This being now 
achieved, the calculations appear to be justified, and, although the method of allowing 
for induction in the molecule is no longer novel, they form an interesting example of the 
method and demonstrate that dipole-moment data give quite consistent results in 
stereochemical calculations if due allowance is made for complicating influences. 

The following effects of the solvent are now recognised : 

(1) A solvation moment, due to dipoles induced in the solvent by primary dipoles in 
the solute (Higasi, Sct. Papers Inst. Phys. Chem. Res. Tokyo, 1936, 28, 284; Frank, Proc. 
Roy. Soc., 1935, A, 152, 171). This depends on molecular geometry, but the solvation 
moment of a polar group in a molecule is unaltered by substitution in a fairly remote 
part of the molecule. The necessary limitation that the polar groups concerned should 
be remote was already laid down by Smyth before the discovery of solvent effects. 

(2) A solvation polarisation, due to the change of solvation moment (1) when solute 
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molecules are displaced relative to solvent (Frank and Sutton, in the press). This is of 
uncertain magnitude and forms a part of the “‘ atomic polarisation.” Its recognition does 
not affect the position with regard to stereochemical calculations, but only the interpret- 
ation of ,P, which is known to be limited to a few c.c. and to produce only minor errors 
when applied to molecules of large or moderate moment. 

(3) A negative solvation polarisation arising from dielectric ‘‘ saturation” in polar 
solvents, which are rightly avoided. 

. (4) Further corrections to the Clausius—Mosotti equations necessary in the case of 
anisotropically polarisable molecules, or when the volume refractivities of solvent and 
polar solute differ (Weigle, Helv. Phys. Acta, 1933, 6, 68; Govinda Rau, Proc. Indian 
Acad. Sct., 1935, 1, 498; Guggenheim, Nature, 1936, 187, 459). All the evidence indicates 
that only minor additional errors arise under these heads—in the last case the main 
difference between ug and yp is a uniform proportional lowering which will not change the 
results of stereochemical calculations. 

Solvent effects, therefore, do not invalidate stereochemical calculations based on dipole 
moments. 

The possibility of estimating the configuration of molecules from dipole moments 
depends on the experimental fact that the moment of a molecule is approximately the 
vector sum of the moments possessed by its component groups when they are in simple 
molecules. The value of the moment assigned to a group X is the difference between 
the moment of :C-X and :C-H with appropriate sign, plus an inductive effect which 
is most completely eliminated in the methyl compound, plus solvent effects, and is thus 
only approximately the same as the moment of :C-X. When two groups X and Y are 
attached to the same rigid hydrocarbon structure, vector addition is applicable so long as 
each is outside the sphere of induction of the other. 

The paradoxical apparent absence of induced moments except in the very first members | 
of hydrocarbon chains is now known to be an.error due in part to opposing solvent effects, 
and it is clearly desirable to consider inductive effects when estimating the carbon valency 
angle from the moments of benzyl compounds and their p-substituted derivatives, as was 
done (without considering induction) by Smyth and Walls (J. Amer. Chem. Soc., 1932, 54, 
1854). In the extended treatment now given, the only simplifying assumptions made are 
that the induced moment in the phenyl radical due to the C-Y primary moment in the 


compound Ph-CH,“ sa is parallel to the Ph—C link, and that in the compound C,H,X°CH,Y, 
X and Y are outside each other’s spheres of inductive influence. In support of the former 
assumption it should be noted that the direct field from the primary dipole acts upon the 
phenyl group roughly in the Ph-C direction, and that this direction is also favoured by the 
anisotropy of polarisability of phenyl. 

The moment of CH,PhY will be that of CH,Y (designated u,) modified by the addition 
of a moment yu, due to the phenyl at an angle @ (the valency angle we desire to measure), 
which moment is composed of a primary part, approximately that of toluene (0-4), and 
an induced part designated y,; in the opposite direction. In CgH,X°*CH,Y we have also 
to reckon the moment of C,H;X (designated p,) in the C-Ph direction: or preferably 
we may take in place of this the difference between the moments of toluene and CgH,Me-X, 
so making an allowance for the inductive effect due primarily to X, on the aliphatic carbon 
atom. 


Resultant Revaitent 

Lae Hs 
iw Y 
> <+ _ 
Hz Wy Hz 
The moments of the various substances are 
C,H;X Py CH,Y My 
CsH;CH,Y yp, C,H,Me*X 4; 
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Induced moment along Ph-C = yp, 





Us = Hi — Ue 





The equations for solution are 


2 = uy? + us” — Qurgite Cos 0 
Bg! = Ha + (Ye — Hy)” — 2tg(He — Ug) Cos 0 
As explained above, it is preferable to use (us; — yg) in place of wu, when there is any 
difference between these two. The equations are most easily solved by a graphical method 
which provides as good an accuracy as the 





sal No; data warrant. 
/ his A With centre A draw circles EB, FC, GD, 
— ie, with radii proportional to pg, v4, Ys, Tespec- 


tively. With centre B and radius propor- 
tional to u, draw a circle cutting GD in D. 


Join BD, cutting FC in C. The angle BCA 


“N 
is the required valency angle 6; HBA is the 
angle obtained by Smyth and Walls’s method. 
The method is applied to #-bromophenyl- 
nitromethane in the figure. 

Dipole moments measured in this research 
were : phenylnitromethane, 3-30; #-bromo- 
phenylnitromethane, 2-85. The moment of 
bromobenzene in benzene is taken as 1-50, 
and that of nitromethane in benzene as 3-05, 
from the following measurements : Héjendahl 
3-05, Weissberger and Sdngewald 3:13, 
Hunter and Partington 3-02 (see Trans. 
Faraday Soc., 1934, 30, Appendix). The 
above method can then be applied to measure 
the carbon valency angle and the induced moment in the phenyl in phenylnitromethane, 
yielding the results : 











Valency angle of aliphatic carbon (BCA) é ‘ 
Apparent angle by Smyth and Walls’s method . 119° 


Induced moment in the phenyl radical = p, + 0-4 = 1-00 


Unfortunately, the results obtained by various workers for the dipole moments of 
acetonitrile and methyl halides in benzene are too discrepant for the direct application of this 
method to Smyth and Walls’s measurements; but the reverse calculation has been made, 
assuming the angle 110° and predicting the true moments of these compounds in benzene, 
at the same time estimating the induction in the phenyl radical. It was found necessary 
to use in place of », for the p-nitro-compounds the difference between the moments of 
toluene and #-nitrotoluene, 7.e., 4-04 instead of 3-90; otherwise, higher values of yg, 1-79 
and 1-80, inconsistent with the rest, or with values directly measured, and inconsistently 
low values of u,, 0-46 and 0-50 for the chloride and bromide respectively, are obtained. 
This gives another explanation for the lower angles found by Smyth for these compounds, 
which he explained on the grounds that atomic polarisation was less significant with the 
substances of higher moment. Treated thus, their data yield the results : 


Substance. Substance. 

XC \CH,Y. Smyth’s x< »CH,Y. Smyth’s 
Xa Ye angle. Mg: My = = angle. Me Pas 
Br Cl 119° 1-71 0-7 NO, Br 114° (118) 1-73 0-7 
Cl Br 119-5 1-72, 0-74 NO, CN 114 (116) 3°29 0-85 
NO, Cl 113-5 (118) 1-73 0-70 


(The angles in parentheses are those obtained when 4-04 is used in place of 3-90, as explained above.) 
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The y, values are well within the range of direct measurements of the methyl compounds, 
and in agreement with the best of them; e.g., the value 1-73 in benzene corresponds, 
according to Miiller’s empirical equation, to 1-85 in the gas, while — s gas value for 
methyl chloride is 1-861 +- 0-008. 

The mean induced dipoles estimated are: 


In phenyl, by groups Y. In p-methyl, by group X. 
Fs ae AGO | v5. cees esse esej ows 0-72 » FD i eee eT eer eT 0-14 
Te EEG pan cecvensyrecdancops 0-85 
Be Ne atdvescocindcevscases 1-00 


From Hunter and Partington’s values 3-02 for nitromethane and 3-19 for nitroethane, 
with an assumed angle of 110°, the induced dipole in the second methyl is found to be 
0-41. These measured effective induced moments will be rather smaller than those of the 
actual induced dipoles in the molecules, because of solvent effects which work in the 
opposite direction (Frank, Joc. cit.). 


EXPERIMENTAL. 


Materials.—Phenylnitromethane was prepared after Wislicenus and Endres (Ber., 1902, 
35, 1755; Meisenheimer, Annalen, 1907, 355, 284) by hydrolysis and spontaneous decarboxyl- 
ation of the condensation product (the sodium salt of the aci-form of phenylnitroacetonitrile) 
from benzyl cyanide and ethyl nitrate. Samples were also prepared, less satisfactorily, from 
benzyl chloride or iodide and silver nitrite. The substance was purified by steam-distillation, 
solution in sodium hydroxide, ether washing, liberation by carbon dioxide (20 hours’ passage), 
drying with sodium sulphate, and three fractional distillations under low pressure, finally with 
an oil-pump vacuum. It froze sharply by seeding at — 10-5° (corr.); it supercooled persistently, 
and could not be made to freeze at — 30°, though it did so readily at — 40°, or when the tube 
was touched with solid carbon dioxide. 

p-Bromophenylnitromethane was prepared by a similar method (Wislicenus and Elvert, 
Ber., 1908, 41, 4121), the bromobenzyl bromide for preparation of the cyanide being made 
by photobromination in the cold (Schramm, Ber., 1884, 17, 2922; 1885, 18, 350). The free 
aci-nitro-compound liberated by hydrochloric acid from the sodium salt at 0° was allowed to 
isomerise (in a desiccator it was still changing after a week) and was crystallised four times 
from alcohol and once from ligroin and ether; the m. p. remained constant at 55-5—56° (Hantzsch 
and Schultze 60°; Wislicenus and Elvert 56—57°). 

The following measurements of dipole moment were made : 


Phenylnitromethane in benzene at 25°. 


Se d, g./c.c. €. n*, tPy, C.Cc. EP,, C.c. 
0 0-8738 2-2727 2-25713 263 36-5 
0-0126904 0-87843 * 2-46929 2-25874 253-29 36-52 
0-0046998 0-87509 2-34691 2-25784 -263-14 36-83 
0-0187931 0-88060 2-56321 2-25949 248-76 36-53 
0-0287087 0-88420 2-71458 2-26070 241-60 36-47 
0-0070852 0-87641 * 2-38181 -- 255-82 — 


oP(+aP) = 226-5 c.c.; p = 3-30. 


p-Bromophenylnitromethane in benzene at 25°. 


0 0-8738 2-2727 2-25713 213-2 . 452 
0-0082023 0-88289 2-37141 2-26028 213-17 45-08 
0-0120536 0-88716 2-41671 2-26135 210-39 45-50 
0-0224006 0-89835 2-54230 2-26518 207-98 45-01 
0-0054867 0-87975 * 2-33998 _ 209-55 _ 


oP(+aP) = 168-0 c.c.; pw = 2-85. 
= Interpolated values. 


This research was conducted under the supervision of Professor N. V. Sidgwick, and the 
author is particularly indebted for the guidance of Dr. L. E. Sutton. 


Dyson PERRINS LABORATORY, OXFORD. (Received, July 13th, 1936.] 
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287. Prototropy in Relation to the Exchange of Hydrogen Isotopes. 
Part I. Rates of Isomerisation and of Hydrogen Isotope Exchange 
in Unsaturated Nitriles. 

By CHRISTOPHER K. INGOLD, EDUARDO DE SALAS, and CHRISTOPHER L. WILSON. 


THIS paper initiates an extension, which it is planned considerably to develop, of a general 
investigation (‘‘ Optical Activity in Relation to Tautomeric Change,” Parts I—VI, J., 
1933, 1493, e¢ seq.) into what has been called the “ intimate” mechanism of prototropic 
change. The evidence hitherto brought to bear on the problem consists essentially in 
certain comparisons of reaction rates. For instance, we have compared the rate of loss of 
the optical activity which arises from a centre of asymmetry in a prototropic system with 
the chemically determined rate of isomerisation of the system. We have also compared 
the rate of racemisation of a prototropic system with the rate at which the mobile hydrogen 
atom is replaced by a halogen, where, as in enolisable ketones, the latter rate is independent 
of the halogen. There is a fourth kind of reaction rate which can be made to serve the 
general purpose underlying such comparisons, and that is the rate of isotopic exchange of 
the mobile hydrogen atom. In the work now to be described we compare the chemically 
measured rate of isomerisation of a prototropic system with the rate at which it exchanges 
hydrogen with the medium in which isomerisation occurs. 

Observations are already on record which show that the mobile hydrogen of tautomeric 
compounds is readily exchanged with deuterium either during isomerisation or at least 
under conditions known to favour prototropic change. This has been proved for acetyl- 
acetone (Klar, Z. physikal. Chem., 1934, 26, B, 335), acetone (Schwarz and Steiner, 1bid., 
1934, 25, B, 153; Klar, loc. cit.; Halford, Anderson, Bates, and Swisher, J]. Amer. Chem. 
Soc., 1934, 56,491; 1935, 57, 663), the acetate ion (Hall, Bowden, and Jones, ibid., 1934, 56, 
750; Goldfinger and Lasareff, Compt. rend., 1935, 200, 1671), and the vinylacetate ion 
(Ives and Rydon, J., 1935, 1735). None of these demonstrations has, however, been 
accompanied by rate comparisons of the kind contemplated. 

Our previous work with optically active substances has shown that prototropic systems 
are divisible into two broad classes. The first class contains all the highly mobile or moder- 
ately mobile systems for which the change proceeds through kinetically independent ions, 
these being produced and re-associated in distinct steps. This mechanism (Ingold, Shoppee, 
and Thorpe, J., 1926, 1477) has been distinguished by Pedersen as the “ bimolecular” 
mechanism (J. Physical Chem., 1934, 38, 541). It appears to be operative in all systems 
the anions of which are stable enough to exist, i.¢., all systems capable of being alkylated, 
e.g., keto-enols. The second class contains those slightly mobile prototropic systems the 
anions of which are so unstable or so difficult to form that they never attain kinetic inde- 
pendence, but are dissociated from one proton and re-associated in a different place with 
another in a single synchronised act (Hsii, Ingold, and Wilson, J., 1935, 1778). Pedersen 
calls this the “termolecular’”’ mechanism, and it was originally suggested by Lowry 
(J., 1927, 2554). So far as is known it applies only to systems the anion of which cannot 
exist in the solvated state, 7.¢., to systems which are incapable of being directly alkylated, 
e.g., derivatives of benzylidenebenzylamine and presumably «y-diphenylpropene. 

The present research relates to the class of systems which use the bimolecular mechanism, 
and as an example we have chosen the unsaturated nitriles (I) == (II). These were 


a) GHseCH=C-CHyCN __ CHyCHyC:CH-CN 47) 
CH,CH,:CH, = CH,CH,-CH, 


selected because interconversion proceeds at a convenient rate, and because we thought at 
the outset that the equilibrium constant was known. The interconversion was first in- 
vestigated by Kandiah and Linstead (J., 1928, 2139), who obtained 95% as the equilibrium 
proportion of (II) in N-ethyl-alcoholic sodium ethoxide at 25°. Using 0-1N-alcoholic 
sodium ethoxide at 25°, we obtained a figure practically indistinguishable from 100%. 
There is thus considerable uncertainty about the equilibrium constant, and although the 
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rate of the change (I) ——-> (II) can be measured with adequate precision, nothing better 
than a rough upper limit can be given for the rate of the reverse reaction (II) —~ (I). 
Hence we are able only to compare the measured rate (I) ——> (II) with the rates at which 
the separate compounds (I) and (II), and the changing system (I) == (II), exchange their 
hydrogen with the isotopically distinguished hydrogen of the medium in which isomeris- 
ation takes place. We have used “light” nitriles and ‘‘ heavy ” alcohol, 1.e., ordinary 
nitriles and ethyl alcohol with considerably more than the normal proportion of ionisable 
deuterium, 1.¢., of C,H,;*OD. 

The essential result is this : compound (I) interchanges hydrogen with the medium much 
more rapidly than it becomes converted into (II), and this conversion is in turn much more 
rapid than hydrogen exchange between (II) and the medium. 

Described in more detail, the observations were as follows. When dissolved in ‘‘ heavy ” 
0-1N-ethyl-alcoholic sodium ethoxide at 25°, compound (I) reached pseudo-equilibrium 
with respect to the uptake of deuterium very rapidly. The speed of exchange was much 
too great for measurement, but we know that this phase of the reaction was finished before 
measurable isomerisation had occurred. If we assume that two hydrogen atoms are thus 
rapidly exchanged, the isotopic compositions lead to an exchange equilibrium constant 
which agrees satisfactorily with the constant calculated by approximate methods from the 
bonding forces. This rapid isotopic interchange was succeeded by a slow conversion of 
(I) into (II), and a contemporaneous diminution in the deuterium content of the total 
nitrile, (I) + (II), isolated after successive intervals of time. The deuterium content of 
these mixed nitriles was an approximately linear function of the mol.-fractions of the isom- 
erides. When the conversion into compound (II) was complete, the deuterium content 
had fallen to about three-quarters of what it was immediately after (I) had been dissolved in 
the medium. When compound (II) was dissolved-in the same medium, there was an initial, 
very small uptake of deuterium, which we believe to be due to an impurity. No further 
deuterium was taken up during a period of time which would have sufficed for a considerable 
conversion of (I) into (II). 

In interpreting these results, it is convenient to consider first the broad outcome as 
stated in the last paragraph but one. It will be simplest at the outset to suppose that the 
changes occur in a deuterium-free medium; we imagine, however, that we have some 
method of labelling the individual protons. The first point to be observed is that the 
greater rate of hydrogen exchange than of isomerisation is consistent with our classification 
of the unsaturated nitrile system as one of those which should undergo isomerisation by the 
so-called bimolecular mechanism. Evidently if one hydrion could enter the molecule only 
whilst another is being withdrawn from a different position, there should be agreement 
between the rates of exchange and isomerisation. On the other hand, if ionisation and ionic 
association occur as separate steps, then the exchange must be faster than the isomerisation, 
and might be much faster; for not every anion that is formed from (I) will yield (II) be- 
' cause some will revert to (I), whereas every anion that is formed leads to hydrogen exchange 
with the medium. 

The distinction can be represented symbolically if we write the mechanism thus : 


(.) = Ions # (iL) 

Since (I) and (II) are very weak acids, we may assume that their rates of ionisation are very 
much smaller than the rates of their formation from the ions. It follows that the rate 
of proton exchange of (I) is measured simply by the rate constant x, The proportion of 
ions which, having been formed from (I), pass into (II) is evidently «4/(kg + 4). Hence 
the rate constant for the conversion of (I) into (II) is «,[«g/(ks + *a)]. It is clear that 
the factor, x4/(«s + k,), by which the rate of isomerisation differs from the rate of 
hydrogen exchange, must be less than unity and might be much less. 

__ That it appears to be much less is consistent with analogy. We are familiar with the 
idea that in a y-acid one form attains equilibrium with its ions rapidly whilst the other 
comes into equilibrium with the same ions much more slowly. This is shown for the form- 
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ation of the ions by the instantaneous reaction of an aci-form with alkali and the slow reac- 
tion of the corresponding y-form. It is shown for the recombination of the ions by the 
circumstance that cautious addition of acid to an alkali-metal salt will often give the aci- 
form first, even although this may be the less thermodynamically stable modification. Now, 
Hugh and Kon (J., 1930, 775) have shown that this kind of relationship holds for certain 
af- and by-unsaturated esters : cautious acidification of the solution of either in alcoholic 
sodium ethoxide gives the Py-unsaturated ester first even when the «8-unsaturated isomeride 
isthe more stable. Our isomeride (I) is a ®y-unsaturated nitrile, and hence we should expect 
the ions on recombination to give (I) much more rapidly than (II), notwithstanding that 
(II) is thermodynamically more stable than (I). This is equivalent to saying that we would 
expect that x,/(«s + «,) would be much less than unity for the unsaturated nitriles; 
in short that xs > K4. 

The system is strongly unbalanced with respect to velocities. From the assumption 
that (I) and (II) are very weak acids, it follows that their rates of conversion into ions are 
equal respectively to their rates of proton exchange. In each case this rate will be some- 
what greater than the observed rate of deuterium uptake, for, as we shall show in detail 
later, deuterons are transferred more slowly than are protons from the medium containing 

both to the anion of the nitriles. However, for each 
nitrile the rate of proton exchange will be of the same 
Jons Order of magnitude as the rate of replacement of a 
proton by a deuteron, and hence our observation that 
for nitrile (I) the uptake of deuterium was too rapid to 
be measured, whilst for nitrile (II) it was too slow to be 
detected, proves that there must be a similarly marked 
I distinetion between the sates at which the two nitriles 
exchange ordinary hydrogen, and therefore between 
their rates of ionisation: in symbols x,;><x,. Con- 
cerning the recombination of the ions to give the nitriles, we have already seen that xg > x. 

We have next to consider the meaning of the observation that the rate constant for the 
isomerisation, besides being much smaller than x,, is also much greater thanx,. We have 
seen that the isomerisation rate constant is given by «,[«,/(Ks + «,)]; the conclusion 
that x, is much greater than «, allows us to replace this expression by x,x,/x3. The 
observation is that this is much greater than x: in symbols («,14/«3) >«,- Dividing 
through by «, and taking reciprocals, we obtain («,/K,) > (k3/K,). Thus there is a 
greater proportionate disparity between the rates of ionisation of the nitriles than between 
the rates of their formation from the ions. This is just what we should expect from the 
theory (see figure) that the ions are common to the two nitriles, and that ionisation involves 
large energies of activation whilst ionic recombination requires only small activation 
energies. Theionisation can evidently accommodate a large difference between the energies 
of activation for the two compounds, whilst for the ionic associations there is room only for a 
small difference. The critical states must be more nearly alike than the nitriles themselves, 
since the former represent a stage on the way to absolute identity. 

We have still to consider the meaning of the slow fall of deuterium content during isom- 
erisation, and for this purpose it is necessary to set out the isomerisations and exchanges in 
further detail. They may be represented as follows : 


CH=C-CH,-CN 
a.) | CH:C-CHD-CN 
CH=C-CD;CN & 


Energy. 
NY 








Configuration. 


gale betn CH,'C:CH-CN 
aw pprey CHD-C:CH-CN| gz) 
SS ((H-¢-cD ‘CN)- A | tn 


CHD-C:CD-CN 


This scheme does not show all the possible reactions, but it contains all those which can 
occur to an appreciable extent under the conditions employed : for instance, we omit the 
ionisations of (II), which in complete equilibrium would lead to two more ions (with 
y-deuterium atoms), and thence to three more forms of (I) (each with a y-deuterium atom), 
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and to two more forms of (II) (each with two y-deuterium atoms). It is the imperfec- 
tion of the equilibrium, as shown by the above scheme, which is the essential cause of 
the effect we have to explain. 

The scheme shows that two hydrogen atoms in (I) can be successively ionised and 
exchanged, and this is what we assumed from the magnitude of the initial rapid uptake of 
deuterium by (I). From this uptake we can calculate an “ equivalent ” exchange equili- 
brium constant, 7.¢., a constant defined in terms of equivalent concentrations, and therefore 
in terms of half-mol. concentration of those species which can contain two atoms of 


deuterium : 
Keg, = {[(CgHgN),D]/[(CgHgN),H]}/{TEtOD] /[EtOH]} 


The value is 0-67, which is close to what would be estimated from the frequencies character- 
istic of C—H, C—D, O—H, and O—D links. 

The equilibrium constant has been formulated in a manner which brings out its inter- 
pretation as the ratio in equilibrium of the D : H ratio in one exchanging position of the 
nitrile to the D: H ratio in the exchanging position of the ethyl alcohol. We shall now 
make the assumption that substantially the same value of the constant, 0-67, can be 
applied separately to each exchanging position, not only of nitrile (I), but also of the ion 
and of nitrile (II): for each position the ratio in equilibrium of the D:H ratio to the 
D : Hratioin the hydroxy] group of the medium will be taken as 0-67. This is an approxim- 
ation, but nevertheless it must be nearly true, because all these equilibrium constants are 
determined substantially by the vibrational frequencies of the links, and we know that the 
frequencies of links such as C—H and C—D are only slightly constitutive. 

By expanding the scheme given above until it represents complete equilibrium, one can 
see that in the course of establishing such an equilibrium a third hydrogen atom becomes 
exchangeable. Under the assumption of the preceding paragraph, therefore, the deuterium 
content of nitriles should rise during complete equilibrium by nearly 50% above the value 
which obtains after the initial rapid exchange of two atoms (exactly 50% if the quantity 
of medium were infinite). In our experiments this does not happen, because the first step 
in the replacement of the third hydrogen atom would be the ionisation of (II), and this 
change is altogether too slow. Therefore, in nitrile (II), as in nitrile (I), there are effectively 
only two hydrogen atoms replaceable by deuterium. 

Now if the isotope ratios for these two hydrogen atoms in (II) could be determined by 
chemical equilibria, just as the isotope ratios are for the two replaceable hydrogen atoms of 
(I), then we should expect the deuterium content of the nitriles to remain substantially 
unchanged during isomerisation. We shall see that the reason why it changes is that the 
isotope ratio of only one of the two replaceable atoms of (II) is fixed by equilibria, whilst 
that of the other is determined by the relative rates of effectively irreversible reactions. 

The total D: H ratio for the two relevant positions of (II) may be represented by 
({D,} + {D,})/({H.} + {H,}), where the braces {} signify the total number of atoms 
of the kind and in the position indicated which are contained in some fixed number of mole- 
cules of (II); the subscripts « and y’ indicate position, and the dash distinguishes that 
individual y-position which is filled |« the addition of a proton or deuteron to the ion. 
This total D : H ratio for nitrile (II) can be regarded as a kind of average between the D : H 
ratio for the «-position and the D : H ratio for the y’-position, and its numerical value must 
obviously lie between those of the separate ratios for the two positions. The D: H ratio 
for the «-position is easily deduced, for, as the scheme shows, the hydrogen and deuterium 
atoms in this position in (II) are identically those which were in the «-position of the ion; 
and here the D: H ratio is established by a rapidly attained equilibrium, which we have 
given reasons for assuming is governed by the exchange equilibrium constant 0-67. There- 
fore the «-D: H ratio in (II) will be 0-67 times the average D: H ratio in the hydroxyl 
group of the medium in which (II) is formed. This statement takes care also of a minor 
point, which is that, as the quantity of medium is limited, it becomes slightly enriched in 
deuterium during the slow loss of this isotope from the interchanging nitriles, so that we 
must calculate with the average isotope composition of the medium, not its composition 
at the commencement of the interconversion. 
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The D : H ratio in the y’-position of (II) is governed, not by any equilibrium, but by the 
relative rates at which deuterons and protons. are irreversibly taken from the medium into 
this position. One can see qualitatively that if this ratio of rates happened to be just 
0-67 : 1, then the y’-D : H ratio in (II) would be 0-67 times the average D : H ratio of the 
hydroxyl group of the medium, and the total deuterium content of (II) would then be 
just the same as if both positions had been filled by completely established exchange equi- 
libria, all, of course, subject to the constant 0-67; 1.e., the deuterium content of (II) would 
be the same as that of (I). The fact that the deuterium content of (II) is appreciably smaller 
than that of (I) merely means that there is a greater disparity between the rates of uptake 
of the deuteron and the proton than would be represented by the velocity ratio 0-67 : 1; 
in other words, the proton must enter the y’-position of (II) more than 1-5 times faster than 
the deuteron. 

We can calculate the ratio of the rates of uptake. Our isotopic analysis of the product 
(II) gives the value of ({D,} + {D,})/({H,} + {H,}), and we have deduced the value of 
{D},/{H},. The other two relations which are necessary in order to solve for the four 
unknowns, {D,}, etc., come from the conditions that the numbers of atoms occupying the 
a- and y’-positions are the same, {D,} + {H,} = {D,} + {H,}, and that each is equal to 
the number of molecules under consideration. Thus’ we can calculate {D,}/{H,}, and a 
comparison of this ratio with the mean D: H ratio of the medium gives the ratio of the 
rates. We find that the proton is transferred 4-1 times as fast as the deuteron from the 
alcoholic medium to the y’-position of (II), and this figure is consistent with what is already 
known about the relative rates of proton and deuteron transference (cf. Wynne-Jones, 
J. Chem. Physics, 1934, 2, 381). 

This explanation of the lower deuterium content of (II) than of (I) may be summarised 
as follows. Of the two positions concerned with exchange ip each nitrile, both of those in 
(I) and one of those in (II) attain isotopic equilibrium with the medium ; the second position 
in (II), however, is filled irreversibly, and is relatively poor in deuterium because the proton 
is taken up so much more rapidly than the deuteron. The reason why the positions which 
come into isotopic equilibria are considerably richer in deuterium is that, although for these 
positions likewise the proton is taken up more rapidly than the deuteron, the proton is 
also withdrawn the more rapidly, and this largely compensates for the faster uptake. 

We can deduce the ratio of the rates of withdrawal if we assume that the equilibrium 
constant 0-67 would apply to the y’-position of (II) if equilibrium were attained, or altern- 
atively, that the uptake velocity ratio 4-1 applies to the other exchanging positions of (I) 
and (II) in which equilibrium is attained. The equilibrium equation 


DO-Et + HC? == HO-Et + DC? with K = [DC:][HOEt] /[DOEt][HC:] 


can be decomposed into the equations 


a bg sa 
+ HCj3=== HO-Et) K' = Hore yeetyHC: | 


EtO n + Ci with gle ney 
+ DC: = DO-Et K" = [DOEt)[C3] jrex0\(Dca 
hy” 
and hence 
K = K'/K™ = (Rey' Rg’) (Py |g!) = (Fey /Ry") | (Pa'/Fa"’) 
We have K = 0-67 and hk,’ /k,"’ = 4-1; hence k,’/k,’’ = 2:75. In words, the proton is with- 
drawn from the nitrile molecule 2-75 times as fast as the deuteron by the ethoxide ions 
of the medium. 
EXPERIMENTAL. 
Maiterials.—Ethy] cyclohexan-1-ol-l-acetate was prepared by the Reformatski condensation 


of cyclohexanone and ethyl bromoacetate (Wallach, Annalen, 1906, 347, 329; Wilson, Chem. and 
Ind., 1935, 558). Dehydration of the hydroxy-ester by means of potassium hydrogen sulphate 
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gave ethyl A!-cyclohexenylacetate, which was hydrolysed to the corresponding acid (Wallach, 
Annalen, 1905, 343, 51). The hydroxy-ester was also hydrolysed to the hydroxy-acid, which 
was converted into cyclohexylideneacetic acid by boiling with acetic anhydride (idem, ibid., 1909, 
365, 255). The unsaturated acids were converted into their chlorides by means of thionyl 
chloride, and thence into their amides (cf. idem, ibid., Annalen, 1907, 358, 292). The latter 
gave the respective nitriles in 70—73% yield when treated by Kandiah and Linstead’s method 
(J., 1929, 2139). 

Anhydrous Ethyl Deuteralcohol._—Dry ethyl] alcohol (Lund and Bjerrum, Ber., 1931, 64, 210, 
who give d2*° 0-78503) had 4? 0-78506. A mixture of this material (115 c.c.) and water (10 c.c.) 
was refluxed for 6 hours with freshly ignited lime (50 g.), and distilled in a vacuum in an all- 
glass apparatus. The product (90 c.c.) had d%*° 0-78530, which corresponds with a water content 
of 0-1%. The water content was reduced to less than 0-01% (d?° 0-78506) by refluxing with 
three times the necessary weight of magnesium amalgam. Repetition of the experiment, but 
upon deuterium oxide (10 c.c., 99-2 atoms %), gave anhydrous deuteralcohol. 

Determination of Ionisable Deuterium in the Alcohol_—A sample of the deuteralcohol (b g.), 
diluted with ‘‘ light ” alcohol (a g.) was burnt over red-hot copper oxide, and the isotopic com- 
position of the water produced was determined by measurement of density. If the latter 
corresponds to P atoms % of deuterium in the combustion water, then the atomic percentage of 
deuterium in the hydroxy] group of the deuteralcohol is ¥ = 6P(a + b)/(b — 0-001302aP). Inan 
actual experiment with the alcohol prepared as above, a = 8-7437; b = 0-73391, and P = 
0-485; and thus + = 37-4. 

Metallic sodium was dissolved in the deuteralcohol to give a 0-1N-solution of sodium ethoxide. 
A separation coefficient of 3 being assumed for this reaction, it follows that the ethoxide solution 
has an ionisable deuterium content of 37-5 atoms %. 

Analysis of Mixtures of the Nitriles (cf. Linstead and May, J., 1927, 2565).—Two solutions 
were prepared : A, iodine (6-76 g.) in ethyl alcohol (100 c.c.), and B, mercuric chloride (10-14 g.) 
in ethyl alcohol (100 c.c.). Equal volumes of A and B were mixed, and the mixture was diluted 
with its own volume of ethyl alcohol. After the mixture had been kept in the dark for 24 hours, 
potassium iodide was added, and the solution was titrated with 0-05N-thiosulphate solution. 

An accurately weighed portion of the mixed nitriles was treated at 25-0° with the equivalent 
amount of iodine chloride solution calculated for complete addition. After one hour water 
(300—400 c.c.) and potassium iodide were added, and the solution was titrated with thiosulphate. 
The error of the method is a few units %. 

Artificial mixtures of the two nitriles gave the following amounts of addition : 


y-Unsaturated nitrile (%) , 55-0 38°5 0 
odine addition (%) ’ 53:1 43°2 17-0 


Isolation of Nitriles from the Reaction Mixtures.—The sodium ethoxide solution of the nitriles 
was poured into a large excess of distilled water and extracted with ether, the extract being 
shaken several times with water. The recovered nitrile mixture was distilled in a high vacuum 
without ebullition. On keeping, the nitriles developed an acid reaction and the iodine absorp- 
tion fell; it was necessary therefore to carry out the iodine chloride addition as soon as possible 
after isolation. 

Isotopic Composition of the Niiriles—The nitrile mixture (ca. 2-5 g.) was introduced into a 
silica boat, and burnt in a stream of air over heated copper oxide. The combustion water, 
collected in a trap at — 78°, was distilled from silver oxide without ebullition in an all-glass 
apparatus. The density was determined with a 1 c.c. pyknometer, which gave an accuracy of a 
few parts per million. 

Isomerisation of the By-Unsaturated Nitrile in “‘ Light’’ Soluent.—The change is represented by 
the following figures for 0-1N-sodium ethoxide at 25-0° : 

0 , 170 
5 . 19°1 


, 1: 
By-Unsaturated nitrile (%) i 96- 


The corresponding unimolecular velocity constant is 0-27 x 10~ sec.-. 

Isotopic Exchange and Isomerisation in the ‘‘ Heavy’’ Solvent.—In all the experiments, n g. 
of the ®By-unsaturated nitrile were treated at 25° with 2-5n c.c. of 0-1N-ethoxide solution. A 
portion of the isolated and purified nitriles was submitted to iodination, and the remainder 
burnt. The results are in the following table : 
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Original nitrile ..........0.csecseeseeeeees By-. ap-. 


- 


Time (hours) 0: 3-0 60 =: 51-0 0-02 30 








By-Unsaturated nitrile (%) . 100° 848 66°5 0°8 — — 
Combustion \ Excess density (p.p.m.) 3464 3300 2694 161 159 
water JfD (atoms %) 3°903 3°748 3°572 2°916 0°174 0°172 


We thank the Royal Society for a grant for materials, and the Academia de Ciencias de 
Madrid for financial assistance accorded to one of us. 
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288. The Decomposition of the Fluosilicate Ion in Aqueous and in 
Aqueous Salt Solutions. 


By ANNIE G. REEs and Lawson J. HuDLESTON. 


AQUEOUS solutions of sodium fluosilicate are distinctly acid and react with alkali according 
to the stoicheiometric equation 


Na,SiF, + 4NaOH = 6NaF + H,Si0,+H,O ... . (I) 


The reaction is slow and was shown by Hudleston and Bassett (J., 1921, 119, 403), working 
with the acid, to be of the first order. They suggested that the mechanism was most 


probably a slow reaction 
> ee re - 


followed by the relatively rapid 
SiF, + 3H,O= 4HF+H,SIOQ, ..... . (3) 


and neutralisation of the hydrogen fluoride produced. This is in accordance with the 
modern theory of hydrolysis (Sidgwick, ‘“‘ The Electronic Theory of Valency,” 1929, 
pp. 156—158), according to which the SiF,”’ ion would not be open to attack since the 
co-ordination number of the silicon atom is fully satisfied, whereas the silicon tetrafluoride 
can co-ordinate two molecules of water, the silicon atom acting as acceptor, after which 
hydrogen fluoride would split off from the resulting complex. 

If this interpretation be correct, the reaction is one which, from its simplicity, should 
be of considerable theoretical importance, and the present paper describes the evidence 
which establishes the theory on a secure basis. 


EXPERIMENTAL. 


The method adopted was similar to that used by Hudleston and Bassett (loc. cit.). Into 
each of a series of large test-tubes was measured the same quantity of a solution of sodium 
fluosilicate and six drops of phenolphthalein solution. In each tube was also placed a smaller 
tube containing a measured amount of alkali, insufficient for the permanent neutralisation of 
the fluosilicate. The outer tubes were closed by rubber bungs which carried glass rods reaching 
nearly to the bottom of the inner tubes, and then were brought to a constant temperature of 
20-0° in athermostat. Mixing was effected by inverting and shaking the tubes. It was greatly 
facilitated by the rods holding back the inner tubes from sliding up to the cork, and appeared 
to be complete in about 0-1 second. 

At first the alkali was in excess and the solution was accordingly pink, but as further acid was 
produced by reactions (2) and (3) the colour faded. The time, ¢, from the moment of mixing 
to complete decolorisation was measured with a stop-watch, If the amount of fluosilicate 
measured into the outer tube required N c.c. of alkali for permanent neutralisation, and only 
a smaller quantity, » c.c., had been put into the inner tube, then at the moment when the colour 
just disappeared the amount of SiF,” present was equivalent to (N — m) c.c. of alkali. Thus 
the fraction (NV — m)/N = R (say) measures the proportion of the stoicheiometrical amount of 
fluosilicate taken actually existing as SiF,’’ at the time ¢. According to the ordinary uni- 
molecular law, log R is a linear function of ¢, and by extrapolating back to zero time log R, 
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is obtained, where R, is the proportion of possible fluosilicate ion actually existing as such in the 
original fluosilicate solution. 

The underlying conception of this is that hydrogen ion is being produced at a rate which is 
independent of the concentration of the hydroxyl ion present, provided only that this be large 
enough to make the back reaction negligible. Similar log R-¢ relationships are possible where 
this is not true (e.g., in the neutralisation of dichromate solutions) but confirmation in this case 
was obtained in the following way. 

To one tube containing N c.c. of sodium fluosilicate were added  c.c. of alkali such that it 
took 35 seconds for the colour to fade. Then to another tube containing the same quantity, 
N c.c., of fluosilicate were added (m+ *) c.c. of alkali and, 25 seconds later, sufficient 
hydrochloric acid to neutralise the extra % c.c. of alkali. The colour still faded in 35 seconds 
from the moment of first mixing, despite the fact that for the first 25 seconds the concentration 
of alkali had been much greater. Thus the rate of reaction is proved to be independent of the 
concentration of the alkali, and the curves obtained correspond to a truly unimolecular 
production of hydrogen ion and cannot be interpreted on any theory which involves the hydroxyl 
ion entering into the slow reaction. 

To eliminate the possibility that the reaction was pseudo-unimolecular, as in a hydrolysis 
involving the solvent water, measurements were made in mixed solvent media-water containing 
up to 20% of alcohol or acetone—and it was found that the rate of reaction was nearly doubled. 
(Our quantitative measurements of this were later found to be slightly in error owing to the 
effect of the solvent medium on the indicator employed, and are therefore not recorded.) This 
would hardly be the case if the slow reaction were itself a hydrolysis. 

The final proof of the correctness of the theory arises from the fact that these reactions are 
reversible, giving rise to an equilibrium in solutions of sodium fluosilicate, and that the 
corresponding equilibrium constant can be determined over a wide range of concentration by 
means of the values of R, obtained by extrapolation as described above. Further, the addition 
of other salts, including fluorides, affects the concentrations of the substances involved in the 
equilibrium quantitatively in the way required by modern theory. 

The sodium fluosilicate employed was that used by us in our solubility measurements (J., 
1931, 1648). The sodium hydroxide was made from well-washed sticks, and was proved free 
from carbonate by its failure to give a precipitate with barium chloride. Glass vessels were 
used throughout, as the concentrations of hydrofluoric acid involved were extremely small 
and saturation with silica was in any case assured. 

Since the final stage of the titration is fundamentally that of the weak hydrofluoric acid, 
it was to be expected that the faintest tinge of colour of phenolphthalein would indicate the 
stoicheiometric end-point. This was confirmed by studying with a “ universal’’ indicator 
the py of solutions to which various amounts of alkali had been added. The greatest permanent 
change of py with quantity of alkali added occurred at the point indicated by phenolphthalein. 

In each individual run N was kept the same for all the tubes; 4 or 5 values of m were adopted, 
usually with six tubes for each. The data for a typical run are shown below : 


Run No. 40; 0°00525M-Na,SiF,; N = 21-07. 
n. 1 + log R. t. 
9°97 0°7217 11°3, 11°1, 11°6, 11°8, 11-7, 11-9 
12°94 0°5865 20°6, 20°0, 20°0, 19°7, 19°7 
14°24 0°5108 25°1, 25°8, 24°6, 24°6 
17°23 0°2607 40°3, 40°8, 39°4, 41°4, 39°8 


From four such values of log R six values for the slope may be calculated, and the mean 
of these was adopted although such a method gives undue weight to any inconsistency between 
points which lie close together. Even so, in the whole series of 24 runs involving solutions 
ranging in concentration from 0-0016 to 0-0218 g.-mol./l., the mean slopes all lie within the 
limits 0-0154—0-0168, with a large majority around the general mean value 0-0163. 

Table I shows, for each concentration studied, the mean slope obtained in this way, the 
mean extrapolated value of log R,, and the equilibrium constant calculated as described below. 

In calculating this constant, K = dgy, X ap*/dgy,-, it is convenient to think of 1 1. of 
solution containing stoicheiometrically m g.-mols. of sodium fluosilicate. From the velocity 
measurements it is determined that only R,m g.-mols. of SiF,’’ remain as such, so that according 
to reaction (2), (m — Rym) = z (say) g.-mols. of silicon tetrafluoride, and 2z g.-ions of F’ must 
have been produced. But some of this tetrafluoride has been further changed according to 
reaction (3), producing, say, x g.-mols. of hydrogen fluoride and therefore reducing the 
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concentration of silicon tetrafluoride to (z — #/4). Finally, some of this hydrogen fluoride is 
ionised, producing a further quantity, say y, of F’ and, of course, y g.-ions of H*. Thus the 
true concentrations of the various molecular and ionic species are 


May, = Rom My, = (2 — */4) my = (22+) Myp = (x—y) my =y. 


The constant K = fay,(z — x/4) x fy?(2z + ¥)*/faw,-Rom, where f denotes the activity 
coefficient of the substance indicated by the suffix, determined as given below. 

The values of x and y can be determined only by an indirect method, but fortunately they 
prove to be fairly small compared with z although by no means negligible. 

We calculate y from the py of the solution, assuming that no appreciable proportion of the 
hydrogen ion obtained from the dissociation of the hydrofluoric acid combines with the fluosilicate 
ion. The py, determinations were made colorimetrically by means of methyl-orange and 
comparison buffer solutions of sodium hydrogen phthalate and hydrochloric acid, according 
to the method of Clark and Lubs (J. Biol. Chem., 1926, 25, 479). All the solutions of pure sodium 
fluosilicate yielded the same result, viz., py = 3-6, corresponding to the value 0-00025 for the 
activity of the hydrogen ion. The corresponding concentrations of the hydrogen ion should 
vary with the ionic strength, but the variations are small compared with the uncertainty in p,, 
so a uniform value for y of 0-00027 was adopted for all the solutions of pure sodium fluosilicate. 

From this it follows that my. = 2(1 — R,)m + 0-00027. The concentration of undissociated 
hydrogen fluoride present, (¥ — y), may now be calculated from the dissociation constant 
of the acid and these concentrations of the ions, since the work of Davies and Hudleston (J., 
1924, 125, 260) has established that no complication from the formation of HF,’ is to be feared 
at the dilutions involved. The dissociation constant of hydrogen fluoride was calculated from 
the data of Dessen (Z. physikal. Chem., 1922, 102, 169), yielding agp = 1300ayay-.. It was 
assumed that the activity coefficient of the undissociated acid was unity, and that of the fluoride 
ion was taken to be the same as that of chloride ion in solutions of the same ionic strength 
(= fxe). The ionic strength was calculated simply from the stcicheiometrical concentration 
of the salt, since decomposition was small. Thus mgy = (¥ — y) = 1300 x 0-00025 x 
fr X (22 + 4). In conjunction with y, this gives x, and hence mg, = (z — %/4) is calculable. 

Finally, the calculation of the constant requires a knowledge of the activity coefficients of 
SiF, and SiF,’’. The former is taken as unity since the molecule is uncharged, and to obtain 
the latter we made special solubility determinations (/oc. cit.). 

The results, listed in Table I, are quite free from any sign of drift, and agree within the 
limits of error imposed by the difficulty of determining R, with sufficient accuracy. This is 
particularly important because R, varies from 0-628 to 0-924, so that any error in it is magnified 
in the term (1 — R,) to the cube of which K is almost directly proportional. The figure, which 
shows the plot of log R, against m, and in which the curve shows the values that log R, should 
have to give a constant value of K = 1 x 10, brings out clearly the satisfactory nature of 
the agreement. 


TABLE I. 
C = concn. of Na,SiF, in g.-mols./l.; & is based on common logarithms and seconds. 
Cc k 1+ K Cc k A Cc k 1b 


1 
x 105. x 108. log Ry. xX . KIO. x 16. bog k, - “MIO. xX 10. log Rg. 


161 162 0°7979 . 590 160 0°9223 , 1171 155 0°9511 
175 158 0°8182 ‘ 650 165 0°9354 ; 1265 155 0°9350 
254 163 0°8624 p 720 164 0°9297 : 1379 162 0°9596 
297 157 = =0°8559 ‘ 745 164 0°9350 , 1487 159 0°9578 
365 160 0°8997 ‘ 806 163 0°9385 : 1711 154 0°9556 
368 165 0°8902 , 905 167 0°9460 s 1971 163 0°9736 
502 159 0°9047 : 985 157 = 0°9459 , 1972 161 0:9723 
525 164 0°9123 ; 1047 163 0°9524 , 2180 157 =0°9658 


Measurements were then made in the presence of known concentrations of electrolytes, 
viz., sodium chloride, sulphate, or fluoride, added to both the fluosilicate and the alkali solutions. 
The results are collected in Table II. It will be seen that the slopes (of the log R against ¢ 
curves) all lie within the limits of the values obtained with pure fluosilicate solutions, so any 
effect there may be on the velocity constant lies within the experimental error. Actually, the 
values lie mostly below our previous mean, 0-0163, but we do not regard this difference as 
significant. This is in harmony with Brénsted’s theory (Z. physikal. Chem., 1922, 102, 169), 
for in this case the réle of ‘‘ complex ’’ must be played by an activated form of SiF,”, and as 





~ mm A fF ] oe FRA OP OO 


Fluosilicate Ion in Aqueous and in Aqueous Salt Solutions. 1337 


this necessarily has the same charge as the reactant (normal SiF,”) the velocity should be 
unaffected by the ionic strength of the solution. 


0-98 


1000 m. 


TABLE II. 


C. C. 

Na,SiF,. NaCl.* ' tg RR,  #. Na,SiF,. NaF.* 
001071  0°005 > 0°9628 0°56 0°00630 0°0021 
0°00806 0°100 , 0°9516 0°78 0°00662 0°0029 
0°00634 0°100 4 0°9369 1:07 0°00654 0°0052 
0°00175 0°200 . 0°8766 0°77 0°00635 0°0085 
Na,SO,.* 0°00681 0°0500 

0°00659 0°050 . 0:9369 1°30 


* Added electrolyte. 








On the other hand, the value of R, (and of R for any given value of ¢) is reduced by the 
presence of the added electrolyte. In the cases of sodium chloride and sulphate, this is simply 
due to the effect of the ionic strength of the solution on the activity coefficients of the ions 
concerned. Debye and Hiickel (Physikal. Z., 1923, 24, 305) have shown that the activity 
coefficient of an ion is given by the equation log f = — 0-5Z*V/u, where Z is the valency of the 
ion and yu is the ionic strength of the solution. Since we have log K = log may, + 2 logmy. 
— log may, + 2 log fy — log far,- (fa, being taken as unity), on applying the above relation 
we find 2 log fp — log far, = 1:5\/u. Hence, the greater » is, the smaller must be the term 
log may, + 2 log my — log myp,-, i.e., dissociation is repressed by the addition of non- 
participating electrolytes. 

That the effect is in fair quantitative agreement is shown by the fact that the equilibrium 
constants, calculated exactly as before with the appropriate value for the ionic strength of the 
solution, afe in about as good agreement as those obtained with solutions of pure sodium 
fluosilicate. 

The effect of sodium fluoride in repressing R, is enormously greater than that of the previously 
mentioned salts because it introduces one of the products of the dissociation, viz., the fluoride 
ion. This in itself appears to be very strong confirmation of the explanation that has been 
offered of the reaction. That the calculated equilibrium constant fails in the case of the more 
concentrated solutions is due solely to the values for the concentration of silicon tetrafluoride 
becoming less than the experimental error. For instance, in the presence of 0-0085M-sodium 
fluoride, it may be calculated from the known equilibrium constant that the molarity of the 
tetrafluoride should be 0-0003, whereas (z — */4) from the experimental data is exactly zero. 
The discrepancy is thus actually very small, although it renders the calculation of an equilibrium 
constant impossible for that case. The remarkably good agreement obtained with the more 
dilute solutions of sodium fluoride constitutes, therefore, the most searching .proof of the 
correctness of the postulated mechanism of the change and the essential accuracy of the method 
of calculation. 

In the presence of sodium fluoride the #, is slightly altered as shown in Table II. This 
has been taken into account in the calculation of K. 
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SUMMARY. 


The reaction between sodium fluosilicate and alkali is shown to be of the first order, 
with a value of 0-0163 (common logarithms: seconds) for the constant at 20°. 

The mechanism previously suggested by Hudleston and Bassett, that SiF,’’ slowly 
decomposes into SiF, and 2F’, followed by rapid hydrolysis of the former, is confirmed 
in various ways. In particular, the velocity measurements are used to determine the 
initial extent of hydrolysis of the fluosilicate solutions over a range of concentration, and 
hence to calculate the equilibrium constant, K = dgip,ay"/agip,, which is found to be 
1x10 at 20°. 

In accordance with theory, the addition of other electrolytes does not affect the velocity 
of change but represses the initial dissociation. 


UNIVERSITY COLLEGE OF WALES, ABERYSTWYTH. (Received, July 6th, 1934.] 





289. Some Reactions of 8-Nitro-l-naphthylamine and tts Derivatives. 
By HERBERT H. HopcGson and J. HAROLD CROOK, 


THE work now described had for its object the study of the influence of the 8-nitro-group 
on the reactivity of the nucleus containing the amino-group. 

For nitration, 8-nitroaceto-l-naphthalide required nitric acid of d 1-5, whereas aceto-1l- 
naphthalide was readily nitrated by acid of d 1-4 (Hodgson and Walker, J., 1933, 1209). 
Further, the nitro-group in the 8-position inhibited nitration in the 2-position, since only 
4 : 8-dinitroaceto-1-naphthalide could be isolated, whereas aceto-l-naphthalide gave a mixture 
containing considerable amounts of both the 2- and the 4-mononitro-derivative. 

Monobromination of 8-nitroaceto-l-naphthalide at 120° in glacial acetic acid in the 
presence of sodium acetate gave 4-bromo-8-nitroaceto-1-naphthalide, whose constitution 
was established by hydrolysis and deamination to form 5-bromo-l-nitronaphthalene. 
Further bromination gave the 2 : 4-dibromo-compound, whose constitution was established 
by hydrolysis to the base, conversion of this into 1-chloro-2 : 4-dibromo-8-nitronaphthalene, 
and, finally, reduction to the amine with subsequent deamination to give 1-chloro-2 : 4- 
dibromonaphthalene, identical with a specimen prepared from authentic 2 : 4-dibromo-1- 
naphthylamine. The retarding influence of the 8-nitro-group was therefore very 
pronounced, since aceto-l-naphthalide readily reacted with bromine at room temperature 
to form first the 4-monobromo- and then the 2 : 4-dibromo-derivative (Rother, Ber., 1871, 
4, 850; Meldola, Ber., 1878, 11, 1906). 

Reduction of 2: 4-dibromo-8-nitroaceto-l-naphthalide with acid stannous chloride 
in glacial acetic acid solution did not give the anticipated 2 : 4-dibromo-8-aminoaceto-1- 

naphthalide, since condensation occurred with formation of 7 : 9-dibromo-2- 

(Hs methylperimidine (inset), which, like methylperimidine itself (Sachs, Ber., 

C 1906, 39, 3027), was green. 

of me Direct dibromination of 8-nitro-l-naphthylamine gave 2: 4-dibromo- 
NH 8-nitro-l-naphthylamine, but attempts at monobromination always resulted 
in mixtures. This amine readily formed a diacetyl derivative which easily 
r underwent alkaline hydrolysis to give 2 : 4-dibromo-8-nitroaceto-l-naphth- 
alide; this was soluble in aqueous sodium hydroxide, indicating the facile 
Br ionisation of the hydrogen atom in the acetamido-group caused by the 
combined electron-attracting effect of the kationoid nitro-group and 
bromine atoms. 
EXPERIMENTAL. 


Nitration of 8-Nitroaceto-\-naphthalide.—(a) By nitric acid only. 8-Nitroaceto-1-naphthalide 
(10 g.) was added gradually to nitric acid (35 c.c., d 1-5) cooled in ice-water, the temperature 
being kept below 20°. After 5 minutes’ stirring, the solution was poured into water (300 c.c.), 
the precipitate of 4 : 8-dinitroaceto-1-naphthalide (11-7 g., m. p. 223°) filtered off, washed with 





oa | 


moeactamtd oO fF rh QO 0 8 0 


2 oa fh & "0 


QOec»crmrTranrmnpwegd—-ntre 3 > @ 


Sebo Ot 


8-Nitro-1-naphthylamine and tts Derivatives. 1339 


water, and dissolved in hot glacial acetic acid, from which it separated on cooling in colourless 
plates (m. p. 231°) (Found: N, 15-5. C,,H,O;N, requires N, 153%). 

(b) In glacial acetic acid solution. The naphthalide (23 g., 0-1 mol.) was added to a solution 
of nitric acid (4-9 c.c., d 1-5) in glacial acetic acid (100 c.c.) at 20°. After 30 minutes’ stirring 
the mixture was heated gradually to 80° and kept at this temperature for 30 minutes; on 
cooling, the 4: 8-dinitro-compound (7-7 g., m. p. 227°) crystallised; a further 12-8 g. of 
cruder material was obtained by diluting the mother-liquor. The product was recrystallised 
from glacial acetic acid; m. p., and mixed m. p. with product from (a), 231° (Found : N, 15-5%). 

4 : 8-Diniiro-1-naphthylamine.—The above acetyl compound (3-5 g.) was heated under 
reflux with a mixture of concentrated sulphuric acid (15 c.c.) and water (15 c.c.) until dissolution 
occurred ; on cooling and dilution with water, the base (2-1 g.) was precipitated ; it crystallised 
from glacial acetic acid in orange-brown or light crimson needles, m. p. 193° (uncorr.), the colour 
varying with the concentration and rate of cooling of the solution (Found: N, 18-2. Calc. 
for C,,H,O,N,: N, 180%). The m. p. was not raised by further recrystallisation, and no 
decomposition occurred on melting, the resolidified material melting again at the same 
temperature (contrast Ullmann and Consanno, Ber., 1902, 35, 2802, who give m. p. 197°, 
decomp.); it was very sparingly soluble in boiling ligroin, but rather more soluble in boiling 
alcohol. The benzoyl derivative was obtained from the amine in small yield by the Schotten- 
Baumann reaction, and was precipitated from its solution in aqueous sodium hydroxide by a 
current of carbon dioxide; it crystallised from aqueous alcohol in small, yellow, glistening 
leaflets, m. p. 224° (after softening) (Found: N, 12-7. C,,H,,0,;N, requires N, 12-5%). 
4: 8-Dinitro-l1-naphthylamine was readily converted by the Sandmeyer reaction into 1-chloro- 
4: 8-dinitronaphthalene (identified by m. p. and mixed m. p.) (Found: Cl, 13-9. Calc. : 
Cl, 140%). 4: 8-Dinitro-l-naphthaleneazo-B-naphthol formed red micro-crystals from glacial 
acetic acid (Found: N, 14-7. C,.H,,0;N, requires N, 14:-4%), which were turned green by 
alkalis, the red colour being restored by acids. 

Monobromination of 8-Nitroaceto-1-naphthalide-—The naphthalide (23 g., 0-1 mol.) and 
anhydrous sodium acetate (9 g.) were dissolved in boiling glacial acetic acid (100 c.c.), bromine 
(5-4 c.c., 5% excess) in glacial acetic acid (50 c.c.) then added, and the mixture boiled under 
reflux until all the bromine had disappeared (ca. 45 minutes). The solution on cooling deposited 
4-bromo-8-nitroaceto-1-naphthalide (24 g.), which, crystallised first from glacial acetic acid and 
then from ligroin (b. p. 120°), formed colourless plates, m. p. 202° (Found: Br, 25-8. 
C,,H,O,N,Br requires Br, 25-9%). The base was obtained by boiling the acetyl compound 
(24 g.) with a mixture of ethyl alcohol (130 c.c.), concentrated sulphuric acid (50 c.c.), and 
water (90 c.c.) for 3 hours under reflux. The sulphate, which crystallised from the cooled 
solution, was filtered off, and basified by trituration with aqueous sodium carbonate; 4-bromo- 
8-nitro-1-naphthylamine crystallised from ligroin (b. p. 90—100°) as long, slender, deep red 
needles, m. p. 116° (Found: Br, 30-2. C,,H,O,N,Br requires Br, 30-0%), readily soluble in 
glacial acetic acid, alcohol, and nitrobenzene. The hydrochloride, m. p. 185° (after partial 
dissociation) (Found: Cl+ Br, 37-8. C,,H,O,N,Br,HCl requires Cl+ Br, 38-0%), and 
hydrobromide, m. p. 209° (partial dissociation) (Found: Br, 46-1. C,)H,O,N,Br,HBr requires 
Br, 46-0%), both crystallised from alcohol in colourless needles and were partially hydrolysed 
by washing with water or exposure, to the atmosphere. 4-Bromo-8-nitrobenzo-1-naphthalide 
crystallised from glacial acetic acid in colourless needles, m. p. 218° (Found: Br, 21-4. 
C,,H,,0O,N,Br requires Br, 21-6%). 

1-Chloro-4-bromo-8-nitronaphthalene, prepared from 4-bromo-8-nitro-l-naphthylamine by 
the Sandmeyer reaction, crystallised from ligroin in pale yellow needles, m. p. 107-5° (Found : 
Cl+ Br, 40-1. C,gH,O,NCIBr requires Cl+ Br, 40-3%). The 1: 4-dibromo-compound, 
obtained in analogous fashion, crystallised from ligroin in pale yellow needles, m. p. 116° (Jolin, 
Bull. Soc. chim., 1877, 28, 515, gives m. p. 116-5°) (Found: Br, 48-3. Calc.: Br, 48-4%). 
4-Bromo-1-iodo-8-nitronaphthalene crystallised from ligroin or alcohol in pale yellow needles, 
m. p. 115-5° (Found: Br +I, 54:6. C,H,O,NBrI requires Br + I, 54-8%). 

Dibromination of 8-Nitroaceto-l-naphthalide—A mixture of the naphthalide (5-8 g.), 
anhydrous sodium acetate (4 g.), and glacial acetic acid (25 c.c.) was boiled under reflux while 
bromine (2-7 c.c.) in glacial acetic acid (30 c.c.) was added gradually. The heating was continued 
until all the bromine had reacted; addition of water to the cooled solution precipitated the 
2 : 4-dibromo-compound as a pale yellow powder (m. p. ca. 190°) which crystallised from glacial 
acetic acid in almost colourless needles, m. p. 198° (Found: Br, 40-9. C,,H,O,;N,Br, requires 
Br, 41-2%). 

Direct Bromination of 8-Nitro-1-naphthylamine.—A mixture of the base (18-8 g., 0-1 mol.) 
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and glacial acetic acid (150 c.c.) was liquefied by addition of nitrobenzene (ca. 30 c.c.), cooled 
to 0°, and stirred while a solution of bromine (10-3 c.c.) in glacial acetic acid (50 c.c.) was added 
gradually. The almost colourless hydrobromide of the 2: 4-dibromo-compound which 
separated (and was superficially dissociated by moisture) was filtered off and triturated with 
aqueous sodium carbonate; 2 : 4-dibromo-8-nitro-1-naphthylamine crystallised from its light 
red solution in glacial acetic acid as bright crimson, elongated plates (27 g.), m. p. 150° (Found : 
Br, 45-8. .C,,H,O,N,Br, requires Br, 46-2%); it was less soluble in boiling ligroin, in which 
it formed a yellow solution, than in glacial acetic acid, and was only sparingly soluble in boiling 
alcohol. The hydrobromide had no m. p. and charred gradually on heating (Found: Br, 56-0. 
C,,H,O,N,Br,,HBr requires Br, 56-2%). Dibromination also readily took place in carbon 
tetrachloride, chloroform, or nitrobenzene solution; but monobromination could not be 
effected (see p. 1338). 

2 : 4-Dibromo-8-nitrodiaceto-1-naphthalide was prepared by boiling the base with excess of 
acetic anhydride and 2 or 3 drops of concentrated sulphuric acid for 5 minutes. The product 
precipitated by water from the cooled solution crystallised from glacial acetic acid in long, 
slender, colourless needles, m. p. 190° (Found: Br, 37-1. C,,H,,0,N,Br, requires Br, 37:2%). 
This diacetyl compound in boiling alcohol was boiled with 20% aqueous sodium hydroxide for 
5 minutes after the initially colourless solution had become deep yellow, and addition of dilute 
hydrochloric acid to the cooled and diluted solution until the yellow colour was discharged 
then precipitated the monoacetyl compound; crystallised from alcohol or glacial acetic acid, 
this had m. p. 198°, undepressed when mixed with the dibromination product of 8-nitroaceto-1- 
naphthalide (Found: Br, 40:8%). 2: 4-Dibromo-8-nitrobenzo-1-naphthalide crystallised from 
glacial acetic acid in colourless needles, m. p. 228° (Found: Br, 35-4. C,;H,,9O,N,Br, requires 
Br, 35-6%). 

1-Chloro-2 : 4-dibromo-8-nitronaphthalene.—A solution of 2: 4-dibromo-8-nitro-1-naphthyl- 
amine (5 g.) in boiling glacial acetic acid (20 c.c.) was cooled rapidly to 0° and diazotised by 
gradual addition to a solution of sodium nitrite (1-5 g., 50% excess) in concentrated sulphuric 
acid (20 c.c.) at 0—20° (see Hodgson and Walker, J., 1933, 1620). After 10 minutes’ stirring, 
the diazo-solution was added to a cold (15°) solution of cuprous chloride (4 g.) in concentrated 
hydrochloric acid (30 c.c.), and the precipitate of 1-chloro-2 : 4-dibromo-8-nitronaphthalene 
(4-8 g.) was filtered off, washed with dilute aqueous ammonia to remove copper compounds, and 
crystallised from glacial acetic acid (charcoal), giving slender, light yellow needles, m. p. 146° 
(Found: Cl + Br, 53-8. C,gH,O,NCIBr, requires Cl + Br, 53-5%), readily soluble in boiling 
glacial acetic atid, less soluble in boiling ligroin, and very sparingly soluble in boiling alcohol. 

1: 2: 4-Tribromo-8-nitronaphthalene—The diazo-solution, prepared as above from. the 
amine (5 g.), was added to a cold solution of cuprous bromide (6 g.) in concentrated hydrobromic 
acid (25 c.c.). The precipitate of the 1: 2: 4-tribromo-compound crystallised from glacial 
acetic acid (charcoal) in light yellow, flocculent needles, m. p. 133° (Found: Br, 58-4. 
C,,H,O,NBr, requires Br, 58-5%), having similar solubilities to those of the 1-chloro-analogue. 

The diazo-solution, prepared as above from the amine, was added to a solution of potassium 
iodide (2 g. per 3 g. amine) in ice-water. The precipitated 2 : 4-dibromo-1-iodo-8-nitronaphthalene 
crystallised from glacial acetic acid (charcoal) in light brownish-yellow needles, m. p. 171° 
(Found: Br + I, 62-6. C,,H,O,NBr,I requires Br + I, 62-8%), very sparingly soluble in 
boiling alcohol. 

Some Halogeno-1-naphthylamines.—8-Chloro-5 : 7-dibromo-1-naphthylamine. A solution of 
1-chloro-2 : 4-dibromo-8-nitronaphthalene (3-5 g.) in alcohol (30 c.c.), to which concentrated 
hydrochloric acid (2 drops) had been added, was boiled under reflux while iron powder (1-8 g.) 
was introduced gradually (cf. West, J., 1925, 127, 494); the mixture was then refluxed for 
1 hour, and the liquid rendered just alkaline by means of aqueous sodium carbonate. After 
5 minutes’ boiling, the liquid was filtered, and the residue extracted again with boiling alcohol 
(15 c.c.). The combined filtrates were diluted with water until crystallisation commenced, 
8-chloro-5 : 1-dibromo-1-naphthylamine separating in colourless needles, m. p. 159° (Found: 
Cl + Br, 58-2. C,»H,NCIBr, requires Cl + Br, 58-3%); the picrate crystallised from alcohol 
in yellow needles, m. p. 160° (Found: Cl + Br, 34:3. C,,H,O,N,CIBr, requires Cl + Br, 
34:7%). The acetyl derivative crystallised from aqueous acetic acid or alcohol in colourless 
prisms, m. p. 227° (Found: Cl + Br, 51-8. C,,H,ONCIBr, requires Cl + Br, 51-8%), and the 
benzoyl derivative crystallised from glacial acetic acid in colourless needles, m. p. 237° (Found : 
Cl + Br, 44-4. C,,H,,ONCIBr, requires Cl + Br, 44-4%). 

5: 7: 8-Tribromo-1-naphthylamine. The corresponding nitro-compound was reduced by 
the above method, and the 5: 7 : 8-tribromo-compound crystallised from aqueous alcohol in 
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colourless needles or elongated plates, m. p. 155° (Found: Br, 62-9. C,9H,NBr, requires Br, 
63-0%) ; the picrate crystallised from alcohol in small yellow needles, m. p. 157—158° (Found : 
Br, 39-0. C,,H,O,N,Br, requires Br, 39-4%), the acetyl derivative (m. p. 232°) from aqueous 
acetic acid (Found: Br, 57-1. C,,HgONBr, requires Br, 56-8%), and the benzoy/ derivative 
(m. p. 225°) from glacial acetic acid (Found: Br, 49-4. C,,H,jONBr, requires Br, 49-6%), 
the last two forming colourless needles. 

1-Chloro-2 : 4-dibromonaphthalene, prepared from 8-chloro-5 : 7-dibromo-l-naphthylamine 
by elimination of the amino-group by the usual procedure, crystallised from aqueous alcohol 
in long, slender, colourless needles, m. p. and mixed m. p., with a specimen prepared by the 
Sandmeyer reaction on the known 2: 4-dibromo-l-naphthylamine, 100° (Found: Cl + Br, 
60-9. C,H,ClBr, requires Cl + Br, 61-0%). 

2: 4-Dibromo-1 : 8-naphthylenediamine was obtained by the reduction (West’s method, 
loc. cit.) of 2: 4-dibromo-8-nitro-l-naphthylamine; it crystallised from 30% aqueous alcohol 
in colourless elongated plates (turning pink in air), m. p. 110—112° (darkening) (Found: Br, 
50-3. C, H,N,Br, requires Br, 506%). 

Reduction of 2 : 4-Dibromo-8-nitroaceto-1-naphthalide.—(a) A solution of the nitro-compound 
(2 g.) in glacial acetic acid (25 c.c.) was heated on the water-bath with stannous chloride (7 g.) 
and concentrated hydrochloric acid (15 c.c.); a heavy precipitate of pale greenish-yellow prisms 
of the tin double salt of 7 : 9-dibromo-2-methylperimidine separated, which was practically 
insoluble in boiling dilute hydrochloric or acetic acid. Basification with sodium carbonate 
gave 7 : 9-dibromo-2-methylperimidine, which separated from its deep green solution in hot 
aqueous alcohol (charcoal) in light green micro-needles, m. p. 176—177° (to a deep green liquid) 
(Found : Br, 46-8. C,,H,N,Br, requires Br, 47-0%), sparingly soluble in ligroin (b. p. 100—120°) 
but readily soluble in acetic acid. 

(b) West’s method (/oc. cit.) afforded the same product, m. p. and mixed m. p. 176—177° 


(Found: Br, 46-7%). 
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290. The Reaction Kinetics of the Acid Hydrolysis of Phenolic Ethers. 


By Rustom P. GHASWALLA and FREDERICK G. DONNAN. 


THE velocity of hydrolysis (or strictly, ‘‘ acidolysis *’) in acid solution of a number of phen- 
olic ethers has been studied, with the object of throwing further light on aromatic side- 
chain reactivity and the effect of nuclear substituents thereon. Hydrochloric and hydro- 
bromic acids have been used as the hydrolysing agents (with hydriodic acid the reaction 
velocity was too great to measure by the method employed). In order to secure homo- 
geneous solutions, the solvent medium was a mixture of water and a saturated aliphatic 
acid (generally acetic acid). The experiments were carried out in sealed glass tubes im- 
mersed in an oil thermostat, the reaction temperature being generally 120°. The reaction 
was followed by suddenly chilling (in cold oil) at different intervals of time the various tubes 
of an initially identical series, and then opening the tubes and analysing their contents. 
The acid hydrolysis of some phenolic ethers in anhydrous or nearly anhydrous formic and 
acetic acids has been studied by Birosel (J. Amer, Chem. Soc., 1930, 52, 1944; 1931, 53, 
1408), using hydrobromic acid as the ‘‘hydrolysing” agent. With excess of acid the 
reaction was found to be one of the first order, a result which corresponds with that found 
in the present investigation. 

Phenolic Ethers—Some of the ethers were purchased and then purified; others were 
specially prepared in the laboratory. The following is a list of the ethers examined : 
(A) Anisoles, 0-, m-, p-nitro-; o-, m-, p-chloro-; 0-, m-, p-bromo-; 0-, m-, p-methy] ; 
o-, m-, p-amino-; 0-, m-, p-hydroxy-; 0-, m-, p-methoxy-; 0-. m-, p-acetyl. (B) Phene- 
toles, p-nitro-; p-chloro-; -methyl. 

4R 
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Methods of Analysis.—For the purpose of determining the amounts of the unchanged 
phenolic ether and the corresponding free phenol in the cooled reaction mixture, the follow- 
ing three methods were employed. 

Method 1. The mixture was made alkaline, the unchanged phenol ether extracted with 
ethyl ether, the free phenol then brominated by means of a potassium bromide—bromate 
mixture in the presence of concentrated hydrochloric acid, and the unused bromine deter- 
mined by thiosulphate. By means of tests with synthetic mixtures of known composition, 
this method was found to give excellent results with chloro-, bromo-, nitro-, methyl-, and 
acetyl-substituted ethers. 

Method 2. The mixture was treated with a slight excess of alkali, the unchanged phenol 
ether extracted with ethyl ether, the extract transferred to a beaker, the ether evaporated 
off, and the residue of phenol ether dried and weighed. This method was tested and gave 
satisfactory results in the case of methoxy- and amino-substituted ethers. 

Method 3. The acid reaction mixture was just neutralised with sodium bicarbonate, 
the phenol and the phenolic ether extracted together with ethyl ether, the extract evapor- 
ated to dryness, and the residue weighed. The methoxy-group was then estimated by 
Perkin’s modification of Zeisel’s method. This method was tested on synthetic mixtures 
and gave satisfactory results. It was used in the cases of m- and p-methoxyanisoles. 

The Order of the Reaction.—Two experiments were carried out at 120°, the initial re- 
action mixture containing in each case equimolar concentrations of phenolic ether and 
hydrochloric acid. In the following data, k, and k, denote velocity coefficients calculated 
on the basis of a first-order and a second-order reaction, respectively, with respect to the 
phenolic ether. 

Expt. 1. Volume of initial reaction fluid = 12 ml. Initial composition (mols.): 0°175 HOAc, 
0-0883 H,O, 0°02 PhOMe, 0°02 HCl. ’ 


Ether un- Ether un- 
Time hydrolysed, Time hydrolysed, 

(mins.). mols. &, X 104. k, x 10%. ky x 10°. (mins.). mols. k, x 10. ky x 104. ks x 10°. 
30 =: O01 914 14°6 745 38°8 150 0:01640 13-2 734 40°6 
60 0°01833 14°4 759 42°0 180 0-01580 13-1 740 42-0 
90 0°01758 14:2 757 40°8 240 0°01470 12°8 735 43-0 

120 = 0:01702 14-0 730 39°9 300 =: 001387 12-1 736 44:0 


Expt. 2. Volume of initial reaction fluid = 12 ml. Initial composition (mols.): 0°175 HOAc, 
0°0883 H,O, 0°01 m-C,H,Me-OMe, 0-01 HCl. 


30 0°00972 96°0 970 99 180 0°00852 89°0 965 107 

60 000944 95°9 988 101 210 0°00834 86°0 947 107 

90 0:00918 95-0 992 103 240 0:00814 84°0 952 104 
120 0°00895 92°0 969 106 300 0°00786 80°2 962 107 
150 0°00873 90°6 969 104 


It will be seen that in both cases the value of &, steadily falls, whilst that of k, remains 
fairly constant (the values given under the rubric ’, will be discussed later). When the 
acid was in large excess of the phenolic ether (molar ratio acid/ether = 10), the value of the 
first-order velocity coefficient was always found to be satisfactorily constant in any given 
reaction (as also found by Birosel). The simplest and most direct formulation of these 
results would be the bimolecular reaction 


Ph-OR + HX —> PhOH+RX ..... . (I) 


where Ph = aryl radical, R = alkyl radical, X = halogen atom. 

The Products of the Reaction and the Probable Reaction Mechanism.—In the case of three 
different anisoles, the final liberated phenol was separated from the unchanged anisole 
(amount = x g.), and after estimation was calculated back to the equivalent amount of 
anisole (amount calculated = y g.). The value of x + y may then be compared with the 
known initial amount of anisole (z g.)._ The following results were obtained. 


o-Methylanisole. p-Bromoanisole. m-Acetylanisole. 
BZ _eedvccccccecccccccvedsececescescepee 0°488 0°748 0-600 
BAY acccoscccocoscegdocesscscecens 0°466 0°725 0-563 
(4 HY) [ST worccecccccvcccrccscesssees 0-960 0-965 0-940 
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These results appear to show that the final amount of phenol produced is somewhat less 
than that to be expected from the formulation (1). Furthermore, when the final amount of 
RX produced is analytically determined, it is found to be about 20% less than that corre- 
sponding to formulation (1). Now, it is probable that the mechanism of the reaction 
corresponds to the initial formation of an oxonium salt, 1.¢., 


H ]ty- 
Ph‘OR + HX —> | Pro | Brie. (iy oe aves OG, Dae 
The oxonium compound might then break up in two ways : 
[ H k 7 Patll+ BX les. we 
PeOR “sa PeX+ROH. ..... @ 


The existence of reaction (4) might account for the small observed deficit in the amount 
of Ph-OH calculated for reaction (3) alone, whilst the greater deficit in RX might be 
accounted for by the reversible hydrolysis, RX + H,O @ R-OH + HX and the form- 
ation of some acetic ester from the alcohol so formed. Against the assumption that the 
deficit in Ph-OH is to be attributed to reaction (4) occurring as well as reaction (3), it may 
be noted that no Ph-X was found in the products of the reaction. This fact is also in agree- 
ment with the assumption that the deficit in Ph*OH is not to be attributed to the reaction 
Ph-OH + HX 2 PhX + H,O. 

It is assumed in the present paper that no serious error is produced in the study of the 
reaction kinetics by the assumption that the free phenol produced corresponds to formul- 
ation (1), or formulations (2) and (3). 

On the assumption that the initial reaction is the formation of an oxonium compound, 
the observed reaction kinetics may be explained in the following manner. We can make the 
following reaction table, where S denotes the oxonium compound and S its concentration : 


Time. Ph-OR, mols. HX, mols. S, mols. Ph:OH, mols. 


0 a b 0 0 
t a—* b—-* Ss y 
Then always 
SSI. «6 eee ee Se 
If we assume that there exists always the rapidly attained reversible equilibrium 
PROR + HASS «5. ot ee SON ® 
then practically always 
S=K(e—x)(0—2) . 2.0. ww ee GD 
Now 
he aa oe re ee ae 


We now assume that, except at the beginning of the reaction, S is very small compared 
with y (small value of K). Then from (5) we have the generally good approximation y = x, 
and hence from (7) and (8) 

dx/jdt=kK(a—x)(b—x) . . . «2 « « (9) 


If bis iarge compared with a, then approximately 
dx/dt = kKb(a — x) = k'(a — x) 


where kKb is equal to the pseudo-unimolecular velocity coefficient k’. It is true that when 
b is large compared with a the reaction is found to be one of the first order, but the surprising 
fact—to be discussed later—is that the pseudo-unimolecular coefficient k’ is by no means 
proportional to 6. Since by our assumptions K is relatively small, the reaction as formul- 
ated by equation (9), which in a certain sense is a pseudo-bimolecular reaction, will appear 
as a rather slow bimolecular reaction. 

Velocity Coefficients with Hydrochloric Acid at 120°.—The phenolic ethers listed above 
were subjected to hydrolysis in sealed glass tubes at 120°. The initial composition corre- 
sponded in all cases to the following molar proportions (total volume = 12 ml.): H,O, 
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0-221; HOAc, 0-1221; HCl, 0-05; phenolic ether, 0-005. The tabulated values of k’ 
are those of the first-order reaction with respect to the phenolic ether. They are therefore 
the pseudo-unimolecular velocity coefficients referred to in the preceding section. 


TABLE I. 


Values of 10*k’ 99 for the anisoles. 
(Unsubstituted anisole, 10*k’,,.> = 71:4.) 


p. 0. m. p. 0. m. 
Methoxy ..........++ 339 274 187 Cheri, 5 26ic cabs 37°2 29°3 16°4 
Methy] ............++- 102 80:1 751 BOD... dsacssessiee 23°9 12°4 89 
Hydroxy .........++ 82°1 — 249 Acetyl ...........006 13°9 17°8 23°3 
AMINO .......00e0e00s 46°5 34°8 19°5 BROEEE specaccceaseess 6°89 7°28 11°9 

TABLE II. 
Values of 10*k’ 9. for the phenetoles. 

Fides concn cose sepgeeesesperspesqsegssies 82:0 p-Nitrophenetole ............ccccccecccceees 7°31 
p-Chlorophenetole ............:.sscseeeeeeees 80°0 p-Methylphenetole ...............seeee eee 132 


The bearing of these results on the theory of side-chain reactivity will be discussed in a 


later section. 
Comparison of Hydrochloric and Hydrobromic Acids.—The temperature (120°) and the 


initial composition were the same as in the experiments the results of which are given in the 
foregoing section. 


Phenolic ether. hk’ wpr- k’ we. R’ypr/k’ na. 
Pa cdovincsounianasansencagsttettacaieteetes 0°0451 0°00710 6°35 
INS iin os inn. ck pinindsinetapibetaes 0°00724 0°00124 5°85 
orn iis tian 4d 4h 040640400) 0<anb40 ern 0°00478 0°000728 6°50 
IE citcteedeh osetinadentionnars 0-0611 0-0102 6-00 
0°0497 0°00801 6°30 


GEIS , cc ccscpacdoccccccessscsseseseeees 
It will be seen that with hydrobromic acid the velocity coefficient is approximately six 
times as great as with hydrochloric acid. With hydriodic acid the reaction is too fast to be 
measured by the method employed. The order is therefore k’y; > ’ yp, > F' yor 
Effect of increasing the Proportion of Water in the Initial Reaction Fluid.—In these experi- 
ments the temperature was 120°. The initial composition was 0-004 mol. anisole, 0-05 mol. 
hydrogen chloride, and 0-621 mol. (acetic acid +- water), the molar percentage of acetic acid 
being varied. 


HOAc, mols. % .......:ssseeeees 75 70 60 50 40 
pie RETIRE AE 541 430 237 158 101 


It will be seen that as the proportion of water increases the value of k’ diminishes. This 
result agrees with the view that the primary reaction is not a direct hydrolysis of the phen- 
olic ether by water. It has been assumed that this latter reaction, 7.e., PhOR + H,O —~> 
Ph-OH + R-OH, does not occur. 

Variation of the Pseudo-unimolecular Velocity Coefficient k’ with the Initial Concentration 
of Hydrogen Chloride.—Whether the reaction be viewed as a simple direct bimolecular 
reaction (equation 1) or as one involving the intermediate formation of an oxonium salt 
(equation 2), the pseudo-unimolecular velocity coefficient k’ should be proportional to the 
initial concentration of HX, provided that the latter is much in excess of the initial con- 
centration of the phenolic ether and that the variation of the medium can be neglected. In 
the following experiments (at 120°) the initial reaction fluid contained (in 12 ml.) 0-175 mol. 
acetic acid, 0-883 mol. water, and 0-005 mol. phenolic ether. The initial quantities of 
hydrogen chloride were 0-05, 0-04, and 0-03 mol. in the different experiments. The follow- 
ing table of results shows how the pseudo-unimolecular velocity coefficient k’ varies with the 
initial concentration of hydrogen chloride. 

Ratio of Ratioof Ratioof Ratioof Ratioof Ratioof Ratioof Ratioof Ratio of 


{HCl}. (HCl). R’. (HCl). {HCl}*. k’. [HCi). {HCl}. k’. 
o-Nitroanisole. p-Methylanisole. p-Bromoanisole. 

0°80 0°64 0°59 0°30 0°64 0°61 0°80 0°64 0°61 

0°75 0°56 0°50 0°75 0°56 0°50 0°76 0°56 0°50 

0°60 0-36 0°35 0-60 0°36 0°30 0°60 0°36 9°30 
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Although in these experiments the initial molar ratio [HCI]/[Ph-OR] was not always 
great enough (varying from 10 to 6), the results indicate that k’ is certainly not proportional 
to [HCl], being much more nearly proportional to [HCI]?._ This would involve the formul- 
ation, rate of disappearance of phenolic ether = rate of formation of free phenol = con- 
stant x [phenolic ether] x [HCI]*. With initially equivalent concentrations of phenolic 
ether and hydrogen chloride the reaction should then be formally one of the third order. 
The third-order velocity coefficients (multiplied by a power of 10) are given on p. 1342 
under the rubric ky. It will be seen that they show a very satisfactory degree of 
constancy. The occurrence of the squared term [HCI]? has been observed in certain re- 
actions by Dawson and his collaborators (e.g., Dawson and Millet, J., 1932, 1920), who 
explain it by the assumption that the effective reagent is the un-iontsed acid. If this be 
present in small concentration compared withthe total (analytically determined) acid, 1.e., 
un-ionised acid plus ions, and if the simple (ideal) law of equilibrium be assumed to hold good 
for the practically instantaneous ionic equilibrium, the existence of the squared term can 
be explained. The very marked order, k’q; > ype > ’’ qq, Observed in the present work, 
may be significant in this connection, and might be due to the varying small amounts of the 
un-ionised acids present in the reaction medium employed (compare also the results obtained 
by Birosel, loc. cit.). If Dawson’s hypothesis be rejected, the following alternative one might 
apply to the present case. Consider the formulation given on p. 1348. Assuming that the 
oxonium salt is completely ionised, we may put S = concentration of oxonium cation. 
Assume now that the reaction directly producing the free phenol is a bimolecular reaction 
between the oxonium cation and the halogen ion. If we also assume that the halogen acid 
is practically completely ionised, then 


dxdt = kS(b — x) = kK(a — x)(b — x)?. 


We have then for the pseudo-unimolecular velocity coefficient k’ the equation k’ = kK’, 
instead of the equation k’ = kKb. 

Effect of Temperature.—Experiments were made with o-nitroanisole at 110°, 120°, and 
130°. The molar proportions in the initial solution were in each case : water 0-221; acetic 
acid 0-1221; hydrogen chloride 0-05; o-nitroanisole 0-005. The results are shown below. 


TEER ‘iatesvectalcsdlneongensianettederan’ 110° 120° 130° 
Wale, OE bo, wine ddan bape ib cc cpeeens 0:000281 0°000728 0:00160 


From these results k’ j99-/R’349- = 2-6, R’yg9°/k’ 199° = 2°2. These data are not in agreement 
with the Arrhenius equation and do not give a constant energy of activation. This may be 
due to experimental error or to other causes. 

Effect of the Nuclear Substituents on the Velocity.—From Table I it will be seen that for 
the op-orienting substituents of the anisoles, the rate of hydrolysis of the phenolic ethers 
places the nuclear-substituting groups in the order 


OMe > Me > OH > H > NH,(HX) > Cl > Br. 


In every case examined the order of the three isomers is > 0 > m. For the m-orienting 
substituents the order found is acetyl > nitro, and in each case the order of the isomers is 
reversed, t.¢.,m >0 >. These results are in agreement with those obtained by Olivier 
(Rec. trav. chim., 1923, 42, 755) on the hydrolysis of the nuclear-substituted benzoyl chlor- 
ides (compare also Bennett and Jones, J., 1935, 1815). In the case of the phenetoles 
(Table II), only some f-substituted ethers have been examined. The order found here is 
Me > H > Cl for the of-orienting substituents, in agreement with the order found in the 
case of the anisoles. The comparatively high value found for k’ with the methoxyanisoles 
will be due in part to a probability factor, since there are in these cases two methoxy- 
groups which can be attacked by the halogen acid (or the hydrogen ion). 

It will be seen from a comparison of Tables I and II that the substitution of ethoxy] for 
methoxyl increases the values of k’. This is to be expected, since, ethyl being a stronger 
electron-repelling group than methyl, the oxygen of ethoxyl will, under similar conditions, 
be more negative than that of methoxyl. This will lead to a greater formation of the inter- 
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mediate oxonium compound (greater value of K), and thus to a higher reaction velocity, 
since the oxonium formation is due to attack by a negative centre-seeking reagent. In 
the present work the effect of nuclear halogens on the reactivity is in the order Cl > Br. 
This agrees with the order found by Olivier (loc. cit.), 1.e., Cl > Br > I (compare also Bennett, 
J., 1933, 1112). 

SUMMARY. 


(1) The kinetics of the acid hydrolysis of a number of anisoles and phenetoles in an 
aqueous-aliphatic acid medium has been studied. 

(2) Hydrogen chloride and bromide have been used as “‘ hydrolysing ”’ agents. 

(3) The results are in agreement with the assumption that oxonium-salt formation 
occurs as an intermediary step. ; 

(4) With excess of hydrogen chloride or bromide the reaction is pseudo-unimolecular, 
the velocity coefficient for the latter being about six times as great as that for the former. 

(5) With equivalent concentrations of phenolic ether and halogen acid, the reaction 
appears to be formally one of the third order. This is due to the halogen acid concentration 
entering as a squared term in the reaction-rate equation. Two hypotheses to account for 
this are discussed. 

(6) The rate-controlling reaction is probably the decomposition of the intermediate 
oxonium compound. The concentration of the latter is assumed to be subject to the 
oxonium salt equilibrium. 

(7) The influence of a number of nuclear substituents on the rate of the reaction has been 
determined and discussed. 


The authors desire to express their best thanks to Dr. E. D. Hughes for most helpful 
advice and suggestions. 
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291. Combination of Fatty Acids with Nitrogen Bases. Part I. 
Piperidine and Lower Fatty Acids: Surface Tensions, Molecular 
Volumes, and Parachors. 


By E. B. R. PripEAux and R. N. COLEMAN. 


THE combinations of organic bases with organic acids in absence of water have received 
much less attention than those in aqueous solution. The salts formed may be associated, 
dissociated as molecules, and as ions, and they may exhibit transitions between the 
behaviour of true salts and that of binary mixtures of substances which do not combine 
chemically. 

Piperidinium acetate was described by Zoppellari (Gazzetta, 1896, 26, 257) as forming 
deliquescent crystals, m. p. 103°, but little is known about the piperidine salts of other fatty 
acids. On mixing equivalent proportions of anhydrous piperidine and fatty acids, heat is 
generated, but there is no separation of solid salts at room temperature. In the system 
acid—base-salt, all the components are liquid, and it is therefore possible to observe what 
effect the formation of a compound has on the variation of physical properties with chemical 
constitution. The properties chosen are the surface tensions, leading to parachors and 
requiring the densities and molecular volumes. 

The densities of pairs of liquids having a similar and non-polar constitution are closely 
additive; those of polar, especially hydroxyl-containing, pairs show positive deviations, 
i.e., contraction takes place on mixing. It is to be expected that these deviations will 
become greater when chemical combination occurs. Pairs investigated by Bramley (J., 
1916, 109, 10), between some of which chemical combination should have occurred, are : 
phenol and acetone, phenol and aniline, dimethylaniline and pyridine. These, however, 
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only showed slight positive deviations from the mixture law. The only pair which gave a 
maximum of density was phenol and quinoline at 47 mols. % of phenol. The surface ten- 
sions of many binary mixtures were examined by Morgan and Scarlett (J. Amer. Chem. Soc., 
1917, 39, 2275), who concluded that small deviations having a maximum value at 50% by 
weight of each constituent were due to the physical effect of one liquid upon the other; 
large deviations with a maximum at points other than 50% by weight were ascribed to the 
formation of chemical compounds. The systems examined were chiefly of a type in which 
chemical combination can only be indefinite, e.g., acetic acid and benzene. The present 
data should show clearly the effect of chemical combination. Additional information will 
be gained by the electrical properties, which have been determined in part and will be the 
subject of a further communication. 


EXPERIMENTAL. 


Preparation and Properties of the Salts.—The piperidine and the fatty acids from propionic to 
octoic were all of the highest quality. Piperidine, after partial dehydration over anhydrous 
sodium sulphate, was redistilled over caustic potash, and then over barium oxide. The purity 
was further checked by titration of weighed quantities with standard acid. The fatty acids were 
redistilled, and their molecular weights checked by titration with standard alkali. 

When the constituents are mixed, they evolve considerable heat, giving colourless deliques- 
cent liquids, which obviously have much higher viscosities than the constituents. They are 
miscible in all proportions with alcohol and ether, and also, when quite dry, with benzene, 
light petroleum, and hexane. The m. p.’s are difficult to determine on account of the slowness of 
the change, and the high viscosities. With the exception of the propionate, they have all been 
frozen by strong cooling in ice and salt, or solid carbon dioxide and ether. There is a strong 
tendency to supercool, and the propionate in particular only gave a glass after 18 hours’ im- 
mersion in solid carbon dioxide and ether. The crystals were colourless needles in every case. 
For these reasons the following values are only approximate. 


M. p. of M. p. of M. p. of M. p. of 
Acid. acid. _ piperidine salt. Acid. acid. _ piperidine salt. 
pS ae +17° 103° * ee — 15° +17° 
PURINES scncecpcccseces —23 “= BROIGIEC. 0.0 cdeseescecccee —10 +22 
BED cvescccsebcovesees — 2 +10 EE. ees +16 +32 
S| ae eee —65l +20 


* Zoppellari (loc. cit.). 


Except for the salt of the branched-chain acid, the m. p.’s of the salts increase steadily with 
rise of molecular weight; there is no alternation in the odd and even members, as with the free 
acids. Although isovaleric acid has an exceptionally low m. p., that of its salt is relatively high. 

Combination curves of the fatty acids with piperidine resemble closely those of the corre- 
sponding titrations with alkali, as was proved by potentiometric titrations. The salts in aqueous 
solution appear to be highly dissociated, and only slightly hydrolysed. 

Densities and Surface Tensions of the Anhydrous Systems.—All measurements were made at 
25-0° in a thermostat heated by gas and regulated to + 0-02°. Densities were determined in the 
usual way in a density bottle or pyknometer, holding 3-5 c.c., which was washed with alcohol and 
ether and dried between each experiment; the accuracy was about 0-0002 g./ml. Surface ten- 
sions were determined from the rise in two capillary tubes. These were set in a rubber stopper, 
in contact along their length and dipped into the liquid contained in a specimen tube. They 
were depressed in the liquid, then raised, and carefully set vertical. Atmospheric moisture and 
carbon dioxide were excluded by a soda-lime tube. The differences in capillary heights, h, 
and h,, were observed by a Wilson cathetometer in the usual way. If, and 7, are the radii of 
the tubes, d the density of the liquid, and o the surface tension, then for each tube h, or h, = 
2a/rgd. Therefore if h, — hy = h,o = hdgr,r,/2(r, — r,), and since 7, = 0-0205 and r, = 0-0449 
cm., g7,%,/2(%, — 7,3) = 18-49. This absolute value of the apparatus constant was checked by 
comparison with benzene and water, the values found for o being 28-0 and 71-80 respectively, 
whereas standard values are 27-4 to 28-3 and 71-8 to 71-9 directly from Tables or by 
interpolation. In view of the satisfactory agreement the apparatus constant was used 
without correction. 

The density and capillary rise of pure piperidine were first determined. A small quantity of 
acid was then added slowly, with cooling in order to prevent darkening of the liquid; density 
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and capillary rise were redetermined in the same order, and the liquid was weighed. More acid 
was then added, and so on, up to an equivalent. Another series of observations was then made 
similarly, piperidine being added to the pure acid. The results are shown graphically in 
Figs. 1 and 2. 
‘ Fic. 1. 
Relation between density (g./mi.) and composition of mixtures of piperidine with acids C,H,°CO,H to 
7**15 -* 
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Fic. 2. 
Relation between surface tension and composition of mixtures of piperidine with fatty acids. 
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Densities.—In every case progressive salt formation is accompanied by an increase in density, 
which is nearly linear up to within about 10% of the stoicheiometric proportion of piperidine. 
The numerical results are summarised in the following formulz, in which # represents the % by 
weight of acid : 


Propionic D = 0-8690 + 0-00335% (up to 40% acid) 
Butyric D = 0-8690 + 0-00277% (up to 40% acid) 
isoValeric D = 0-8690 + 0-00213% (up to 45% acid) 


Hexoic D = 0-8690 + 0-00189% (up to 45% acid) 
Heptoic D = 0-8690 + 0-00163% (up to 50% acid) 
Octoic D = 0-8690 + 0-00140% (up to 50% acid) 
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For excess of acid, the graphs are distinctly curved, and the densities are expressed to a fair 
degree of accuracy by equations of the second or third order, thus (¥ being % of piperidine) : 


Propionic D = 0-9844 + 0-00335% — 779 x 10-74? + 5-5 x 10-7x8 
Butyric D = 0-9549 + 0-00252¥ — 332%? 
isoValeric D = 0-9258 + 0-00246% — 282x* 
Hexoic D = 0-9230 + 0-00214% — 247x? 
Heptoic D = 0-9145 + 0-0021l¥ — 244%? 
Octoic D = 0-9058 + 0-00203% — 240%? 


Densities of mixtures in equivalent proportions, 7.¢., salts, are shown by the mark 4 on the 
figures. These are maximum densities except for the propionate, for which this point lies about 
20% on the piperidine side of the maximum. The maxima are flat, denoting dissociation, and are 
little changed by a considerable excess of acid. The densities of the salts decrease with rise 
of molecular weight; i.¢., they follow the order of the densities of the free acids. The increase 
of density on combination also diminishes rapidly with increase in molecular weight, being 
0-101 g./ml. for the propionate and 0-056 g./ml. for the octoate. This is probably connected 
with the more intense interionic forces of the smaller anions. Contraction on combination is 
more clearly expressed in terms of specific volumes; ¢.g., in the above examples, 100 g. of piperi- 
dinium propionate occupy 97:8 ml., the calculated value for the mixture being 100/0-922 = 
108-5 ml., and the corresponding figures for the octoate are 105-5 and 112-2 ml. 

The specific volumes characteristic of the salts may be compared with those in admixture 
with excess of acid and of base. The volume of a mixture of salt and excess acid is less than that 
for an equal excess of piperidine, allowance being made for the fact that the acids have a smaller 
specific volume than piperidine. If the density of acid and of piperidine are constant in the 
presence of the salt, it appears that the salt occupies a greater volume when in piperidine than 
when in acid solution: this is possibly connected with its ionisation in these two liquids as 
solvents. In particular, it is noteworthy that the specific volume of the mixture decreases on 
the addition of a slight excess of propionic acid to the propionate, although the former has a 
higher specific volume than the latter. 

Surface Tensions.—The relation between surface tension and composition of mixtures cannot 
be expressed by equations of simple type. The values are given in Table I and shown in Fig. 2. 


TABLE I. 


Surface tension of mixtures of piperidine with fatty acids. 


Propionic acid, wt.%... 00 157 302 386 43-7 465 51-7 573 727 100-0 
=i iedaidiimasin tind 29-83 30-69 32-82 34-70 36-11 36-58 35-83 34-75 31-40 26-06 
Biutyrie acid, wt. % ... 169 800 41-5 460 489 50-8 60-0 70-2 87-1 1000 
> ia afin as lipo 30-50 31-86 33-27 84-06 34-39 34:39 32-90 31-04 28-17 26-21 
isoWaieric acid, wt %... 161 30-0 40-3 481 51-6 53-9 545 65:3 77-4 892 100-0 
Lechibdbbbachbbebcthbosohe 30-19 30°80 31-25 31-82 81-94 31-68 31-67 29-75 27-76 26-08 24-90 
Hexic acid, wt. % ...... 20-5 296 376 45:1 501 547 57-7 682 781 87:7 100-0 


educecoceccosatesosssosseceses 30-50 30-83 31-21 31-55 32-06 32-10 31-75 30-30 28-91 2821 27-49 
Heptoic acid, wt.% «. 181 2456 345 445 491 540 565 6584 60-4 69-5 80-7 89-8 100-0 
coqvcvecsescccescococscocecees 30-05 30-26 30-50 30-84 31-03 31-23 31-29 31-12 30-82 29:70 28-60 2819 27-97 
Octoie acid, wt. %, ...... 15-0 29-1 43:3 493 545 58:2 594 62-9 70-1 197 87-6 1000 


ercogeccapoepcosbdvccopisdsece 30-01 30-30 30-49 30-54 30-63 30-68 30-60 30-46 29-89 29-02 28-61 28-34 


Surface tensions of the n-acids rise with molecular weight, and that of isovaleric acid lies con- 
siderably below those of its normal homologues. The order of surface tensions of the free acids 
is reversed in the case of the salts, the propionate having the highest. Consequently, the rate of 
change of o in passing from acid to salt diminishes as molecular weight increases. The same is 
also true on the piperidine side, since, as the molecular weight rises, o for the salt approaches that 
of piperidine. The maximum ag, which is exactly at the salt concentration for the propionate and 
butyrate, moves over to the piperidine side as the molecular weight increases. Surface tension— 
composition curves of mixtures which have been previously investigated, ¢.g., chlorobenzene and 
acetone, chlorobenzene and ethyl propionate, benzene and acetic acid, benzene and plienol, 
showed negative deviations (up to nearly 3 dynes/cm.) from the mixture law. Maximum devi- 
ation is usually shown at the 50% mixtures by weight, and this was consideréd to indicate 
a mutual effect of the surface tensions of each liquid on the other (Morgan and Griggs, J. Amer. 
Chem. Soc., 1917, 39, 2261; Morgan and Scarlett, Joc. cit.). Mixtures of water and acetone 
showed a much larger deviation, which was ascribed to the formation of a compound. On the 
whole, the evidence seems very strong that the observed maximéa, at or near the 50% molar 
compositions, are characteristic of salt formation. This connects these low-melting salts with 
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the fused, highly ionised, inorganic salts which are known to have high surface tensions and low 
molecular volumes (Jaeger, Z. anorg. Chem., 1917, 101, 1). 

The curves obtained may be regarded as resultants of three factors: (1) The mixture law : 
if each component retained its own surface tension and was present on the surface in the same 
proportion as in the interior, then graphs would be rectilinear on either side of the salt. (2) 
Molecular dissociation, which would decrease the real proportion of salt in any apparent mixture 
and would be repressed by an excess of base or acid : this would account for the rounded sum- 
mits, the actual amounts of salt on each side of the maximum diminishing less rapidly than the 
amounts calculated from the proportions of constituents; at the salt point, the amount of salt, 
and also its degree of molecular dissociation, is at a maximum. (3) Surface adsorption of a 
capillary-active constituent, i.e., the free acid, and to a lesser extent, the piperidine; in accord- 
ance with Gibbs’s law, this depresses the surface tension and accounts for the concavity of the 
curves. 

These effects operating simultaneously will account for the observed form of the curves. 
The predominant effect is the high surface tensions of the salts, and this becomes less important 
as the molar weights of the acids rise. The next is the factor (1), and this also enters as a small 
factor as the surface tensions of the free acids approach that of piperidine. Last is the factor (3), 
which will always operate, according to Harkins, Clark, and Roberts (J. Amer. Chem. Soc., 1920, 
42, 700), in such a way as to present the least active part of the molecule, usually the non-polar 

F hydrocarbon radical, to the air-vapour phase. This 
IG. 3. ; A 
effect is, as already shown, common to our mixtures 
and the non-reacting pairs already quoted. 

The operation of all three effects may now be 
illustrated. In the case of the propionate the ionisation 
is at a maximum, as we have proved by conductivities 
of the anhydrous systems. The Surface tension of the 
salt is therefore very high as compared with those of 
the constituents, and since the molecular dissociation 
is low, there is little of these present, and the maximum 
therefore coincides with the salt composition. More- 
over, both piperidine and propionic acid are equally 
capillary active, at least in aqueous solution. Now, 
x” > meee al 60° in the case of the hexoate, factors (2) and (3) become 

more important. The salt is molecularly dissociated, 
giving some capillary-active fatty acid which lowers co. Addition of a slight excess of piperidine 
at first represses this dissociation, allowing o to rise to its maximum value, but further additions 
lower it again on account of factor (1). On the acid side, o continues to fall rather more 
rapidly than according to the mixture law, on account of surface adsorption, until its bulk 
concentration becomes so great that surface adsorption can no longer alter its concentration in 
the surface. 

Variation of Surface Tension with Temperature.—The effect of temperature upon surface 
tension of the propionate was investigated with a view to obtain information as to the molecular 
complexity of such salts. All experimental methods were the same as before. The thermostat 
was regulated by hand to within + 0-02°. The results are given in Table II and Fig. 3. The 
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TABLE II. 
a 19°18° 25°00° 30°44° 34°84° 40°20° 45°40° 50°10° 54:80° 59°84° 
d (g./ml.) ......... 1028 1023 1018 1015 #4010 1006 1:002 09986 0°9945 
F Spare abr memadeerentnn. b, 33 37:00 3658 3619 35°39 35°42 34:87 3448 33-99 33°56 
o (M/d)%8 ......... 1067 1058 1051 1043 1034 1021 1011 999 989 


decrease in density with rising temperature is linear and may be expressed by the equation 
d = 1-043 — 0-00083¢. The decrease of o, however, is only linear between 40° and 60°. Below 
40° the rate of decrease is smaller. The Eétvos-Ramsay-Shields temperature coefficient from 
40° to 60° is 2-30; from 20° to 30°, however, it is only 1-40. If the normal coefficient is 2-12, 
this would indicate a change in the degree of association from 0-88 (i.¢., dissociation) to 1-86. 
However, the values of this “‘ constant ’’ for a number of salts with organic cations show a wide 
range, extending from 0-47 for ethylammonium nitrate to 2-88 for tetrapropylammonium picrate 
(Sugden and Wilkins, J., 1929, 1291). 

Molecular Volumes.—From the density results it will be evident that the molecular volumes 
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lie below those calculated by the law of mixtures. On the assumption that the salt with a mole- 
cular weight M, + My is mixed in various proportions, 7, with the molecules M, or Mg, the 
mean molecular weight = *(M, + My) + (1 — *)M,, etc. Fora mixture of 15-7% of propionic 
acid (M 74-05) with 84-3% of piperidine (M 85-12), i.e., 0-212 mol. of acid and 0-996 mol. of base, 
the amount of salt is 0-212 mol. and that of free base is 0-784 mol. The mean molecular weight 
is therefore (0-212 x 159-2) + (0-784 x 85-12) = 100-5, and this divided by d, 0-9200, gives the 
molecular volume 109-2. The molecular volumes of the salts, observed and calculated on the 
foregoing assumptions, are given below (the molecular volume of piperidine at 25-0° is 98-0) : 


Molecular Volumes of Piperidine Salts at 25-0°. 


Vy of acid Vy of Vy of acid Vy of 
Vy of +Vy of - salt, Vy of +Vy of _ salt, 

Acid. acid. C,H,,N. obs. Diff. Acid. acid. C,;H,,N. obs. Diff. 
Propionic...... 75°2 173-2 1556 176 Hexoic ...... 125°8 228°8 207°1 = 16°7 
Butyric......... 92-2 1902 172°8 -17°4 Heptoic ...... 142-2 240°2 2241 161 
isoValeric...... 110°3 208°3 191-2 17:1 Octoic ......... 159°2 257°2 2418 15:4 


The molecular volume of each salt has been reduced by combination to nearly the value which 
would be shown by the salt of an acid having one carbon atom less; e.g., the observed molecular 
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volume of piperidinium isovalerate is nearly equal to that calculated for the butyrate. This 
change is much greater than that which would be caused by the annulment of the atomic volume 
of a hydrogen atom, which enters the piperidine molecule as a proton. The contraction is 
probably due to ionisation, the interionic forces acting as in water, although less strongly on 
account of the much lower dielectric constants of the anhydrous systems. The results of 
electrolytic conductivity determinations suggest that cation and anion are only free to a small 
extent, the rest being present as ion pairs of the type suggested by Bjerrum, which are also, 
however, contracted and distorted on account of their relatively large volumes and high com- 
pressibilities as compared with inorganic salts. 

Pavrachors.—The molecular volumes of acid, base, and salt at the same temperature are under 
more closely corresponding conditions than usually prevail in salt formation. Nevertheless, 
parachors should indicate still more definitely any departures from the additive law due to ionis- 
ation. The parachors of base, acid, and salt are calculated as usual from the experimental values 
of o and d, the molecular weights of mixtures being calculated from mean molecular weights 











derived as above. 


mixture law. 
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In Fig. 5 they are plotted against molar fractions of the salt. 
resemble in general those for molecular volumes; they are nearly straight, conforming to the 
It has been shown by Hammick and Andrew (J., 1929, 754) that the law of mix- 
tures is fairly well obeyed by a mixture of two liquids, whose surface tensions do not differ by 
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more than 7 dynes/cm. Actually there is a slight negative deviation from the mixture law, the 
parachors being given by the interpolation formule : 


Mixtures of x mol. fractions of salt with 





(1) piperidine. (2) acid. 
EE snccseendivindesnptaas . = 229°0 + 135°3x + 18°3%? P = 170°0 + 195°4% + 17°2x? 
ino nsasccdpoyescgd’cheoes = 229°0 + 169°5%* + 20°02? P = 208°6 + 192°5% + 17-4%2 
SEER ss ccitaianashcéncerines P = 229°0 + 215°7x + 89x? P = 246°3 + 184°3r + 23°0x? 
PEE on0nas ss s0bdbodcnsasubaiaed P = 229°0 + 250°7x + 12:0x? P = 288°0 + 176°3% + 27°4x? 
BOOOONS  oicesccccgetsceeeesset P = 229°0 + 292°4% + 6°5x? P = 327-2 + 175°7% + 25°0x? 
RN cits. kas catback canes tell P = 229°0 + 333°0% + 6:2x? P = 367°4 + 176°8% + 24-0x2 


The curves approximate more closely to a straight line on the piperidine side; on the acid side 
the deviations from the mixture law are somewhat greater. The experimental value for piper- 
idine itself agrees closely with that calculated from Sugden’s constants (J., 1924, 125, 1177). 
Parachors of the fatty acids themselves are about 10 units too low, this deviation decreasing as 
the homologous series ascends. isoValeric acid shows a greater deviation, branched-chain 
compounds having smaller parachors than straight-chain compounds. It is generally accepted 
that the fatty acids are associated (they show low values of the Ramsay-—Shields coefficient), 
and on these grounds the low values of the parachors are usually explained. However, Mumford 
and Phillips (J., 1929, 2112) assign a lower value to the parachor of hydrogen when combined 
with oxygen on account of the high electron affinity of the latterelement. With this assumption, 
the parachors of the fatty acids again become normal. 

The observed parachors of the piperidine salts of the fatty acids fall considerably below those 
calculated from the atomic constants, bonds, and structural units; and also below the sums of 
experimental parachors of acid and base (see Table III). Calculated values of the parachors £P 
contain the value — 1-6 of the semipolar bond, which has also been assigned to the combination 
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TABLE III. 
=P’, cale. 
P, =P, P, ur, from 
obs. calc. ZP—P. obs. calc. P,a+P3. TP—P. UP’—P. 
Piperidine ... 229°0 230°7 17 Salts. 

Acids. Propionate 382°6 409°3 399°0 26°7 16°4 
Propionic ... 170°0  180°2 10°2 Butyrate ... 4185 4483  437°6 29°8 19°1 
Butyric ...... 208°6 219-2 10°6 isoValerate 453°6 487°3 475°3 33°7 21-7 
isoValeric ... 246°3 258°2 11°9 Hexoate ... 491°7 526°3 517°0 34°6 25°3 
Hexoic ...... 288°0 297°2 9-2 Heptoate ... 527°9 565°3 556°2 37°4 28°3 
Heptoic ...... 327°2 336°2 9-0 Octoate...... 568°2 604°3 596°4 36°1 28°2 
SP acensnas 367°4 375°2 79 


of two ions by Sugden (J., 1929, 1291). Ionisation is known to have a great effect on the 
parachor. In the case of fused salts, e.g., stannous and lead chlorides, P>ZP, but the reverse 
holds for silver chloride (Sugden, ‘‘ The Parachor and Valency,” 1930, p. 178). A few metallic 
salts of organic acids may show P< =P, but salts of organic bases, e.g., tetralkylammonium bases, 
may be nearly normal, P~ =P or P>=XP. Few salts of organic bases with organic acids have 
been investigated from this point of view. Tetrapropylammonium picrate, in which ionisation 
should be complete, gives P~ =P. Mumford and Phillips (/oc. cit.), on theoretical grounds, 
assign quite different values to the parachors of ions. In particular, they calculate a value for 
the ion :NH,” of 25. For these salts, there is also the question of the anion C,,H,,,,-CO,. If the 
parachor of the hydrogen atom attached to oxygen is subtracted from that of the acid as calcu- 
lated by Mumford and Phillips, we obtain the following results : 


C;H,)NH,, P = 225:8. 


Salt. =P of salt. P, obs. Salt. =P of salt. P, obs. 
Propionate...............+.+ 381-0 382°6 Hexoate ............... 501°0 491-7 
DREIIIE....gscccsccrensccees 421-0 418°5 Heptoate ...........009. 541°0 527°9 
ssoValerate..............000. 461-0 453°6 Gotoate ...........550. 581-0 568°2 


The agreement is better than before, but a deviation remains which increases with increasing 
molecular weight. Other possible explanations for these deviations are the association of the 
salts and the effect of surface adsorption, which, however, is relatively slight, and hardly affects 
o*. 

It may be noted also that if the parachors of the propionate are calculated from the surface 
tension and density results between 20° and 60°, the values are not strictly constant, changing 
from 381-9 (at 19-2°) to 385-2 (at 59-8°). The rate of change falls off considerably at higher 
temperatures, so that at 60° it appears to be approaching a constant value. The change is too 
small.to bring the parachor appreciably nearer to the theoretical value, but, nevertheless, has 
significance. It is usually found that for associated liquids, e.g., the lower fatty acids, the para- 
chor is not independent of temperature, but increases as the temperature rises (Sugden, op. cié., p. 
166). It would thus seem from the evidence of the parachor, that the propionate is associated 
at 20°, the degree of association falling off at higher temperatures. This also agrees with the 
results indicated by the Ramsay-Shields coefficient, k, which changes so markedly over this 
range. Evidence has been obtained of an abnormal value of k for the hexoate, which accord- 
ingly also must be regarded as associated at lower temperatures. Nevertheless, such variations 
of parachor are of a minor order compared with the considerable diminution due to salt formation, 
We consider that this is, in the main, to be explained by the exceptionally low molecular volumes 
resulting from rather intense changes acting on highly compressible ions. 


University CoLLeGE, NorrincHaM. (Received, June 30th, 1936.} 





292. The Influence of Solvents on Reaction Velocity. The Interaction of 
Pyridine and Methyl Iodide and the Benzoylation of m-Nitroaniline. 


By N. J. T. PickLes and C. N. HINSHELWOoD. 


SYSTEMATIC investigation of series of reactions is yielding information about the relative 
importance of changes in the factors P and E in the expression for the reaction rate, 
PZe-*/*? in passing from one reaction to another. The influence of polar substituents, 
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sterically hindering groups, catalysts and reaction type has been studied in thisway. The 
object of this paper is to extend existing knowledge in a direction making possible general 
statements about the influence of change of solvent on these two factors. 


EXPERIMENTAL. 


Two reactions have been chosen for investigation : first, the combination of pyridine and 
methyl iodide, the data for which will be comparable with those of Grimm, Ruf, and Wolff (Z. 
physikal. Chem., 1931, B, 18, 299) for triethylamine and ethyl] iodide ; and secondly, the benzoyl- 
ation of m-nitroaniline. Both are bimolecular with rates conveniently measurable in a wide 
range of solvents at accessible temperatures. The rate of the first was measured by a modific- 
ation of Menschutkin’s method (Winkler and Hinshelwood, J., 1935, 1147), and the second as 
described by Grant and Hinshelwood (J., 1933, 1351). A special device was used for rapid 
reactions, which were started by breaking a bulb of one reactant in a flask containing the other, 
preheated to the reaction temperature; and stopped by liberal dilution with a cold inert solvent, 
usually benzene. Timing was by stop-watch. 

The solvents were dried and distilled in all-glass apparatus. Methyl iodide was redistilled, 
pyridine dried over potassium hydroxide and fractionated, benzoyl chloride vacuum distilled, 
and m-nitroaniline recrystallised from water and dried at 100°. Temperatures were measured 
with N.P.L. thermometers. For each solvent the reaction rate was measured at five temper- 
atures over a range of about 75°, as is always desirable if reliable results are to be obtained for 
the activation energies. All velocity constants recorded are corrected for the expansion of the 
solvent. In general the initial concentrations were M/10 for the Menschutkin reaction; and for 
the benzoylation reaction, benzoyl chloride M/100, m-nitroaniline M/50. Except where 
explicitly stated, bimolecular constants (I./g.-mol.-sec.) were satisfactory, and the Arrhenius 
equation was followed exactly, as illustrated by the following examples. 


Pyridine and methyl iodide in Benzoyl chloride and m-nitro- Pyridine and methyl iodide in 
chlorobenzene at 25°0°. aniline in nitrobenzene at 60°0°. anisole at 60°0°. 
Mins. % Change. k x 10°. Secs. % Change. & x 10%. Mins. % Change. k x 104. 
300 6°32 3°73 120 23°3 6°33 67 25°3 8-42 
1,515 24°8 3°63 210 35°6 6°58 103 33°3 8°08 
1,911 28°8 3°53 300 45°0 6°81 194 49°1 8-29 
3,180 , 3°50 420 53°0 6°72 240 54°7 8°39 
4,995 } 3°42 (uncorr. for 1001 83-2 8°25 
11,595 ‘ 3°40 expansion) (uncorr. for 
expansion) 
Pyridine and methyl iodide in benzonitrile. 
25°0° 39°9° 60°0° 80°0° 
30°4 91°8 340 1120 
13,800 13,700 13,500 13,900 
In this table the values of E are calculated from each successive interval of temperature, which 
exaggerates the errors. In practice E was found graphically from the best plot of log & and 1/T. 


Where comparisons of individual velocity constants with previous work have been possible, 
the agreement is usually satisfactory (Winkler and Hinshelwood, /oc. cit.; Thompson and 
Blandon, J., 1933, 1237; Newling, Staveley, and Hinshelwood, Trans. Faraday Soc., 1934, 30, 
597). 

Sapiens from normal behaviour were observed in some solvents. In hexane and in cyclo- 
hexane the pyridine—-methyl iodide reaction showed so marked an autocatalysis as the solid 
reaction product was formed, that reliable constants could not be obtained ; e.g., at 100° in cyclo- 
hexane the following numbers were found : 


Minutes 252 1074 1272 1410 
% Change 2 74 61:2 69°0 72°5 


With so pronounced an acceleration any extrapolation would be doubtful. In isopropyl ether 
the same effect was observed, but in a much smaller degree, and constants could be obtained by 
extrapolation to zero time. With the benzoylation reaction in carbon tetrachloride there are 
departures from the bimolecular law at higher temperatures. For example, at 80°, starting with 
M/100-amine and M/200-acid chloride, the constant fell from an initial value of 1-07 x 10° to 
0-79 x 10 at 50% change. When the initial concentrations were halved, the constant rose 
from an initial value of 0-50 x 10° to 0-66 x 10° over the same range. These effects can be 
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explained by assuming that the reaction between the acid chloride and the amine requires the 
presence of a polar molecule. In an active solvent the polar molecules are those of the solvent 
itself, but in an inert medium like carbon tetrachloride the réle must be taken over either by 
molecules of one of the reactants (which virtually increases the order of the reaction from two to 
three and accounts for the fall of the bimolecular constants on dilution), or by the polar solid 
product which acts as a heterogeneous autocatalyst. The latter effect accounts for an increase 
of the constant as the reaction proceeds. At the higher initial concentration the removal of 
reactants as time goes on has an effect outweighing the autocatalysis, but at the lower initial 
concentration the latter is relatively the greater. Analogous observations were made by Grant 
and Hinshelwood for the benzoylation of aniline. 

The pyridine—methy] iodide reaction gave erratic constants at the higher temperatures, and 
iodine was liberated. Consequently, the activation energy had to be determined from measure- 
ments at three temperatures only, and is less accurate. The benzoylation reaction in carbon 
tetrachloride and in isopropyl ether follows the Arrhenius equation at higher temperatures, but 
in the lower range gives constants greater than those required by the equation, as though some 
different reaction mechanism were coming into relative prominence. The activation energy was 
therefore calculated from the measurements at the higher temperatures only (60—100° for carbon 
tetrachloride ; 25—80° for isopropylether). This and all other values for cases which were in any 
way anomalous are marked with an asterisk in the table. 


TABLE I. 


Reaction between pyridine and methyl iodide. 
Dipole moment 


logyo (A190° X 105). E of solvent. 


isoPropyl ether 1°195 13,800 1-0 
Carbon tetrachloride 1°65 18,700 * 
Mesitylene 1°94 14,900 
Toluene a 14,500 
Benzene 14,100 
Chloroform 13,200 


Chlorobenzene 13,900 
13,600 


13,700 
13,200 
13,800 
13,700 
13,700 


to 
o 
a 
-_ 


on 


Bromobenzene 


Iodobenzene 
Benzonitrile 
Nitrobenzene 


& Pewee Ow weeoeo 


2°15 
2°52 
2°60 
2°61 
2-70 
2°83 
3°06 
3°50 
3°57 


WoNHNHwakae 
He C2 Ot 09 G9 ON Gd OO 


TABLE II. 
Benzoylation of m-nitroaniline. 


Solvent. logio (Rioo X 104). E. Solvent. 10g 30 (Ry90* X 104). E. 
Carbon tetrachloride ... 1-530 13,600 * Bromobenzene 2°259 10,600 
isoPropyl ether 2-060 10,900 * Toluene 2-297 9,700 
Benzene 2-162 10,300 Nitrobenzene 3°492 9,400 
Chlorobenzene 2°230 11,350 Benzonitrile 4°540 10,100 


DISCUSSION. 


In Figs. 1 and 2 the activation energy is plotted against log k. If changes in E from one 
solvent to another were solely responsible for the changes in rate, the points would lie on a 
line of slope — 2-303RT : if changes in P were alone concerned the line would be horizontal. 
It is evident that changes in P play an important part. This fact stands in contrast to 
what is found when the rate is modified by the introduction of polar substituents which 
cause changes principally in the activation energy. With the pyridine-methyl iodide 
reaction the value of E remains almost constant for the more active solvents, P alone 
varying. What happens in the inert solvents does not appear unambiguously; E rises 
steeply for carbon tetrachloride, and the rise appears already to be slightly in evidence with 
toluene and mesitylene, but is completely absent with isopropyl ether. If the results of 
Grimm, Ruf, and Wolff for the reaction between triethylamine and ethyl iodide are plotted 
in the same way, the points relating to the active solvents vary rather less regularly, but 
here also, E remains fairly constant. For the inert solvents hexane and cyclohexane, a 
pronounced rise in E appears, corresponding to what we find with carbon tetrachloride. 
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In the benzoylation reaction the changes in P are again in evidence, but are accompanied 
by rather greater variations in E. In the most inert solvents E shows the same steep in- 
crease found in the other two examples. 

Taking the results as a whole, we may draw the following conclusions : (1) In quatern- 
ary ammonium salt formation and in benzoylation, change of solvent produces important 

changes in the factor P. In certain 

; Ss en cases these may account for almost 

Reaction between pyridine and methyl iodide. the whole difference in reaction 

velocity, as, for example, with the 

pytidine-methyl iodide reaction in 

a series of benzene derivatives as 

solvents. In general, however, E 
varies at the same time. 

(2) Where P alone changes, it 
increases in a rough parallelism with 
the dipole moment of the solvent, 
though no exact relation exists (or is 
to be expected). 

(3) Although there is no reason 
7) a ae : why plotting E against log k for a 

Lod (k yp * 10°): series of solvents should give a 

From left to right the points on the diagram are in the Cofeate cig a Figs. 1 and 2 show 

™ order of the corresponding values in Table I. that there is a tendency for most of 

the points to group themselves about 

such a curve. The interesting possibility presents itself that the general trend may be as 

represented in Fig. 1, E remaining nearly constant for the active solvents and rising sharply 

for the least active. This suggestion must be made with a certain reserve, since investig- 

ation of the inert solvents is rendered difficult by disturbing factors such as the catalytic 

action of the solid products, or even of the reactants themselves, as described above. 

Individual results for this range of the curve 

might therefore be challenged, yet taken 

together they give a strong indication that a 

curve of the for: . shown may possess general 
significance. 

Theories of the manner in which solvents 
affect the velocity of reactions must account 
for these rough generalisations. The changes 
in the activation energy are to be expected. 
Polar substituents in the reactants exert a 
profound influence on it (for benzoylation 
reaction see Williams and Hinshelwood, J., 
1934, 1079), and therefore, even apart from 














Fic. 2. 


Reaction between benzoyl chloride and 
m-nitroaniline. 





any question of solvation, the external field of 3 . A 


the solvent molecules can very well exert a L06jp eay * 10”). 
. . * 

similar though probably smaller effect. From left to right the points on the diagram are in 
The Variations in P are less simple, and ¢h¢ oder of the corresponding values in Table II. 

no specific theory of them is here advanced. 

The following observations, however, may contribute to their elucidation, (1) It must 

first be remembered that the value of Z, the collision number, is derived. from a formula 

for gaseous systems the extension of which to solutes depends partly upon approximations 

and partly upon empirical verification for special solvents. In the present examples it may 











* If the reaction rate is thought to depend upon solvent-solute collisions, the question of applying 
Jowett’s correction to E arises. This has not been done in the table, but if it is, then the conclusions 
stated above are in no way altered, and the general trend of the results is much the same as before 
(see Moelwyn-Hughes, ‘“ Kinetics of Reactions in Solution,” p. 18). 
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be only roughly true; and although any errors introduced by its use would certainly not 
explain away values of P as small as 10° to 10°, in which region most of the present values 
lie, these errors might distort the ratio of the values for widely different solvents. We do 
not consider it at all likely that the general relations discussed above could be explained as 
changes in Z rather than changes in P. An improved theory of collisions in solution which 
could explain away on this basis the observed apparent changes in P would certainly have 
great claims to consideration. In the meantime, however, we shall assume that the vari- 
ations observed are actually those in P itself, 

(2) There is a suggestive similarity between the increase in P with the polarity of the 
solvent, and that which occurs when we pass in catalytic reactions from an uncharged to a 
charged catalyst. It may be connected with a favourable influence of the solvent on the 
orientation of the reacting molecules, increasing with the polarity of the solvent (J., 1935, 
1112). 

(3) It is conceivable that in some cases one function of the solvent is to remove energy 
from the intermediate activated complex and so prevent the latter from reverting into the 
reactants. In such a case P would be a direct measure of the efficiency with which the 
solvent molecules fulfilled this function, and, where the product is a polar salt, might be 
expected to increase in a rough parallelism with the polarity of the solvent (cf. Trans. 
Faraday Soc,, 1936, 32, 970). Further investigations with different types of reaction are, 
however, necessary before this question can profitably be discussed further. 

Whatever be the nature of the variations in P, to account for the shape of the curve 
drawn in Fig. 1 no very specialised hypotheses would be necessary. We know that foreign 
molecules can reduce the activation energy, presumably by a direct modification of the 
potential-energy curves of the reacting molecules. This is, in fact, one of the primary 
factors in all catalytic action. It is only necessary to assume a saturation limit to the 
reduction which can be brought about in this way to account for the observed trend of E£, 
and if the more active solvents are still capable of affecting P after E has been reduced to 
the limit, then the form of the curve would be explained. 


SUMMARY. 

Two reactions, the combination of pyridine and methyl iodide and the benzoylation of 
m-nitroaniline, have been studied in a wide variety of solvents, and certain general con- 
clusions about the influence of the solvents upon the factors P and E of the equation, 
reaction rate = PZe~#/®7, have been drawn. 


We are indebted to Imperial Chemical Industries, Ltd., for financial assistance. 
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293. The Kinetics of the Acid and the Alkaline Hydrolysis of 
Esters. 


By W. B. S. NEwLinG and C. N. HINSHELWooD. 


ESTERIFICATION of a carboxylic acid by an alcohol requires a catalyst, which may be either 
an alcoholated hydrion or a molecule of an undissociated acid. For the former, the value of 
Pin the usual expression for the reaction velocity, PZe~#/*", is several powers of ten greater 
than for the latter (Hinshelwood and Legard, J., 1935, 587). The question arises how far 
the difference between the catalysts is purely a function of the ionic charge. In the reaction 
between acetone and iodine, P varies widely with change of catalyst, and the values seem to 
fall into two well-defined groups, being high for the hydrion, and for the anions of acetic 
and propionic acids, but small for undissociated acids. Smith (J., 1934, 1744) considers 
that there is, within the group of undissociated acids, a functional relation between P and 
the acid strength, but this is less striking than the contrast between the charged and the 
uncharged groups. 
4$ 
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Ester hydrolysis offers the opportunity of investigating the matter further by comparing 
the behaviour of hydrogen ions and hydroxy] ions in catalysing the same reaction. This, 
together with the accumulation of further information about the nature of the factor P, 
was the principal object of the following experiments. 









EXPERIMENTAL. 


The solvent chosen was aqueous acetone containing 40 c.c. of water in each 100 c.c. This 
contains enough acetone to dissolve aromatic esters up to N/10, and so much water that we may 
assume (i) that [H,O] is constant during the course of the hydrolysis, and (ii) that sodium hydr- 
oxide and hydrochloric acid are completely ionised in N/20-solution. Although, in principle, 
this solvent is unstable to alkali, no changes occurred to a freshly prepared solution which affected 
the velocity constants even in the slowest experiments. 

The rates of hydrolysis were measured by the ordinary titration methods, with a special 
device for the more rapid reactions. In general, the initial concentrations of ester and alkali or 
hydrogen chloride were 0-05N. For 25—80° electrically controlled thermostats were used, for 
0° a Dewar vessel containing ice and water, and for temperatures above 80° special boilers con- 
taining water, perchloroethylene, or xylene. Temperatures were measured with N.P.L. 
thermometers. 

For the alkaline hydrolysis, satisfactory constants were always obtained with the usual 
bimolecular formula. For the acid hydrolysis, various methods of treating the results were 
employed according to the circumstances. Where it was practicable to measure the equilibrium 
constant, the integrated form of the equation 


dx /dt = k,{HCl]\(a — x) — k,f[HCl]x2 


was used to determine k,, and gave satisfactory constants. In some cases the hydrolysis was so 
nearly complete that the second term was negligible and the unimolecular formula was applicable. 
The catalytic action of the acid products of hydrolysis was negligible in presence of hydrogen 
chloride except in the case of dichloroacetic acid, where, however, it was easy to allow for it, 
the initial constants being taken. In the slowest reactions the equilibrium constant could not be 
measured, since, in the long times necessary for the attainment of equilibrium, secondary re- 
actions of hydrogen chloride with the alcoholic product occurred. The velocity constants were 
therefore calculated from the initial rates, which were found by drawing tangents to reaction— 
time curves. The admissibility of this procedure was verified by determining the constants in 
this way also for those reactions where the integrated formula involving the equilibrium constant 
could be used : there was satisfactory agreement—e.g., 0-00360 and 0-00351 for methyl acetate 
at 80-2°. 

Constants were determined in all cases at four, and sometimes at five, temperatures. The 
Arrhenius equation was obeyed within the limits of experimental error. All constants were 
corrected for the thermal expansion of the solvent (the correction represents about 200 cals. in 
the activation energy). 







































TABLE I. 


Ethyl m-nitrobenzoate and sodium hydroxide, 0-O5N. 


(1) Reaction at 15°2°, started by breaking bulb containing 5 c.c. N/10-alkali in tube with 5 c.c. 
N/10-ester, the whole previously brought to 15°2°. Stopped by pouring into excess standard acid, the 
rate of the acid hydrolysis being negligible. Timing by stop-watch. ?¢ is the time, x the percentage 
change, and &, the bimolecular constant. 


8 cvcepsncatedsingee 120 180 240 330 530 600 
WD cdqovivisovsnqcgie 32°95 41°75 48°8 58°05 69-0 70°35 
Rg aricescsseccrecess 0-0819 0°0796 0:0794 0°0839 0°0840 0°0792 


(2) Temperature coefficient. e 
TOGRPOEARUTS ...0.cccccccccescsesocecescecs 0-1° 15°2° 24°9° 39°9° t 

WOE, GOS isas nddliiiccdccassveb tresses 2°31 8°15 17°15 48°8 t 

100k, (calc., Arrhenius) ............++. 2°35 8°22 17-1 48°5 ‘ 

Ethyl m-nitrobenzoate and hydrogen chloride, 0-O5N. d 

Velocity constants obtained by initial tangent method. h 

DANII 00s cscaricn<enanngpeagbonn 60-0° 800° 99°7° 119°8° 136-8° 139-0° K 


Re X BHP GRR) cccccccccccsccccossccses 3°63 19°6 88-1 328 933 1045 
k, x 108 (calc., Arrhenius) ......... 3°63 19°5 36°3 335 955 1086 t! 








_ sr 4 


Lal 
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Esters were distilled to constant b. p., except that the m-nitrobenzoate was recrystallised from 
ligroin, the p-nitrobenzoate was crystallised successively from ligroin, aqueous acetone, and 
aqueous alcohol, and the anisate was frozen out several times. 

The results are given in the tables. The units are seconds and g.-mol./litre. Table I gives 
typical results for ethyl m-nitrobenzoate, and Table II summarises the values found for all the 
esters. 





TABLE II. 
Acid hydrolysis. Alkaline hydrolysis. 
Ester. kas> X 107. E, cals. hese X 104. E, cals. 
Ethyl m-nitrobenzoate ... 1:10 19,600 Ethyl anisate ............... 79 15,350 
Ethyl benzoate ............ 1:29 18,900 Ethyl benzoate ............ 38°0 13,750 
Ethyl dichloroacetate ...... 136 14,750 Ethyl isobutyrate 62°4 11,000 
Ethyl isobutyrate............ 210 15,300 Methyl acetate............... 1375 11,500 
Phenyl acetate .............+. 267 16,700 Ethyl m-nitrobenzoate .... 1715 12,850 
Ethyl chloroacetate...... 382 17,000 Ethyl p-nitrobenzoate ... 3055 12,500 
Methyl acetate ............+.. 549 16,250 
Ethyl formate ............+.. 10,700 15,600 
Methyl formate............... 10,100 15,600 
DISCUSSION. 


Comparison of P for Catalysis by Hydrion and by Hydroxyl Ion.—In the figure, log k is 
plotted against E. If the difference between the acid and the alkaline hydrolysis of a given 
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ester is due solely to change in E, the slope of the line joining the points representing the 
two reactions will have the standard slope — 2:303RT. From the diagram it appears that 
the changes in E do, in fact, account in the majority of cases for nearly all the difference, and 
that, on the average, P is nearly the same for both types. This contrasts with the large 
difference, in esterification, between the values of P for reactions catalysed severally by 
hydrion and by an un-ionised acid. This result lends support to the belief that the actual 
ionic charge is an important factor in determining P. 

The common mean value of P for the alkaline and the acid hydrolysis further suggests 
that the two modes of reaction have an analogous mechanism. Acid hydrolysis must 
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involve a molecule of water as well as the ester and the acid catalyst, but alkaline hydrolysis 
might conceivably be formulated as a simple bimolecular interaction of a hydroxyl] ion with 
the ester without the intervention of water. For the latter mechanism we should expect 
a value of P more nearly equal to unity, as in the reactions of negative ions with halides. 
The observed value suggests that the intervention of the water molecule is just as necessary 
in alkaline as in acid hydrolysis. 

Polar Effects and the Mechanism of Hydrolysis.—Polar substituents in a benzoic ester 
greatly influence the rate of alkaline hydrolysis. In agreement with Ingold and Nathan 
(this vol., p. 222), who used alcoholic solutions, we find that electron sources increase 
and electron sinks lower the activation energy. An electron sink makes the carbonyl 
carbon atom more positive and readier to attach a negative hydroxylion. The effect of the 
polar substituents suggests therefore that the stage leading to the addition of the hydroxyl 
to the carbonyl oxygen is the rate-determining one in which most of the activation energy is 
required. The results of the last section suggest that the co-operation of a water molecule 
is also necessary. The water gives a proton to the alkoxyl group of the ester and simul- 
taneously liberates a hydroxyl ion, forming a structure which immediately breaks down into 
alcohol and acid by a simple electronic rearrangement. We thus arrive at the scheme of 
hydrolysis formulated by Lowry (see Waters, ‘‘ Physical Aspects of Organic Chemistry,” 
1935, Chap. 12) : 


ee oe gps 
(1) R-C—OR (2) os (3) RC OR 
OH HOH OH H OH , OHH OH 


The next point to consider is the difference between alkaline and acid hydrolysis. 
According to Lowry’s mechanism, the first stage in acid hydrolysis will be the addition of a 
proton from the acid to the alkoxyl oxygen. The formation of such an oxonium ion will 
probably require little activation energy, and, in contrast with the primary attachment of 
hydroxyl to carbonyl carbon in alkaline hydrolysis, will not be the rate-determining process, 
as is shown by the fact that variations in the nature of the alcohol group have little effect on 
the rate (compare acetate and benzoate, on the one hand, and methyl and phenyl acetates, 
on the other; Table II). The rate must thus be determined as in alkaline hydrolysis by the 
addition of hydroxyl to the carbonyl carbon, but, whereas in alkaline hydrolysis free hydr- 
oxyl ions are available in high concentration, in acid hydrolysis they must be torn from 
water molecules. This latter fact probably explains why the activation energy is several 
thousand calories greater for the acid hydrolysis. 

More difficult problems arise in considering the influence of substitution in acid hydro- 
lysis. For example, both the dichloroacetate and the dimethylacetate (isobutyrate) 
show abnormally small values of P, and the activation energies are both smaller than for the 
acetate. The relatively low value of P might be explained geometrically, and it is under- 
standable that the strongly negative chlorine should lower the activation energy, but it is 
surprising that the methyl groups should exert their effect in the same direction as chlorine. 
Steric hindrance cannot explain this, since it would lead to an increase and not a decrease of 
the activation energy. Analogous difficulties arise in comparing the behaviour of trichloro- 
and trimethyl-acetic acids in esterification (J., 1935, 1588; cf. also Evans, this vol., p. 785). 
It may be mentioned that we have also made experiments on the acid hydrolysis of ethyl 
p-nitrobenzoate and ethyl anisate. The rate of reaction of each ester differed from that 
of the benzoate by a small factor only, but the activation energies appeared to be abnorm- 
ally low. The anomaly may be specially connected with the influence of para-substitu- 
tion. The reactions showed no obvious abnormality, but in view of the high temperatures 
which had to be used (80—140°), we prefer to withhold the data until the absence of dis- 
turbing reactions has been more conclusively proved, and the whole question of para- 
substituents more thoroughly investigated. 

Influence of the Solvuent—Comparison of the present results for the alkaline hydrolysis of 
benzoic esters with those of Ingold and Nathan shows that on passing from 56% acetone to 
85% alcohol the activation energy increases by 3000—5000 cals. At the same time P 
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increases by nearly two powers of ten. Where comparison is possible, the results for both 
k and E in aqueous acetone appear to correspond more nearly to the values for aqueous 
solutions. 

Correlation of P with Entropy Changes.—Various authors have discussed possible 
relations between reaction velocity and entropy change. According to Soper (J., 1935, 
1393), the value of P might be expected in certain cases to be given by the expression 
e4S/R/(] + eS/2), where AS is the increase in entropy accompanying the reaction. It is 
interesting to see how nearly true this is for a given type of reaction. 

With methy] acetate, the equilibrium in aqueous acetone was reached at 90% hydrolysis, 
when the initial concentration was 0-05. It was independent of temperature. This gives 
K = 0-405/[H,0]. The actual value of [H,O] in the solvent is 22-2 g.-mols./l. Thus the 
equilibrium constant is 0-405 or 0-0182, according as the water is regarded as solvent or as 
reactant. The entropy increase, which is R In K since AH is negligible, is in the former case 
— 1-79 and in the latter — 7-93. The corresponding values of P from Soper’s equation are 
0-29 and 0-018 respectively. In deriving the former, the entropy is calculated by taking as 
the standard state of water, not unit concentration, but its actual concentration in the 
solvent. Kinetically this would appear to be equivalent to the assumption that water is 
always available whenever a suitable collision occurs between ester and catalyst, and 
naturally leads to a value of P greater than that found when water is assumed to be compet- 
ing on equal terms with the other reactants. The greater value is the one which should 
correspond to our present experimental conditions. On the assumption that water is 
always present when hydrion and ester meet, Z of the formula PZe~#/*" is simply the 
number of collisions between ester and hydrion. By using the ordinary collision formula, 
and taking o to be 3-5 x 10° cm., the value of P is found to be 3 x 10%, which is 
matkedly smaller than that predicted by the formula. A difference of nearly the same 
magnitude is found with ethylisobutyrate. But acid hydrolysis of esters involving proton 
transfers are obviously not the best cases for testing a theory of this sort. 


SUMMARY. 


The values of P in the equation for the reaction rate, PZe~#'*", have been compared for 
the acid and for the alkaline hydrolysis of a series of esters in aqueous acetone, the bearing 
of the results on the theory of hydrolysis being discussed. The mean value of P appears 
to be approximately the same whether the catalyst is the hydrion or the hydroxy] ion. 


We are indebted to Imperial Chemical Industries Ltd. for financial aid. 


PuysIcAL CHEMISTRY LABORATORY, 
BALLIOL COLLEGE AND TRINITY COLLEGE, OxFORD. (Received, August 1st, 1936.] 





294. The Rates of Some Acid- and Base-catalysed Reactions, and the 
Dissociation Constants of Weak Acids in “ Heavy” Waiter. 


By J. C. Horne and J. A. V. BUTLER. 


THE discovery of deuterium provided a new approach to the problems of acid and basic 
catalysis, and it appeared probable that it might provide a means of distinguishing the 
possible mechanisms. A number of reactions catalysed by acids or bases have been 
investigated, and in some cases the velocity constant is greater in deuterium oxide than in 
water (e.g., inversion of cane sugar, Moelwyn-Hughes and Bonhoeffer, Naturwiss., 1934, 
22, 174; Z. physikal. Chem., 1934, 26, B, 272; Gross, Steiner, and Suess, Trans. Faraday 
Soc., 1936, 32, 883; hydrolysis of methyl and ethyl acetates, Schwarz, Anz. Akad. Wiss. 
Wien., 1934; decomposition of diazoacetic ester, Gross, Steiner, and Krauss, Trans. 
Faraday Soc., 1936, 32, 877), but in others it is smaller (e.g., mutarotation of «-d-glucose 
catalysed by water and hydrogen ions, Moelwyn-Hughes, Klar, and Bonhoeffer, Z. physikal. 
Chem., 1934, 26, B, 278; ionisation reactions of nitromethane, Wynne-Jones, J. Chem, 
Physics, 1934, 2, 381). 
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Moelwyn-Hughes and Bonhoeffer suggested that the enhanced rate of hydrolytic 
reactions in deuterium oxide was due to the greater stability of the complex with deuterium 
than of that with hydrogen, and the slower rate in the other reactions has been attributed 
to the rate-determining process being a proton (or deuteron) transfer. Wynne-Jones 
(loc. cit., and Chem. Reviews, 1935, 17, 115) has therefore suggested that the use of heavy 
water provides a means of distinguishing general catalysis [in which the rate-determining 
process is believed to be the proton (deuteron) transfer from the catalysing acid to the 
substrate] and specific catalysis by hydrogen ions, where the rate is determined by the 
concentration of the complex. 

The relative rates of a number of other reactions have been investigated, and the 
temperature coefficients of the methyl acetate reaction determined. The acetal and 
orthoformate reactions have also been employed to determine the 
relative strengths of some weak acids in “‘ light” and in “‘ heavy ”’ 
water. The chief difficulty in this work is the necessity of 
following the whole reaction with a small quantity of solution. 
Methods making use of the viscosity and refractive index changes 
have been devised for determining the velocity constants with 
about 1 ml. of solution. 


—— | 








EXPERIMENTAL. 
' 4) - 1. Hydrolysis of Methyl Acetate —The reaction in 0-5M-sulphuric 
° ——) acid was carried out in a viscosity tube, with parallel titrations, and 
a it was found that the increase of viscosity (ca. 20%) in the reaction 





was proportional to the extent of hydrolysis, A small enclosed 
viscometer was constructed (see fig.) holding about 1 ml. of liquid. 
The capillary was about 10 cm. long, and the time of flow between 
the two marks on the upper bulb with water about 100 secs. The 
liquid was raised to the upper bulb by means of a hypodermic syringe, 
so that no air escaped. 1 M1. of acid was placed in the dry viscometer 
in a thermostat, and its time of flow (+ 0-2 sec.) observed with a 
Venner stop watch. Then 0-1 ml. of methyl acetate was added, and 
the viscometer well shaken to ensure thorough mixing. It was then 
replaced in the thermostat, and readings of the time of flow taken 
every 3 mins., the time of the observation being taken to be the 
middle of the period of flow. If 6, is the time of flow at the time /, 
and 6... the final time when the reaction is complete, the amount of 
methyl acetate remaining is proportional to 6. — 90,, and the velocity 
constant is given by 
k = (1/2) . log (8.0 — O9)/(G.0 — 9%) 

where 6, is the initial time of flow. Actually, k was determined by 
plotting log (6. — 6,) against ¢. Fairly good linear graphs were 
obtained, although occasionally trouble was experienced owing to 
the presence of minute particles of dust in the liquid, and a few experiments had to be abandoned 
for this reason. 

The deuterium oxide contained more than 99-9% of D,O, d38° = 1-1079. Solutions in both 
water and deuterium oxide were made by the addition of A.R. sulphuric acid (99-98%). This 
reduced the deuterium content of the D,O to about 97%. 

The results are given below, where w is the weight normality, d the density, and c the 
volume concentration (equivs./litre) of the acid, k the observed velocity constant, and E the 
apparent activation energy (in kg.-cals.) determined by the Arrhenius equation. 


Velocity constants of hydrolysis of methyl acetate. 














Solvent. y w. d. c. k (min.~). kIc. E. 
H,O 15° 1°381 1-042 1-439 0°00193 000134 17-0 
25 1:381 1-039 1-431 0°00520 0-00364 
D,O 15 1-466 1-150 1-686 0°00408 0°00242 15°8 
(97%) 25 1-485 1151 1-709 0°0104, 0-00610 
R50" Fao = 1°85 (15°); = 1°68 (25°). 
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Alkaline Decomposition of Diacetone Alcohol._—The alkaline hydrolysis of methyl acetate is 
considerably more rapid than the above, and in solutions dilute enough to give a suitable rate 
the change of viscosity is too small for convenience. While this work was in progress, Wynne- 
Jones found by the conductivity method (Chem. Reviews, 1935, 17, 115) that the alkaline 
electrolysis is more rapid in ‘‘ heavy ” than in “ light ” water in the ratio 1-33: 1. Work on 
this reaction was therefore abandoned, but as an example of basic catalysis (though not strictly 
a hydrolytic reaction), we examined the reaction CH,-CO*CH,*CMe,-OH ——> 2COMe,, which 
is catalysed by hydroxyl, but not at all by hydrogen ions (Koelichen, Z. physikal. Chem., 1900, 
33, 129; Akerlof, J. Amer. Chem. Soc., 1926, 48, 3046). These workers used a dilatometric 
method, which is very inconvenient, but it was found that there is an appreciable decrease 
of viscosity in the reaction, and the rate can easily be determined by the method described 
above. The alkaline solutions were made by dissolving A.R. sodium hydroxide in H,O and in 
D,O, a dry air-box being used. The aqueous solutions were carefully standardised 
independently. The diacetone alcohol was redistilled in a vacuum, and the fraction of b. p. 
68°/14 mm. used. 1 MI. of the alkaline solution was put in the viscometer, and 0-1 ml. of the 
alcohol added from a capillary pipette. A slight loss of acetone occurred, which made the 
final viscosity reading somewhat unreliable, but since numerous points are available it was 
possible to determine the end-point indirectly. If the equation of the unimolecular reaction 
is written as d0/dt = k(6. — 96,), it can be seen that 6. can be obtained by plotting the values 
of d6/dt against 0,, which gives a straight line the extrapolation of which te d@,/dt = 0 gives 02. 
This procedure somewhat. reduces the accuracy, and the determination of the temperature 
coefficient was not attempted. The results are given below. 


Velocity constants for decomposition of diacetone alcohol. 


Solvent. z. w. d. c. k (min.—). hic. 
H,O 15-0° 0-090 1-004 0-090 0-0210 0-233 
D,O 15-0 0-120 1-111 0-133 0°0383 0-287 

(99%) 150 - 0-082 1-109 0-0908 0-0258 0-284 


hey [Reg = 1:22 (15°). 


Acid Hydrolysis of Acetal and of Ethyl Orthoformate.—The hydrolysis of these compounds 
has been studied by Skrabal and by Brénsted and Wynne-Jones (Trans. Faraday Soc., 1929, 
25, 59), who found that catalysis by acids other than hydrogen ions and by bases was 
undetectable. 

The foregoing viscosity method was laborious and exacting, so an attempt was made to find 
an alternative method. It was found that considerable changes of refractive index occurred 
in the hydrolysis, and the progress of the reaction could easily be followed by means of a Zeiss 
interferometer. The change of refractive index usually corresponded to ca. 60 drum divisions 
of the interferometer, and the accuracy of reading was + 0-2 division. The reacting solution 
was placed in one of the cells with an “‘ ether-proof ’’ cover, and a similar solution containing 
no ester was placed in the other. During the winter months the temperature of the water-bath 
of the interferometer, which was well jacketted, remained practically constant, but in summer 
it was necessary to place the whole interferometer in a tunnel constructed in a thermostat. 
The reaction was followed by noting the drum reading required for the coincidences of the 
fringes in the upper and the lower part of the field. This method is extremely convenient for 
following the course of hydrolytic reactions in small quantities of solutions, and the curves 
obtained are very reproducible. The readings were treated in the same way as the viscosities 
above; i.e., if n, is the drum reading at time ¢, and »,,. the final reading, the velocity constant 
is obtained by plotting log (y. — 7) against ¢. Solutions of ca. 0-001N-hydrochloric acid were 
prepared by adding weighed quantities of accurately standardised 0-1M-acid in water to water 
and deuterium oxide severally. The deuterium content in the D,O is thereby reduced by about 
1%, which is not important. 

The hydrolysis of ethyl orthoformate is so rapid that the reaction can only be followed in 
buffer solutions, for which we used half-neutralised solutions of weak acids. This introduces 
another factor, viz., the relative dissociation of the weak acid in the two media. The observed 
ratio of the two rates is given by 


Rp,o/Fuyo = (Cp,0-/Cu,o-) (RD,0° /Fx,0-) 


where Cp,o-, Cu,o- are the concentrations of the ions in the two cases, and kp,o-, ky,o- the 
specific constants for the two ions. In half-neutralised solutions of equal concentrations, the 
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ratio Cp,o-/Cu,o- = Kp/Kg, where Kp, Ky are the dissociation constants of the acid in D,O 
and in H,O. The value of &j,o-/ky,o-, Which we may call the intrinsic catalytic ratio, is 
determined directly for acetal by measurements in the dilute hydrochloric acid solutions. The 
determination of the ratio kp,o/ku,o for acetal in the buffer solutions therefore gives a measure 
of the ratio Kp/Ky. Knowing this ratio for, say, acetic acid, we can now determine the intrinsic 
ratio of ethyl orthoformate from the observed rates in this buffer solution, and when this is 
known, this substance may be employed to determine the ratio Kp/Ky of other acids. 

In preparing the buffer solutions, a fairly concentrated (1—2M) aqueous solution of the acid 
was made, and its titre against sodium hydroxide determined. The quantity of alkali required 
for half-neutralisation was then added, and the buffer solutions were made by adding such 
quantities of this solution to the two media as were required to give equal volume concentrations 
of ca. M/100. The percentage of deuterium in its oxide was thus lowered by 1—2%. The 
measurements made are summarised in following table. 


Rates of hydrolysis of acetal and of ethyl orthoformate in various buffer solutions. 
& X 108, min.-. 


Concn., ee, . 
Buffer acid. mols. /1. Ky. H,O. D,O. kyo!" u,0° Roo [Ryo °x,0° [ep ,0-- 
Acetal. 
Hydrochloric...... 0°001 — 19°0 50°5 2°66 2°66 1:0 
Om 05.85. 00858 0-01 4 x 10° 33 84 2°56 2°66 10, 
PS | boc cncncacas 0°0104 2 x 1¢e* 4°55 4°49 0°99 2°66 2°6, 
BT sorencesavicis 00096 1s x 10° 0°67 0°64 0°96 2°66 2°74 
Ethyl orthoformate. 
DOUEG oiciccocrtities 0°0096 18 x 10-5 370 280 0°74 12°05 2°7, 
Cacodylic ......... 0-0096 4 x10" 14-3 8°9 0°62 2°05 3°35 
DISCUSSION. 


In the three cases of acid hydrolysis studied, the reaction in deuterium oxide is con- 
siderably faster than that in water. The apparent activation energy of the methyl acetate 
hydrolysis is smaller in the former than in the latter by an amount which is of about the 
right order to account for the increase of rate, in agreement with Moelwyn-Hughes and 
Bonhoeffer’s results with sucrose. It is thus clear that the explanation of the difference 
of rates is to be sought in the energetic factors rather than in the steric factors concerned. 

The stages of a hydrolytic reaction catalysed by an acid AH” may be formulated as 


hy 
AH’ + S = (AH’, S) —> (A, HS’) *> X, 
| @ 
(I.) (II.) 
where S represents the reacting molecule and X the products. If the concentration of 


the complex (I) which may be supposed to be in equilibrium with the reactants is C[AH"J[S], 
the reaction rate may be written (cf. Bell, Proc. Roy. Soc., 1936, A, 154, 297) 
— dS /dt = [eghy/ (hg + .)] C[AHYS] 
When k, >k_,, — dS/dt = k,C[AH'J[S], 7.e., the proton transfer (I)>(II) is the rate- 
determining step; but if k_, > ky, 
— 4S |dt = (hykgC/k_,)[AH’][S] = (&,/K)[AH’][S) 

where K is the dissociation constant of the complex. In this case, the rate is determined 
by that of (II) -> X, and hence by the equilibrium concentration of the complex (II). 

It has been.suggested that the increased rate of hydrolytic reactions in heavy water 
is due to the greater stability of the deuterium complex, t.c., Kp<Kg. In Halpern’s theory 
(see below) this is the case when the binding energy of a proton in the complex is greater 
than that in the H,O° ion, #.e., when the complex ion has the properties of a weak acid. 
This seems to be impossible, for the addition of the ester to an acid solution would markedly 
reduce the py, and this would be observed without fail. It therefore appears that if the 
D-complex is more stable than the H-complex, it is on account of factors other than that 
suggested by Halpern. 
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Turning now to the relative dissociation constants of weak organic acids as measured 
by the reaction rates, it is clear that the ratio Ky/Kp increases as the acid becomes weaker. 
On the assumption that the energy changes of the reactions HA + H,O = H,O° + A’, 
DA + D,O = D,0° + A’, differ only by the respective zero-point energies, and the 
entropy changes are identical, Halpern (J. Chem. Physics, 1935, 3, 459) obtained the 
expression 

Ky/Kp = exp. — Fh(vW — v4 — vi + vf) /2kT, 
where vf and v¥ are the fundamental vibration frequencies of the proton and deuteron 
in H,O° and D,0", vg and vg are those for HA and HD, F is the number of degrees of 
freedom of the oscillation, and / Planck’s constant. Writing vg = V/2vp, on account of 
the difference of mass, we have 

Ky/Kp = exp. — (1 — 1/-/2)Faw® —vé)/2kT . . . . . OD) 

Since vg increases with the binding energy, v4 > vf for all acids weaker than H,O°, and 
Ky/Kp is positive and increases with increasing weakness of the acid. 

A more quantitative development of this equation can be made in the following way. 
If the binding energy of a proton is expressed by Morse’s equation 

Q = Qe eae—r) — Qerar—r0)] 


the fundamental frequency is v = a/~.(Q°/M)*, where M is the reduced mass of the 
vibrating system, and a the force constant. Let the values of these quantities for the 
systems H"-H,O and H*-A’ be ay, a4 and Qyw, Q4. Then (1) becomes 











a on iets By awn" 23 a,0%+ 
Ka/Ky = exp. — (1 — 1/2)(hF /2Tn)( ie ~ 4eh hes. @ 
The simplest relation between the dissociation constant and the energy change in the 
dissociation is Q4 — Qw = — kT log Kg, and inserting this in (2), we get 
_  bawQiy* se Mty(Qw — kT log Kel; 
log Ka/Ky = — “41 4. oF 


where b = (1 — 1/4/2)(4F/2kTx). 
Since kTlog Ky<Qy, this may be approximated to 


log Kg /Ky = — Bie — “4 4 el — oe <=) 


ad _ a, My Mpa. 
log Kg/Kp = — 1/+/2) ir! a ME l 307, 


Taking vWh/2 (the zero-point energy of the proton in H,0°) as 5-17 kg.-cals./g.-mol., and 
Q%, = 180 kg.-cals./g.-mol., and putting Mj, = M4, and F = 1, we thus obtain 
logyo(Ku/Ky) = — 2-2(1 — a4/ap) — 0-0042 (a4/aw) logyKu* . . (3) 

That is, if the force constant a, is supposed to be constant for a series of acids, the variation 
of Ky/Ky with Ky will be very small. The observed variation is of a much larger order of 
magnitude, and must be ascribed to variations of a4. The acids chosen, except formic 
and acetic, are of different types, and it would not be surprising if a, had different values. 
The following table shows the values of a4/ay required by (3) to account for the observed 
ratios. 


or 


Anion. C,0,H’. H-CO,’. CH,°CO,’.  (CH,),AsO’. 
logy, Ky/Kp 0017 0°428 0°442 0-518 
—logi» Ky t 2°9 53 6:3 81 
a,4|aw 1-01 118 1-18 1:22 
* A more exact expression, which avoids the assumption that Q4 — Qw = — AT log Ky, is 
logy (Ky/Ko) = — 2-2(1 — a,/aw) — 0- 0042(a4/aw)(Qw — Q4/2°3kT). The conclusion to be drawn 


from this is the same. 
¢ These are the true dissociation constants obtained by dividing the usual values by the molecular 


concentration of water. 
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It is thus possible, if a4 >ay, for an acid to be as strong as or stronger than H,0", while 
Ky/Kg>1. Such a circumstance would be sufficient to overcome the difficulty noted 
above, that if the greater rate of hydrolysis in deuterium oxide is due to a greater 
concentration of the complex, its dissociation constant in water must be greater than 
that in deuterium oxide, although it cannot have the properties of a weak acid. 


SUMMARY. 
1. The relative rates of hydrolysis in water and in deuterium oxide of methyl acetate, 
acetal, and ethyl orthoformate in acid solutions, and of the decomposition of diacetone 
alcohol in alkaline solutions, have been determined by micro-methods involving the viscosity 


or refractive index of the solution. 
2. The acetal and orthoformate reactions have been used to determine the ratio of the 


dissociation constants of some weak acids in the two media. This increases as the 
dissociation constant of the acid decreases. 

3. A modification of Halpern’s theory of this effect is given, from which it appears that 
the ratio is determined mainly by the force constant between the proton and the acid 
anion rather than by the strength of the bond. 

We thank the Department of Scientific and Industrial Research for a Scholarship (to J.C. H.), 
and the Moray Research Fund Committee and Messrs. Imperial Chemical Industries, Ltd., 
for grants. 
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295. The Synthesis of 3-Alkyl- and 3-Aryl-quinolines. 
By FRANK Louis WARREN. 


SKRAUP’S synthesis of quinoline (Monatsh., 1880, 1, 317) has been widely applied to the 
preparation of quinolines substituted in the benzene nucleus, and has been extended by 


Delaby and Hiron (Compt. rend., 1930, 191, 845) to include the use of aliphatic «-substituted 
glycerols. By means of the latter, mixtures of 2- and 4-substituted quinolines have been 
obtained, from which the predominating 2-compounds have been isolated. The method 
consists virtually of the reaction between an aromatic amine and a substituted acraldehyde 
generated im situ, and thus avoids difficulties due to polymerisation of the aldehydes 
(especially the a-substituted ones). The preparation of pure substituted glycerols from 
the corresponding glycerol dibromohydrin has the disadvantage of requiring the isolation 
of the diacetates and their subsequent hydrolysis (Delaby, Compt. rend., 1922, 175, 967), 
and several of the aryl derivatives of glycerol are jellies. 

The present communication describes a method for the preparation of 3-substituted 
quinolines from the readily obtainable «wy-diethyl ethers of $-substituted glycerols— 
the alkyl-substituted compounds are known to decompose on heating with oxalic acid 
into easily polymerisable acraldehydes (Sommelet, Ann. Chim. Phys., 1906, 9, 484). The 
method gives a purer product and is more easily applicable to fused-ring systems than 
that of Friedlander and Goéhring (Ber., 1883, 16, 1833). 

The conditions of the experiment are essentially those of the Skraup reaction; replace- 
ment of nitrobenzene by arsenic acid (except when the base is aniline) (Knueppel, Ber., 
1896, 29, 703), and dilution of the reactants with acetic acid (Cohn and Gustavson, J. Amer. 
Chem. Soc., 1928, 50, 2707) have been adopted in some cases. 


R-C(OH)(CH,C1), NaOEt 


[R = alkyl or aryl] a H,OEt | CHO 
(ir, oa éROH — fe —- o3; 
H,OEt CH, 


R-CO,Et Mg-Hg+CH,Cl-OEt x 

(R = alkyl) ‘ * (I.) 
The preparation of the 6-substituted glycerol ethers (I) is effected almost quantitatively 
from the wy-dichlorohydrin (II), obtained from a Grignard reagent and dichloroacetone 
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(Baeyer and Co., D.R.P. 168,941; Centr., 1906, 1, 1471), by the action of sodium ethoxide, 
although Roubel (Amnalen, Suppl., 1, 238) found that this reaction with the unsubstituted 
chlorohydrin is not complete. The alkyl compounds can be synthesised by Sommelet’s 
method (loc. c#t.). 

The constitution of the final products as 3-substituted quinolines was established by 
comparison of their m. p.’s and those of their picrates with those given in the literature ; 
but 3-ethylquinoline had to be oxidised to the carboxylic acid, since Kahn (Ber., 1885, 
18, 3371) gives the m. p. of its picrate as 163° whereas that of the specimen now obtained, 
as well as that of the substance prepared by the synthetic method of Friedlander and 
Godhring (loc. cit.), was 196°. 


EXPERIMENTAL. 


3-Ethylquinoline.—Nitrobenzene (6-0 g.; 0-5 mol.), aniline (9-3 g.; 1 mol.), B-ethylglycerol 
wy-diethyl ether (42 g.; 2-4 mols.), and concentrated sulphuric acid (25 g.; 2-5 mols.) were 
carefully mixed, and heated under reflux until reaction started. When the first violent reaction 
had subsided, the whole was boiled for 3 hours. The black solution was poured into water, 
the excess nitrobenzene and ether removed in steam, the solution made alkaline, and again 
steam-distilled. The excess aniline in the distillate was removed by diazotisation and boiling, 
the alkaline solution again steam-distilled, and the distillate extracted with ether. The ethereal 
solution, dried over potassium hydroxide, gave a colourless oil (yield 4 g., equivalent to 25% 
calc. on the aniline taken), b. p. 269° (corr.); d3° 1-0343; mp 1-5949; m, 1-5872; [Rz]p 51-60; 
[RzJ_ 51-06 {Calc. from [Rz], for quinoline (Briihl, Z. physikal. Chem., 1895, 16, 218) and 
2 x CH, (Eisenléhr, ibid., 1910, 75, 585) : 51-09, 50-58 respectively}. The picrate forms long 
yellow needles from hot, and yellow plates from cold, methyl alcohol; m. p. 196—197°, 
undepressed on admixture with an authentic specimen (see below) (Found: C, 52-8; H, 3-9. 
Calc. for C,,H,,O,N,: C, 52-8; H, 3-7%). The base was oxidised with chromic acid (Riedel, 
Ber., 1883, 16, 1613) to quinoline-3-carboxylic acid, m. p. 273-5° (Found, by titration: M, 174-5. 
Cale.: M, 173). 

This compound was also prepared from o-aminobenzaldehyde (2-2 g.; 1 mol.) in 50% alcohol 
(20 c.c.), w-butaldehyde (1-8 g.; 1-4 mols.), and 2N-sodium hydroxide (5 drops) according to 
Friedlander and Géhring (/oc. cit.). The liquid product distilled at about 250°. The picrate 
separated from methyl alcohol as long yellow needles, m. p. 196—197° (Found : C, 52-8; H, 3-8%). 

8-Phenylglycerol wy-Diethyl Ether.—wy-Dichloro-B-hydroxy-$-phenylpropane (1 mol.) in 
absolute alcohol (10 mols.) was slowly added to a solution of sodium ethoxide (2-5 mols.) in absolute 
alcohol (14 mols.), and the whole boiled under reflux for 4 hours. The separated sodium chloride 
(2 mols.) was filtered off and washed with dry ether. Most of the solvent was distilled off in a 
vacuum, and the residue, after being heated at 170° for one hour to remove the last traces of 
chloro-compounds which have nearly the same b. p. as the ethyl ether, was poured into water, 
extracted with ether, and the ethereal solution dried over sodium sulphate. §-Phenylglycerol 
ay-diethyl ether was obtained in 80% yield as a colourless mobile liquid, b. p. 155°/21 mm. 
(Found : C, 69-8; H, 8-9. C,,;H,,O, requires C, 69-6; H, 9-0%). 

3-Phenylquinoline.—Aniline (3-0 g.; 0-7 mol.), nitrobenzene (2-0 g.; 0-37 mol.), the foregoing 
ether (10 g.; 1-0 mol.), 80% acetic acid (10 c.c.), and concentrated sulphuric acid (5 g.; 1-1 mols.) 
were carefully mixed in this order and heated under reflux on an oil-bath at 130° for 2 hours. 
More sulphuric acid (5 g.) was added to the cooled solution, which was then heated at 150—160° 
for a further 4 hours. The product was worked up as before, the phenylquinoline being distilled 
off in superheated steam, in which it was slightly volatile. The product was precipitated from 
the acidified bulky distillate as the picrate, which separated from hot methyl alcohol in a jelly- 
like mass, m. p. 205° (Hiibner, Ber., 1908, 41, 482, gives 205°); yield 1-7 g., equivalent to 12% 
calculated on the amine taken (Found: C, 57-9; H, 3-4. Calc. for C,,H,,O,N,: C, 58-0; 
H, 3-3%). The base regenerated from the picrate had m. p. 52° (Hiibner, Joc. cit., gives 52°). 

3-Ethyl-a-naphthaquinoline.—a-Naphthylamine (10-0 g.; 1-0 mol.), arsenic acid (9-3 g.; 
0-5 mol.), B-ethylglycerol ay-diethyl ether (38 g.; 2-0 mols.), 80% acetic acid (15 g.), and con- 
centrated sulphuric acid (22 g.; 2-0 mols.) were mixed in this order and heated at 150° on an 
oil-bath for 5 hours. The product was poured into water and steam-distilled, and the residue 
was filtered from the dark insoluble powder, which was extracted many times with dilute acid. 
The combined acid extracts were concentrated, made alkaline, and distilled in superheated 
steam, in which the base was difficultly volatile. Attempts to precipitate the base from the 
acid extract as the dichromate (Bamberger, Ber., 1891, 24, 2474) or the picrate, or to steam-distil 
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it directly from the resinous material, were less satisfactory. The distillate (5 1.) was acidified, 
filtered from a small quantity of insoluble material, and the base precipitated as the picrate. 
This crystallised from methyl alcohol in long needles containing 1 MeOH, which was removed 
in a vacuum. The alcohol-free compound had m. p. 188°; yield 4-4 g., equivalent to 12% 
calculated on the amine taken (Found : loss in weight in a vacuum, 6-78. C,,H,,0,N,,CH;°OH 
requires CH,-OH, 6-84%. Found for residue: C, 57-9; H, 3-8. C,,H,g0,N, requires C, 57-8; 
H, 3-7%). The regenerated 3-ethyl-a-naphthaquinoline crystallised from light petroleum in almost 
cubic crystals modified by the octahedron faces (doubly refracting), m. p. 75°5° (Found : 
C, 86-9; H,-63. C,,H,,N requires C, 86-9; H, 6-3%). 


Thanks are due to Prof. A. Zaki for the facilities placed at the author’s disposal. 


EcypTiAN UNIVERSITY, ABBASSIA, CAIRO. (Received, July 25th, 1936.] 





296. The Melting Points of Long-chain Carbon Compounds. 
By A. MILLICENT KiNG and WILLIAM E. GARNER. 


THE heats of crystallisation and specific heats of the members of a number of homologous 
series, viz., the aliphatic monobasic acids, their ethyl and methy] esters, and the straight- 
chain hydrocarbons, have now been determined experimentally, and the data are of im- 
portance in that they extend our knowledge of the physical properties of the hydrocarbon 
chain and of the nature of the factors influencing the melting points of homologous series. 
The lower members of homologous series show anomalies of m. p. which frequently 
give rise to a minimum on the m. p. curve at about » = 5, and there are corresponding 
anomalies in the heats of crystallisation, etc., in this region (cf. Garner and King, J., 1931, 
578). The heats, X-ray spacings, etc., of the lower members of the series have not been 
extensively studied—only those of the monobasic aliphatic acids are in any respect com- 
plete (Gibbs, J., 1924, 125, 2622)—-so the causes of the anomalies are still somewhat obscure. 
The anomalies disappear when the hydrocarbon chain contains more than 10 carbon atoms, 
and two regularities emerge from the experimental results. First, the odd and even mem- 
bers being considered as separate series, the molar heat of crystallisation increases linearly 
with the number of methylene groups in the hydrocarbon chain, and hence the increment in 
the heat of crystallisation due to the introduction of a methylene group into the chain 
becomes constant for the higher members of any one series : this increment, however, does 
not possess the same value for all series (see table, col. 2). Secondly, the increment in the 
entropy of crystallisation per methylene group is constant for any one series; this is of 
considerable significance for the theory of melting points, and is discussed later (p. 1369). 
The entropy increments can only be determined for those forms stable at the m. p. The 
values for six series are now known and are given in the table. Five of these are illustrated 


in the figure. 
Average 
sp. heat Heat of 
Average of liquid 
Heat of Entropy sp. heat for range 
crystn. perCH, ofsolid 30° above terminal 
per CH,, group, forms, m.p., i groups, 
Series. kg.-cals. xX 10%.  cal:/g. cals. /g. kg.-cals. 
Even acids 1-03 2652 0°48 0°53 — 1°55 
Odd acids 0°97 2505 0°44 0°54 “2 — 2°56 
Even methylesters ... 1°08 2839 0°43 0°52 . — 1-98 
(T.) Hydrotarbons 1-0 0°44 0°57 18°3 
(T.) Ethyl esters 1-04 0°43 0°52 18°5 
(V.) Odd ethylesters ... 0°84 2240 0°63 0°50 — 3°90 
ane ) Even ethyl esters 0-71 1796 0-71 0°52 19°6 394-2 — 1°86 


(V.) Even hydrocar- 
1491 1-05 0°57 19-9 408-0 —0°53 


An examination of the increments per methylene group for different series (table) 
shows that the long-chain compounds may be sharply divided into two classes. There is 
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one group for which the increments both in the heats and in the entropies of crystallisation 
are the same within experimental error. This group gives specific heats for the solid in 
equilibrium with the melt which are normal in the sense that the values are lower than those 
for the liquid state (cols. 4 and 5). X-Ray analysis of the solids of this group by Miller, 
Piper, Malkin, and others has shown that the axes of the hydrocarbon chains are tilted 
with respect to the planes holding the terminal groups. The angle of tilt varies from one 
homologous series to another, but the variations do not appear to have much effect on the 
physical properties recorded in the table; ¢.g., the cross-sectional area of the chains taken at 
right angles to the axes of the chains is unaffected (col. 6). In this group, the hydrocarbon 
cheine one in the state of closest packing, possessing a cross-sectional area of 18-3—18-5 x 
10-*° cm.?. 

In the other group, which includes the hydrocarbons and ethyl esters, the values of the 
increments in the heats and entropies of crystallisation are lower, and the specific heats, 
cross-sectional areas, and coefficients of expansion are higher, than those of the first group. 
Also, the values obtained vary from one series to another. X-Ray analysis shows that in 


Entropies of crystallisation for various homologous series. 
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I. Even methy/ esters.(Tilted) 
Il. Even acids. (Tilted) 
Il. Odd acids. (Tilted) 


IV. Even ethyl esters. (Vertical) 

V. £ven hydrocarbons. (Vertical): 
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this group the chains are vertical with respect to the planes containing the terminal groups, 
and dielectric-constant and molecular-volume measurements by Buckingham (Trans. 
Faraday Soc., 1934, 30, 377) have shown that not only are these vertical chains less closely 
packed than the tilted chains, but they also possess considerably higher mobility in the solid 
state. The results obtained are in accord with the hypothesis that the vertical chains are 
oscillating or rotating about the axis of the chains. The high values obtained for the 
specific heats indicate that the energy of oscillation of the chains increases rapidly with 
increase in temperature, and this is further borne out by the high coefficients of expansion 
of the solid state. The low heat and entropies of crystallisation would be expected on this 
hypothesis, since, on account of the possession of oscillation energy, less thermal energy 
will be required to tear the chains from the surface of the solid. 

In view of the very marked differences between the physical properties of the vertical 
and the tilted forms of the hydrocarbon chain, it would appear to be advisable to classify the 
polymorphic modifications of long-chain compounds into the two main groups, tilted and 
vertical forms, and to discard the use of the terms «, 8, and y to designate these poly- 
morphic modifications. This sub-division into tilted and vertical forms has considerable 
justification in that the former give rise to alternating and the latter to non-alternating 
homologous series (Malkin, Nature, 1931, 127, 126; J., 1931, 2796). 

Theory of Melting Points.—The fact that the entropy of crystallisation increases linearly 
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with chain length is of importance for the theory of the melting points. The entropy 
increment must be associated with an increasing probability of the solid state as against 
the liquid, as the hydrocarbon chain is lengthened. Since the entropy increases by AS 
for each methylene group, the entropy of crystallisation must include the term log, w”, 
where w is the probability of some state or configuration of the methylene group and 1 is 
the number of carbon atoms in the chain. The source of this term can be traced with fair 
certainty. 

We shall consider the process of melting such as would occur at the crystal faces parallel 
to the c axis. On these faces the molecules are lying lengthwise in the surface and are each 
held to the surface by 4(m — 2) methylene groups and two terminal groups. It is possible 
to account for the nature of the entropy increment if we assume that, in the process of 
melting, these contacts are broken one at a time by rotation about the C—C linkings, and 
that the probability of the breaking of each contact obeys an equation of the type w = ke~#*", 
where q is the activation energy of the process (cf. Garner, Madden, and Rushbrooke, J., 
1926, 2494). There is only one alternative to this assumption, v7z., that all of the contacts 
are broken at one and the same time, and this seems to be a very improbable mechanism. 
It was shown in the earlier paper that the relationship governing the melting point was 


(bi) HO . (R’g/hi"s) « (R’g/R"s) fn) = HT = WT |, (I) 


where k’,, k’,, and k’, refer to the process of melting and are the frequencies with which the 
methylene and the two terminal groups receive activation energy from the solid lattice, 
and k’’,, k’’,, and k”’, refer to similar frequencies applying to the process of crystallisation ; 
g and Q are the heats of crystallisation per molecule and g.-mol. respectively, and T is the 
absolute temperature of the m. p. As the chain is lengthened, the chance of molecules 
colliding with the surface in the right place diminishes, and the function f(m) is introduced to 
take account of this. The precise nature of the function is not accurately known. It 
has been discussed elsewhere, and it was shown that it is very probably responsible for the 
minima which occur at about = 5 on the m. p. curves. 


From (1), it can be shown that the entropy increment for two methylene groups is given 


by 
Qn/Tn — Qn—2/Tn-g = R . log, k’,/R", + R. loge f(n)/f(n— 2) . ~ (2) 


and for long chains the last term can be neglected (cf. J., 1931, 578). Thus the probability 
w referred to above is k’,/k”,, where k”, is now the frequency of rotation about the C—C 
bond in the liquid state. Since k’’, is probably a constant for all homologous series, the 
variations in the entropy increment which occur are to be ascribed to different values of k’,.* 

Convergence of the Melting Points of Homologous Series.—In the consideration of this 
question, the dimensions of the terminal and the methylene groups are important. These 
will vary with the nature of the environment, and since expansion occurs on melting, they 
will, in general, be greater in the liquid than in the solid state. In the crystal, both the 
terminal and the methylene groups are compelled to take up the same area of cross-section, 
and it is unlikely that either would occupy this area exactly if effects due to the other were 
absent. Both.will be subject to some distortion either of compression or of expansion, which 
can, however, be reduced by modification of the angle of tilt of the chain. The area of cross- 
section of the methylene chains measured normally to their long axis can vary from 18-3 to 
19-9 A.” according to whether the chain is tilted or vertical. It will not, however, be possible 
by a modification of the angle of tilt to remove the distortion completely, for the localised 
forces of attraction between the methylene groups will severely restrict the possible angles 
of tilt. Thus the change in the dimensions of the terminal group which occurs on passing 
from the liquid to the solid state will vary with the length of the methylene chain, but the 


* The view put forward in our previous paper (J., 1934, 1451), viz., that the straightening of the 
hydrocarbon chain occurs in the liquid state previous to the entry of the molecule into the solid state, 
can be shown to lead to incorrect conclusions with regard to the rates of crystallisation of long-chain 
compounds, and therefore must be discarded as not in accord with the facts. Hence, it has been neces- 
sary to return to the earlier mechanism set out above. 
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dimensions of these groups should, however, approach constant values as the hydrocarbon 
chain is lengthened. 

The heats of crystallisation increase linearly with the number of methylene groups when 
there are more than 8—10 such groups in the molecule. If calculations are made of the 
contribution of the heats of crystallisation of the terminal groups to the total heat from those 
of compounds with more than 10 methylene groups, negative values are always obtained 
(see table). This shows that the interaction of the terminal groups with their environment 
in the crystal is less in the solid than in the liquid state. » Therefore, when the chain length 
exceeds n = 10, the terminal groups must be in an expanded state. 

As the chain is progressively shortened below n = 10, there is a positive departure from 
the linear relationship between Q and , the lower members giving a higher heat than 
expected. This may be taken to mean that, as the number of methylene groups is reduced, 
the interaction between the terminal groups of adjacent chains is becoming larger, and hence 
the heats of crystallisation of these groups is becoming more positive. In the case of acetic 
acid, where the restriction due to the presence of methylene groups has disappeared, the 
molar heat of crystallisation of the terminal groups is at its maximum value, viz.,Q = 2-77, 
and this is actually larger than the molar heat of crystallisation of butyric acid which 
contains two extra methylene groups, viz., 9 = 2-62. 

On account of the negative heats and entropies of crystallisation found to exist in the 
neighbourhood of the ends of the chains, there is a marked tendency for these ends to enter 
the liquid state, and this markedly reduces the m. p.’s of the lewer members of homologous 
series.* The m. p.’s rise as the chain is lengthened, because these terminal effects become 
of less importance, and ultimately, as the methylene chain becomes dominant, the m. p.’s 
approach a limiting value which is called the convergence temperature. 

The convergence of the m. p.’s of homologous series has been experimentally realised 
only with the dibasic aliphatic acids, where they converge so rapidly that by = 30 the 
m. p.’s of odd and even acids are identical to within 2—3°. From the values given in Beil- 
stein, the convergence temperature for these acids is 391° Abs., and from the results of Fair- 
weather (Phil. Mag., 1926, 1, 944) on the even members, 396° Abs. The convergence tem- 
perature is the m. p. of a very long hydrocarbon chain, so long that the effects of the terminal 
groups may be neglected, so this temperature can be calculated from the properties of the 
methylene groups, viz., 7, = AQ/AS. The values obtained in this manner are set out in 
the table for the tilted and the vertical forms. The accuracy of T, is not very high in some 
cases on account of experimental error in the determination of the heats of crystallisation. 
The most accurate values are those for the even acids (389°) and for the «-even ethyl esters 
(394-2°), and these lie very close to the experimentally determined convergence temper- 
atures for the dibasic acids, in spite of the fact that the acids possess tilted chains and the 
esters vertical chains at the m. p. 

Relative Stability of the Tilted and the Vertical Chains.—Since the convergence temper- 
atures of the vertical and the tilted forms do not differ greatly, it must be concluded that the 
two types of packing in the crystal possess very nearly equal stabilities. It can therefore 
be readily understood why the mode of packing of the hydrocarbon chains should be decided 
by the nature of the terminal groups. In the case of series where the terminal groups are 
strongly associated, ¢.g., in the acids and methy] esters, the constraint due to these groups is 
so great that the tilted forms are stable at the m. p. even up to m = 30 or 40. On the other 
hand, where there is little tendency towards association, as for the ethyl esters and hydro- 
carbons, the vertical forms are stable at the m. p. in the case of the higher members of the 
series. There is, however, a switch over to the tilted forms in the case of the ethyl esters 
when » is less than 22, due to the greater réle played by the terminal groups in the shorter- 
chain compounds. The experimental evidence so far obtained indicates that the vertical 
forms will be stable at the m. p. of compounds with very long chains, and this is supported 
by the fact that the convergence temperatures for the vertical are somewhat higher than 
those for the tilted forms (see table). 


* An exception occurs in the case of the odd dibasic aliphatic acids where the m. p. falls as the chain 
is lengthened, but there are no data on the heats of crystallisation. 
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SUMMARY. © 


The heat and entropy increments per methylene group are constant for members of 
homologous series when the number of carbon atoms in the chain exceeds 10. The poly- 
morphic modifications of long-chain compounds can be sharply divided into two classes, viz., 
those with vertical and those with tilted chains. For the former, the heat and entropy 
increments of crystallisation are small and variable from series to series, but for the latter, 
they are large and constant for all series so far investigated. The vertical forms possess 
oscillating or rotating chains, and abnormally high specific heats, coefficients of expansion, 
and cross-sectional areas of the chains in the solid state. 

The theory of the convergence of the melting points of long-chain compounds is dis- 
cussed, and the rise in the melting points with increasing chain length is ascribed to negative 
heats of crystallisation in the neighbourhood of the terminal groups. It is concluded that 
the vertical chains are more stable than the tilted chains at the melting point for com- 
pounds with very long chains. 


The authors express their thanks for a grant from Imperial Chemical Industries, Limited, 
for the purchase of chemicals. 


THE UNIVERsITY, BrRIsTOL. [Received, July 15th, 1936.) 





297. The Heats of Crystallisation of Methyl and Ethyl Esters of 
Monobasic Fatty Acids. 


By A. MILLICENT KING and WILLIAM E. GARNER. 


THE thermal properties of some of the even ethyl esters, » = 12—30, have already been 
determined (J., 1934, 1449) and we now report an investigation into the properties of some 
odd ethyl and even and odd methyl esters. Malkin (J., 1931, 2796) investigated the 


X-ray spacings of these esters, m = 14—26, at room temperature, and showed that the 


ethyl esters occur both as tilted, 67° 30’, and as 
vertical forms, and in both cases probably as 
single molecules. The tilted forms give an 
alternating and the vertical forms a non- 
alternating series, as is clear from Malkin’s X-ray 
spacings and also from our heats of crystal- 
lisation (Fig. 1). Up to = 20 or 22, the tilted 
form has the higher m. p. and hence is the stable 
form in contact with the melt, whereas the 
vertical modifications of the even ethyl esters 
are stable above m = 22. On the other hand, 
for the odd ethyl esters, m = 17 and 19, the 
vertical forms are in equilibrium with the liquid. 
Thus the switch over, in the relative stabilities 
of the vertical and the tilted modifications, 
occurs at a higher chain length for the even 
than for the odd ethyl esters. 

The forms of the methyl esters obtainable 
ae VT Aa a er at room temperature show an_ interesting 
6 7 Bb RB DM ze enomenon. The even esters give only one 

Number of C atoms in chain. or consisting of double luis with an 
angle of tilt of 63° (from solvent and from the melt), whereas the odd esters give double 
molecules with an angle of tilt of 67-5° (from solvent) and also a metastable form consisting 
of single molecules with an angle of tilt of 75° (Malkin, Joc. cit.). Our thermal measurements, 
in agreement with the X-ray measurements, show that the even methyl esters give only 
one form from the melt, and that this has the properties of a tilted form (Aggy, = 1-08 
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kg.-cals.; specific heat of solids = 0-43 cal./degree), and must be that of Malkin with an 
angle of tilt 63° and with the molecules arranged in pairs in the crystal. Only one odd 
methyl ester (C,9) has been examined, and this gives two forms, one coming out from the 
melt and passing into the second form 8° below the m. p. That stable at room temperature 
probably possesses an angle of tilt of 67-5° and may be composed of double molecules. 
The form coming out from the melt may be Malkin’s metastable form. Since, however, 
the specific heat of this form of the methyl ester is abnormally high, viz., 0-62 cal./g., it 
is probably a vertical form with the hydrocarbon chains in oscillation. 

It would be expected that the transition from the vertical to the tilted forms would 
possess very different characteristics in the case of the ethyl and methyl odd esters, since, 
according to the X-ray data, the transition for the ethyl esters occurs without any change 
in the degree of association, whereas for the methyl esters the transition is from single 
to double molecules. The heats of crystallisation and transition in the two cases, for the 
ethyl and methyl esters of the C,, acid (Table I), are, however, practically identical, and 
this fact is difficult to understand in terms of Malkin’s conclusions from the X-ray data. 
From the thermal data, it would appear that the transitions for the ethyl and methyl 
odd esters are very similar processes. 


j TABLE I. 


Heats of Crystallisation and Transition, Specific Heats, and Transition Temperatures 
of Esters. 


Heat of crystn. Sp. heats 
No. of C (kg.-cals. /g.-mol.). Heat of transtn. (cal. /g.). Transtn. 
atoms in ¢ —~ , (kg.-cals./g.-mol.) Solid. temp. 
chain. ¥" tT. at s.p. Liquid. V. T. V—+>T. Sop. 





10°63 fF 0°53 18°35° 
13°23 0°52 29°05 
15°40 0°51 . 37°78 
17°62 0°52 ‘ 45°41 
19°68 0°54 51°84 
10°24 14°87 63 0°51 . 38°64 


8°66 12°62 3°96 0°50 ‘ 0°44 18 25°15 
10°32 14°74 4°42 0°50 ‘ 0°46 27 36°05 
* V = Vertical form; T = tilted form. 
+ Garner and Rushbrooke, J., 1927, 1351. ~ Double molecules in crystal. 


A summary of the thermal properties of the esters investigated is given in Table I. 
The melting points of the even methyl esters are given by 


T = (1-083n — 4-15)/(0-002839n — 000185) . . . . . (1) 
and of the odd ethyl esters by 
T = (0-8389n — 5-58) /(0-00224n — 000904) . . . . . (2) 


and the agreement between the theoretical curves and the experimental m. p.’s is seen 
in Table II. The bearing of these results on those of other homologous series is discussed 
in the preceding paper, where the plot of the entropies of the even methyl esters is also 
given. ‘an. 
EXPERIMENTAL. 


Kahlbaum’s purest palmitic and stearic acids were used in the preparation of the 
corresponding methyl esters. The acid was esterified with sulphuric acid and methyl alcohol, 
and the ester distilled in a vacuum and recrystallised to constant m. p. from distilled methyl 
alcohol. The methyl esters of eicosoic and behenic acids were prepared from the corresponding 
ethyl esters already described (J., 1934, 1449) via the potassium salt and the acid. Ethyl 
nonadecoate was prepared by esterification of 10 g. of the acid which had been carefully purified 
by Dr. F. J. E. Collins and was kindly given to us by Professor Francis, who also supplied us 
with a pure specimen of ethyl margarate, obtained from the acid previously described (J., 1929, 
1857). Methyl nonadecoate was obtained from the ethyl ester in the manner described for 

4T 
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methyl eicosoate. The setting points of these very pure esters, together with those calculated 
for the methyl esters from equation (1) and for the odd ethyl esters from equation (2), are given 


in Table II. 
TABLE II. 


Calculated and Observed Setting Points of Esters. 


Methy] esters. Ethyl esters. 
No. of r ~ c 
C atoms S. p., S. p., S. p. S. p. 
in chain. calc. obs. T. A. Ref. calc. obs. V. 
10 251-7° 255° +. 
12 274°4 278 + 
14 290°5 291-4 + 
15 — nee 
16 302°5 302°1 _ 
17 — == — 
18 311-4 310°8 — 06 K.G. 
19 --- 311-6 * ” 
20 318°7 318°4 * — 03 K.G. 
21 — aa sini eet 
22 324°5 324°8 + 03 K.G. “= a 
K.G. = King and Garner, present research. P.M. = Phillips and Mumford (J., 1934, 1658). 
L.T. = Levene and Taylor (J. Biol. Chem., 1924, 59, 905). G.R. = Garner and Rushbrooke, Joc. cit. 


* Probably vertical form. t Indicates m. p. 








° —_— eS oe 


285°1° 285° 
299-0 298-2 8 KG. 
309°1 309°1 0 KG. 
317-0 318t +10 LT. 


3 

6 pees 

“9 G.R. 
+ K.G. 


Procedure.—The method of determining the specific heats and heats of crystallisation was 
exactly the same as that employed in work with the acids, hydrocarbons, and even ethy] esters 


Fie. 2. 




















Rise in temperature of calorimeter. 

















| 
“10° 


20 
Lnitial temperature of ester. 


(Joc. cit.), and the same calorimeter was used. Table III contains only the data essential for 
calculation of the specific heats and heats of crystallisation, but the complete experimental 
data are shown graphically in Fig. 2. As in previous work, points marked A represent 
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experiments in which the molten liquid was allowed to crystallise in the thermostat at the 
temperature of the experiment, and those marked ©, experiments in which the ester was solid 
when it was placed in the thermostat. 
TABLE III. 
Methyl palmitate (setting point = 29-05°). 
(Wt. of ester, 5-390 g.; glass, 5°835 g.; platinum, 0°1217 g.) 
Expt. Initialtemp. Fall in Rise in Expt. Initialtemp. Fallin 
No. of ester. temp. temp. No. of ester. temp. 
23°95° 617° 0°063,° 7-9 59°07° 40°94° 
4—6 36-09 18°81 0°985, 
os, = 0°4378 cal./g.; o1 = 0°5243 cal./g.; Q = 13-23 kg.-cals. /g.-mol. 


Methyl stearate (setting point}= 37-78°). 
(Wt. of ester, 5°215 g.; glass, 5-873 g.; platinum, 0°1327 g.) 


27-17 8-70 0-087, 15—17 65°57 46°88 
43°16 24-92 1-051, 


og, = 0°4317 cal./g.; of = 0°5077 cal./g.; Q = 15°40 kg.-cals. /g.-mol. 


Methyl eicosoate (setting point = 45-41°). 
(Wt. of ester, 4°770 g.; glass, 5°690 g.; platinum, 0°1324 g.) 


27°66 9°78 0-090, 14—16 76°49 58°22 
50°57 32°25 1-071, 


os, = 0°4235 cal./g.; o,= 0°5220 cal./g.; Q = 17°62 kg.-cals. /g.-mol. 


Methyl behenate (setting point = 51-84°). 
(Wt. of ester, 4-942 g.; glass, 5°698 g.; platinum, 0°1340 g.) 


34°82 17°45 0°164, 11—13 81°58 63°53 
57-62 39-41 1-190, 


os, = 0°4166 cal./g.; o, = 0°5360 cal./g.; Q = 19°68 kg.-cals. /g.-mol. 
be J 


Ethyl margarate (setting point = 25-15°). 

(Wt. of ester, 4-856 g.; glass, 5°885 g.; platinum, 0°1246 g.) 
13-07 4°25 0°041, 8—10 33°00 22°71 
18-25 7-79 0-244, 
23°91 13°72 0°329, 13—15, 30 = 54°51 44:18 

og, = 0°4433 cal./g.; ogy = 0°7645 cal./g.; of, = 0°4969 cal./g.; 
Oy = 12°62 kg.-cals./g.-mol.; Qy = 8°66 kg.-cals./g.-mol. 
Heat of transition V —+> T = 3:96 kg.-cals./g.-mol. 


Ethyl nonadecoate (setting point = 36-05°). 

(Wt. of ester, 4°871 g.; glass, 5°617 g.; platinum, 0-1340 g.) 
25°11 7°93 0-078, 7—9 41°17 23°64 
33°62 15°54 0-340, 10, 13, 14 63°77 45°11 
29-07 10-69 0-279, 

os, = 0°4648 cal./g.; og, = 0°6349 cal. /g.; a; = 0°5008 cal. /g. ; 
Qy = 14°74 kg.-cals./g.-mol.; Qy = 10°32 kg.-cals./g.-mol. 
Heat of transition V —->T = 4°42 kg.-cals. /g.-mol. 


Methyl nonadecoate (setting point = 38-64°). 

(Wt. of ester, 4-970 g.; glass, 5-575 g.; platinum, 0°1340 g.) 
29°40 11°91 0-117, 5, 6, 8 43°91 26°11 
34°41 16°66 0°372, 12, 13, 17 65°62 47°83 

os, = 0°4517 cal./g.; og, = 0°6152 cal./g.; o1 = 0°5079 cal./g.; 
Qy = 10°24 kg.-cals./g.mol.; Qy = 14°87 kg.-cals./g.-mol. 
Heat of transition V —-> T = 4°63 kg.-cals. /g.-mol. 


It will be noted that only a tilted form is obtained for the methyl even esters, although 
near the m. p. of methyl palmitate, irregular results are obtained which might have been evidence 
of a vertical form had they not been equally well explained by the slow rate of crystallisation 
of the lower esters near their m. p.’s (Fig. 2). A curious feature of methyl eicosoate is that no 
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solidification is obtained when the ester is kept for 10 hours at a temperature 14° below the m. p. 
The solid ester, kept for 4 hours at a slightly higher temperature, however, gives the normal 
heat content, showing that no melting occurs at this temperature. 

In the case of methyl behenate, the tilted form near the m. p. seems to be definitely different 
from that at room temperature, the phase change taking place at ca. 36° (* on Fig. 2). A 
similar phase change at 30° had previously been observed with ethyl behenate (Buckingham, 
Trans. Faraday Soc., 1933, 30, 377). The methyl C,, ester exists in two forms, one probably 
vertical and the other tilted, the transformation from one into the other being irreversible. 
The vertical passes into the tilted form on cooling, but the reverse change does not occur up to 
within 1° of the m. p. 

SUMMARY. 


The specific heats and heats of crystallisation of the following esters of the straight- 
chain fatty acids have been measured : methyl, C14, Cys, Cy, Cog, and Cy; ethyl, C,, and 
C49. Two equations have been derived connecting the melting points with the number 
of carbon atoms in the chain, for the methyl esters of the even series and the ethyl esters 
of the odd series, severally. 


The authors thank Imperial Chemical Industries Limited for a grant for the purchase of 
chemicals. 


THE UNIVERSITY, BRISTOL. (Received, July 15th 1936.] 





298. The Chemistry of the Alge. Part II. The Carotenoid 
Pigments of Oscillatoria Rubrescens. 


By I. M. HEILBRON and B. LYTHGOE. 


THE existence of specific phytocarotenoids in the blue-green alge (Myxophyceg@) was quali- 
tatively demonstrated by Kylin (Z. physiol. Chem., 1927, 166, 50), who, by capillary analysis 
of extracts of Calothrix scopulorum, claimed to have detected the presence of three pigments 
to which the names myxorhodin-« and -8 and kalorhodin were given. The first isolation of 
an individual polyene pigment from the Myxophyce@ was recorded by Heilbron, Lythgoe, 
and Phipers when myxoxanthin was obtained in crystalline form from Rivularia nitida 
(Nature, 1935, 186, 989). We have subsequently obtained this pigment from other members 
of the Myxophycee (unpublished work), and we conclude that it is characteristic of this 
class just as fucoxanthin is typical of the Pheophycea. 

A convenient source of myxoxanthin was found in the fresh-water species Oscillatoria 
rubrescens, occurring as a scum on one of the Hampton reservoirs of the Metropolitan Water 
Board. The carotenoid pigments were extracted from the alga by successive treatment with 
alcohol and ether. The combined extracts were saponified to remove chlorophyll, and the 
unsaponifiable fraction partitioned between light petroleum and 90% methyl alcohol. 
Chromatographic analysis of the epiphasic (light petroleum) carotenoids gave three pig- 
mented zones, from the lowest of which $-carotene was isolated. Although no crystalline 
pigment could be obtained from the narrow uppermost zone, the violet middle zone furnished 
myxoxanthin, contaminated with an unidentified colourless impurity. By repeated 
crystallisation, the m. p. was raised from 117—118° (Heilbron, Lythgoe, and Phipers, 
loc. cit.) to the constant value of 168—169°. 

Myxoxanthin has the formula CygH;,0; the oxygen atom is present as a carbonyl group 
(an oxime was prepared), which shows no tendency toenolise. Quantitative microhydrogen- 
ation indicates the presence of 12 readily reducible linkages, which must be ethenoid, since 
myxoxanthin oxime is saturated by 13 molecules of hydrogen, the absorption of one of which 
is to be ascribed to the oximino-group. It follows that myxoxanthin is monocyclic and is 
therefore to be classified with y-carotene and rubixanthin. Like y-carotene, myxoxanthin 
contains an unsubstituted B-ionone ring, since biological experiments show that it possesses 
growth-promoting properties. 

That the carbonyl group in myxoxanthin is conjugated with the polyene chain is indi- 
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cated both by the colour difference between solutions of the same concentration in light 
petroleum (yellow) and in alcohol (pink) and also by comparative spectrographic examin- 
ation of myxoxanthin and its oxime; in the latter, the optical maximum in chloroform 
is situated 100 A. nearer the violet than in the former (compare Kuhn and Brockmann, Ber., 

1933, 66, 828). 

Reduction of myxoxanthin by aluminium isopropoxide gives the alcohol myxoxanthol, 
which is spectroscopically identical with both y-carotene (I, R = H) and rubixanthin (I, 
R = OH) (see table, in which wave-lengths are in A.). Myxoxanthol therefore possesses a 
chromophoric grouping of one cyclic and ten acyclic ethenoid linkages in unbroken con- 
jugation, and consequently in myxoxanthin a carbonyl group must be situated at C,, in a 


Solvent. y-Carotene. Rubixanthin. Myxoxanthol. 


Carbon disulphide 5335, 4960, 4630 5330, 4940, 4610 5290, 4940, 4640 
Chloroform 5085, 4750, 4460 5090, 4740, 4390 5080, 4740, 4410 
Light petroleum (b. p. 70—80°) 4950, 4620, 4310 4940, 4640, 4320 4950, 4650, 4310 


y-carotene skeleton, the only possible alternative position (C,, ring A) being excluded by the 
biological activity of the pigment.* The unlocated ethenoid linkage of ree may 
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occupy one of two positions leading to two possible structures (II) and (III) for the pigment, 
either of which is compatible with its observed optical inactivity. 

A decision in favour of (III) has been reached from spectroscopic observations ; myxo- 
xanthin shows a single broad bandwith head at 4880 A. in carbon disulphide, whilst a pigment 
of structure (II) would, by analogy with other aldehydic and ketonic carotenoids having a 
carbonyl group terminating the chromophoric system (e.g., lycopenal, bixin dialdehyde, 
®-carotenone aldehyde, rhodoxanthin, capsanthin, capsorubin, and the carotenones), 
exhibit the normal triplet spectrum. Other carotenoid pigments of known constitution 
exhibiting a single-banded spectrum are astacene (IV) (Karrer and Benz, Helv. Chim. Acta, 
1934, 17, 412; Karrer and Loewe, ibid., p. 745; Karrer, Loewe, and Hiibner, zbid., 1935, 
18, 96) and euglenarhodone (V) (Tischer, Z. physiol. Chem., 1936, 239, 257). The ease with 
which by enolisation these can pass into (VI) and (VII) respectively, and the close similarity 
of the chromophores of these enolic forms to that of (III), not only show that the last- 
named accurately portrays the structure of myxoxanthin but lead to the conclusion that 
the single-banded spectrum of such pigments 1s due to the simultaneous conjugation of the polar 
carbonyl group with two sets of unsaturated linkages. 

Chromatographic analysis of the hypophasic (methyl alcohol) pigments gave two 
crystalline carotenoids, one of which has been identified as lutein. The other is a new 
pigment myxoxanthophyll, CyH;,07 (-+ 2H), m. p. 169—170°, with optical maxima at 5180, 


* The spectroscopic identity of the triol capsanthol, obtained by the action of aluminium isopropoxide 
on capsanthin (Karrer and Hiibner, Helv. Chim. Acta, 1936, 19, 474), with a-carotene likewise affords 
proof of the structure deduced for capsanthin by Zechmeister and v. Cholnoky (Amnalen, 1935, 516, 30). 
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4845, and 4500 A. in chloroform. In contrast with all known xanthophylls, myxoxantho- 
phyll is strongly levorotatory ([«],g — 255° in alcohol). From the tenacity with which it is 
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retained by adsorbents, it obviously contains a multiplicity of hydroxyl groups, while the 
absence of polar groups conjugated with the polyene system is suggested by the fact that 
alcoholic solutions are coloured only yellow to orange-red. Unfortunately, lack of material 
has precluded a detailed examination of the pigment. 


EXPERIMENTAL. 


Extraction of the Total Carotenoids of Oscillatoria rubrescens.—A mixture of the algal scum ~ 


(90 1.) and methylated spirits (90 1.; 95%) was set aside for 7 days. After removal of the 
alcohol, the dehydrated alga (dry weight 7 kg.) was extracted first with absolute methylated 
spirits (30 1.) during 3 days and thrice with ether (3 x 301.). The combined extracts were con- 
centrated to 12 1. (this and all subsequent evaporation processes being effected below 50° in an 
atmosphere of nitrogen and under reduced pressure) and saponified with aqueous potassium 
hydroxide by heating under reflux for 6 hours. The non-saponifiable fraction isolated by means 
of ether in the usual manner was partitioned between light petroleum (8 1.; b. p. 40—60°) and 
methyl alcohol (8 1. ; 90%). 
Epiphasic Pigments. 


The concentrated light petroleum solution (1000 c.c.) deposited on standing {-carotene (200 
mg.), after removal of which the filtrate was evaporated to dryness. The semi-crystalline resi- 
due was taken up in benzene (200 c.c.) and light petroleum (200 c.c.) and filtered through alu- 
minium oxide (Merck), the chromatogram being developed by washing with benzene until a 
complete separation of the three zones was effected. Elutriation of the upper violet zone with 
benzene—methy] alcohol and evaporation of the elutriate gave the pigment as an uncrystallisable 
oil with optical maxima at 4820 and 4500 A. in carbon disulphide. The lowest zone (orange) 
furnished by similar treatment a further quantity of $-carotene (750 mg.), separating from 
pyridine in plates, m. p. 182°, with optical maxima at 5140 and 4840 A. in carbon disulphide. 

Myxoxanthin.—The central zone was elutriated with benzene—methyl alcohol, and the 
elutriate washed free from methyl alcohol; the dried benzene solution was again chromato- 
graphed on aluminium oxide. After elutriation as above and removal of the solvent, the crude 
pigment was taken up in ether, and the solution diluted with methyl alcohol; on refrigeration, 
successive crops of a colourless contaminant were removed. The pigment obtained on con- 
centration of the mother-liquor, followed by further dilution with methyl alcohol, was repeatedly 
crystallised from ether—methyl alcohol and finally from pyridine-methyl alcohol, yielding pure 
myxoxanthin in deep violet prisms with a high surface lustre (orange in thin layers), m. p. 168— 
169° (Berl-block, evacuated tube). Optical maxima: 4880 in carbon disulphide, 4730 in chloro- 
form, 4700 in alcohol, 4650 A. in light petroleum (b. p. 70—80°). Myxoxanthin is readily soluble 
in chloroform, ether, and light petroleum, but only sparingly soluble in methyl alcohol. It is 
completely epiphasic on partition between light petroleum and 90% methyl alcohol; it is not 
adsorbed from light petroleum solution by calcium carbonate, but is strongly retained by both 
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calcium and magnesium hydroxides. The deep red zone formed on aluminium oxide is changed 
to a characteristic violet colour by washing with benzene. Colour reactions: chloroform and 
concentrated sulphuric acid-> deep blue; chloroform and concentrated nitric acid > 
blue > green > yellow; formic acid (90%) -> green; ether and concentrated hydrochloric 
acid, no colour change; methyl alcohol saturated with hydrogen chloride -> greenish-blue ; 
fused trichloroacetic acid -> blue; antimony trichloride in chloroform — violet (Found : 
C, 86-7, 86-8; H, 10-0, 9-9; M, 560. C,)H,;,O requires C, 87-1; H, 9-9%; M, 550). 

Microhydrogenation. 3-289 Mg. of myxoxanthin in decalin—acetic acid required 1-700 c.c. 
of hydrogen at 764-5 mm. and 18-2°, corresponding to 12-0 |-. 

Biological test. Daily doses of 10 y of myxoxanthin administered to vitamin-A-starved rats 
produced an average weight increase of 0-75 g. per rat per day. 

Oxime. A solution of myxoxanthin (50 mg.) in pyridine (50 c.c.) was heated under reflux with 
hydroxylamine (1 g.) in alcohol (40 c.c.) for 12 hours; after dilution with water, the product was 
extracted with light petroleum, and the dried solution passed through aluminium oxide. The 
chromatogram was developed with benzene (300 c.c.), and the main red zone elutriated with 
benzene—methyl alcohol. After removal of solvent, the residue was crystallised four times from 
pyridine—-methyl alcohol, from which myxoxanthin oxime (20 mg.) separated in glistening ver- 
milion plates, m. p. 195—196° (Berl-block, evacuated tube). It possesses a single broad band 
with head at 4630 A. in chloroform (Found: N, 2-4. CH,;,ON requires N, 2-5%). It is less 
soluble than myxoxanthin in ether and light petroleum, and only sparingly soluble in methyl 
alcohol; it is completely epiphasic when partitioned between light petroleum and 90% methyl 
alcohol, and is strongly retained from light petroleum solution both by calcium carbonate and 
by aluminium oxide. 

Microhydrogenation. 1-846 Mg. of the oxime in decalin—acetic acid required 1-01 c.c. of 
hydrogen at 765-7 mm. and 14-6°, corresponding to 13-2 |>. 

Myxoxanthol.—A solution of myxoxanthin (40 mg.) in benzene (20 c.c.) and isopropyl alcohol 
(40 c.c.) was heated under reflux with aluminium isopropoxide (5 g.) for 24 hours. After dilution 


’ with aqueous potassium hydroxide (200 c.c.; 10%), the pigment was extracted with ether and, 


after removal of solvent, transferred to light petroleum and adsorbed on aluminium oxide. 
The chromatogram was developed by benzene-light petroleum (single orange band), and the 
pigment removed by means of benzene—methyl alcohol. After a single crystallisation from 
pyridine—methy] alcohol, myxoxanthol (2-5 mg.) was obtained in dense, deep-red crystals, m. p. 
169—172° ; lack of material precluded further purification. In contrast with that of myxoxan- 
thin, the red band formed by myxoxanthol on aluminium oxide is not changed in colour on 
washing with benzene. Myxoxanthol is completely epiphasic on partition between light 
petroleum and 90% methyl alcohol. 
Hypophasic Pigments. 

Myxoxanthophyll.—The 90% methyl-alcoholic solution was concentrated (4 1.), and the pig- 
ments isolated by means of ether; after removal of solvent, the residue was dissolved in chloro- 
form, and the solution filtered through calcium carbonate; after development with chloroform 
(filtrate A) two zones were formed. The main salmon-pink lower zone was elutriated with 
methyl alcohol, and the residue obtained after removal of solvent taken up in pyridine and 
strongly cooled, successive crops of a colourless wax-like solid being removed. Addition of 
benzene-light petroleum to the filtrate precipitated myxoxanthophyll (36 mg.), which, after two 
crystallisations from acetone, separated in violet needles, m. p. 169—170° (Berl-block, open 
tube) (Found: C, 74-5, 74:1; H, 8-8, 9-1. C,H,,O, requires C, 74:1; H, 8-7%). Optical 
maxima: 5260, 4890, 4580 (pyridine); 5180, 4845, 4540 (chloroform); 5030, 4710, 4450 A. 
(alcohol). The pigment is readily soluble in pyridine and alcohol, moderately soluble in chloro- 
form and acetone, and insoluble in light petroleum, ether, benzene, and carbon disulphide. 
Myxoxanthophyll is completely hypophasic on partition between light petroleum and 70% 
methyl alcohol, and is strongly adsorbed by aluminium oxide, from which it cannot be wholly 
removed. Colour reactions: chloroform and concentrated sulphuric acid —> blue; chloro- 
form and concentrated nitric acid-> deep blue > green; alcohol-ether and concentrated 
hydrochloric acid, no colour; formic acid (90%) -> yellow > green on heating; fused tri- 
chloroacetic acid + blue; chloroform and antimony trichloride —> blue. 

Lutein.—The chloroform filtrate A was passed through aluminium oxide, and the chromato- 
gram developed by washing with chloroform. This consisted of a multiplicity of bands, the main 
zone being of an intense orange colour. Elutriation of this with methyl alcohol, followed by 
yepeated crystallisation of the pigment from benzene-—light petroleum, gave lutein (50 mg.), 
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m. p. 190—191°, with maxima at 5060, 4730 A. in carbon disulphide (Found : C, 84-15; H, 9-9. 
Calc. for CyH;,0, : C, 84-45; H, 9-9%). 


The authors’ thanks are due to the Department of Scientific and Industrial Research for a 
grant to one of them (B. L.), to Dr. Gardiner and Mr. James of the Metropolitan Water Board 
for facilities for collection of the alga, and to the Glaxo Laboratories Ltd. for carrying out the 
biological test. 
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299. Styrylpyrylium Salts. Part XVII. The Colour Phenomena 
Associated with 4-Phenylbenzo-B-naphthaspiropyrans and 4-Phenyl- 
aB-dinaphthaspiropyrans. 


By I. M. Hersron, D. H. Hey, and A. Lowe. 


IN previous communications (J., 1927, 1699; 1928, 2077; 1929, 936; 1931, 1336) it was 
established that benzo-$-naphthaspiropyrans (I) containing a substituent in the 3’-position, 
and di-§-naphthaspiropyrans (II) containing substituents in both the 3- and the 3’-position, 
fail to give coloured solutions when heated in a high-boiling inert solvent, thus differing 
from spiropyrans unsubstituted at these positions. Subsequently (Heilbron, Heslop, and 


R” RR’ R R’ 
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Irving, J., 1933, Pa, as a result of an examination of the effect of a phenyl group at 
position 4 in the cae -naphthaspivopyran molecule (I), it was stated that, contrary to 
previous experience, both 4-phenyl-3’-methylbenzo-$-naphthaspivopyran (1; R=H, 
R’ = Me, R” = Ph) and its 7-methoxy-derivative gave a coloration on heating in xylene 
solution. Further, it was not possible to synthesise similar phenyl derivatives of the 
di-8-naphthaspivopyran series, but a new series of «$-dinaphthaspivopyrans was prepared 
(III). 

Of the latter series, 4-phenyl- (III; R= R’ =H, R” = Ph), 4-phenyl-3-methyl- 
(III; R= Me, R’ = H, R” = Ph), 4-phenyl-3’-methyl- (III; R =H, R’ = Me, R” = 
Ph), and 4-phenyl-3 : 3’-dimethyl-«$-dinaphthaspiropyran (III; R = R’ = Me, R” = Ph) 
were stated to give coloured solutions on heating in an inert solvent. The behaviour of this 
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series of compounds thus appeared to differ from that previously encountered in the di-f- 
naphthasfiropyran series, since a coloration is developed even with both the 3- and the 
3’-position substituted. One member of the benzo-«-naphthaspiropyran series was also 
prepared, viz., 4’-phenyl-3’-methylbenzo-«-naphthaspiropyran (IV), and behaved normally 
in failing to give a coloured solution in high-boiling inert solvents. 

As was later pointed out (Heilbron, Heslop, and Howard, J., 1933, 1263), in the synthesis 
of the 4-phenyl-3’-methylbénzo-$-naphthaspiropyrans recourse was made to the Kostanecki 
reaction, the appropriate o-hydroxyacetophenone being used with propionic anhydride and 
fused sodium propionate. A detailed study of this reaction has since revealed that it 
cannot be employed as a general method for the synthesis of chromones, as was originally 
supposed, but that the product may consist of either a chromone, a coumarin, or a mixture 
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of both (Heilbron, Hey, and Lowe, J., 1934, 1311; Heilbron, Hey, and Lythgoe, ibid., 
p- 1581; this vol., p. 295). The compounds employed by Heilbron, Heslop, and Irving 
(loc. cit.) and regarded as 2-ethyl- and 7-methoxy-2-ethyl-chromone and 2-ethy]l-«-naphtha- 
y-pyrone * are in reality 3:4-dimethyl- and 7-methoxy-3 : 4-dimethyl-coumarin and 
3 : 4-dimethyl-«-naphtha-«-pyrone respectively. When treated with phenylmagnesium 
bromide, pyrylium salts are obtained which with 2-naphthol-l-aldehyde yield 
naphthavinylpyrylium salts from which isospiropyrans result on hydrolysis, vz., 
2-phenyl-3-methylbenzo-f-naphthaisospiropyran (V), its 7-methoxy-derivative, and 
2-phenyl-3-methyl-«$-dinaphthaisospiropyran (VI) respectively (cf. Heilbron and 


Howard, J., 1934, 1571). 
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In each case, the 3’-position remains unsubstituted and thus the production of coloured 
solutions in high-boiling inert solvents is in agreement with the behaviour of the normal 
spiropyrans. On the other hand, the identity of the 7-methoxy-3-methyl-2-ethylchromone 
and the 3-methyl-2-ethyl-«-naphtha-y-pyrone used by Heilbron, Heslop, and Irving (loc. 
cit.) has been confirmed (Heilbron, Hey, and Lowe, loc. cit.). 

The preparation of 2-ethyl- and 7-methoxy-2-ethyl-chromone and 2-ethyl-«-naphtha-y- 
pyrone having been effected by an unambiguous method (Heilbron, Hey, and Lowe, loc. cit.), 
these chromones are now utilised in the preparation of the normal spiropyrans substituted 
at the 3’-position. On treatment with phenylmagnesium bromide, followed by decom- 
position with hydrochloric acid, 4-phenylpyrylium salts are obtained, and condensation of 
these with 2-naphthol-l-aldehyde, followed by hydrolysis with aqueous ammonia, yields 
respectively 4-phenyl-3'-methylbenzo-B-naphtha- (1; R= H, R’ = Me, R” = Ph), 7-meth- 
oxy-4-phenyl-3'-methylbenzo-B-naphtha- and 4-phenyl-3'-methyl-«8-dinaphtha-spiropyran (III ; 
R = H, R’ = Me, R” = Ph). The first two compounds do not develop colour in boiling 
xylene, veratrole, or diphenyl ether solution. The alleged anomalies found by Heilbron, 
Heslop, and Irving (Joc. cit.) in this series of spiropyrans thus no longer exist. The third 
compound shows no coloration in boiling xylene, but a faint violet coloration is developed 
in boiling diphenyl ether solution; its behaviour therefore resembles that of 3 : 3’-tri- 
methylenedi-f$-naphthaspivopyran (Dilthey and Wiibken, Ber., 1928, 61, 963). 

The preparation of 4-phenyl-3 : 3’-dimethyl-«$-dinaphthaspivopyran (III; R= R’ = 
Me, R”’ = Ph) has also been re-examined. It was obtained from 3-methyl-2-ethyl-«- 
naphtha-y-pyrone by Heilbron, Heslop, and Irving (loc. cit.), who recorded that it passed 
into a coloured ionic form on heating. Our compound is identical with that previously 
described, but, although it gives a faint violet-blue coloration in boiling diphenyl ether 
solution, no colour is developed in boiling benzene or xylene. It thus resembles the above- 
mentioned 4-phenyl-3’-methy]-«f-dinaphthaspivopyran. The single member of the benzo- 
a-naphthaspiropyran series prepared by Heilbron, Heslop, and Irving, viz., 4’-phenyl-3’- 
methylbenzo-«-naphthaspiropyran (IV), gave no colour when heated in an inert solvent, 
but it is not yet known if members of this series, generally, behave similarly to those of the 
corresponding benzo-$-naphthasfiropyran series, since attempts to prepare 4’-phenylbenzo- 
a-naphthaspiropyran, which might be expected to give rise to colour formation, have not 
been successful. 





EXPERIMENTAL. 


4-Phenyl-3'-methylbenzo-B-naphthaspiropyran (I; R =H, R’ = Me, R” = Ph).—A concen- 
trated ethereal solution of phenylmagnesium bromide, prepared from bromobenzene (22 g.), 
magnesium (3-5 g.), and dry ether (75 c.c.), was added carefully to a boiling solution of 2-ethyl- 


* The terms naphtha-a-pyrone and naphtha-y-pyrone are now used in place of the more usual but 
incorrect naphthacoumarin and naphthachromone (cf. Robinson and Rose, J., 1933, 1469, footnote). 
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chromone (11 g.) in sodium-dried benzene (120 c.c.). After 3 hours’ heating under reflux, the 
cold red solution was treated with concentrated hydrochloric acid (60 c.c.) and saturated with 
hydrogen chloride. After standing over-night at 0°, the benzene layer was decanted and washed 
with concentrated hydrochloric acid. The total aqueous acid extract was diluted and neutralised 
with aqueous ammonia. The carbinol base thus liberated was extracted with ether and. dried. 
Evaporation of the ether left a yellow oil, which was redissolved in dry ether and saturated with 
hydrogen chloride. The 4 phenyl-2-ethylbenzopyrylium chloride separated as a deep-red viscid 
oil. A portion, dissolved in glacial acetic acid and treated with 20% perchloric acid solution, 
yielded the perchlorate, which crystallised from glacial acetic acid in yellow needles, m. p. 121— 
123° (decomp.). A solution of 2-naphthol-1l-aldehyde (4 g.) in ethyl acetate (25 c.c.) was added 
to a solution of the pyrylium chloride (5 g.) in ethyl acetate (50 c.c.), and the whole was saturated 
with dry hydrogen chloride at 0°. After standing over-night, deep red crystals of the naphtha- 
vinyl salt separated, which were collected and washed with ether. A portion treated with per- 
chloric acid, in the manner previously described, yielded the perchlorate, which separated from 
glacial acetic acid in small red needles, m. p. 236—238° (decomp.). Hydrolysis of the naphtha- 
vinylpyrylium chloride with warm aqueous ammonia gave the spiropyran as a bluish-white solid, 
which crystallised from benzene in fine white needles, m. p. 219—220° (to a colourless liquid) 
(Found: C, 86-8; H, 5-1. C,,H,.O, requires C, 86-6; H, 5-2%). Solutions of the spirvopyran 
in boiling benzene, xylene, veratrole, and diphenyl ether remained colourless. In glacial acetic 
acid solution a pink coloration developed on heating, and in trichloroacetic acid solution a deep 
crimson colour was produced. 

7-Methoxy-4-phenyl-3'-methylbenzo-B-naphthaspiropyran.—The benzopyrylium chloride was 
prepared by the method described above, the same quantity of phenylmagnesium bromide being 
used and a solution of 7-methoxy-2-ethylchromone (14 g.) in sodium-dried ‘benzene (120 c.c.). 
The crude 7-methoxy-4-phenyl-2-ethylbenzopyrylium chloride, which partly separated in small 
needles, was neutralised together with the acid washings, the resulting carbinol base being 
obtained as a yellow oil. The pyrylium chloride was obtained in greenish needles, and the 
perchlorate separated from glacial acetic acid in dark green plates, m. p. 163—165° (decomp.). 
The naphthavinylpyrylium chloride, prepared in the manner described above from 2-naphthol-1- 
aldehyde (3-5 g.) and the pyrylium chloride (5 g.) in a mixture of absolute alcohol (25 c.c.) and 
dry ethyl acetate (40 c.c.), was obtained in dark blue crystals with a bronze reflex. The per- 
chlorate separated from glacial acetic acid in deep purple needles, m. p. 287—289° (decomp.). 
The spiropyran obtained on hydrolysis of the chloride with dilute aqueous ammonia was 
repeatedly crystallised from benzene, separating in fine white needles, m. p. 256—258° (to a 
colourless liquid) (Found: C, 83-5; H, 5-3. C,gH,,O, requires C, 83-3; H, 5-3%). No colour 
was developed in solution in boiling xylene, veratrole, or diphenyl ether. In glacial acetic acid 
solution a pink coloration was developed on warming; and a red solution was obtained in 
trichloroacetic acid. 

4-Phenyl-3'-methyl-aB-dinaphthaspiropyran (III; R=H, R’ = Me, R” = Ph).—The 4- 
pheny]-2-ethyl-«-naphthapyrylium chloride was obtained in yellow needles in the usual manner 
from the interaction of phenylmagnesium bromide, prepared from bromobenzene (18 g.), 
magnesium (2-7 g.), and dry ether (75 c.c.), and 2-ethyl-«-naphtha-y-pyrone (8 g.) in dry benzene 
(75 c.c.). To the pyrylium chloride, dissolved in a mixture of dry ethyl acetate (75 c.c.) and 
absolute alcohol (25 c.c.), was added a solution of 2-naphthol-l-aldehyde (6 g.) in ethyl acetate, 
and the mixture, saturated with hydrogen chloride at 0°, was kept at that temperature for two 
days. The deep violet-red solution was partially evaporated at room temperature under 
reduced pressure, poured into water, and made alkaline with aqueous ammonia. The crude 
spiropyran (12 g.) which separated was purified by crystallisation from acetone—absolute alcohol. 
It crystallised in very pale yellow leaflets, m. p. 207—208° (Found : C, 87-6; H, 5-2. C,,H,,O, 
requires C, 87-7; H, 5-0%). No coloration was developed in boiling xylene, but a pale violet 
coloration was produced in boiling diphenyl ether solution. In trichloroacetic acid solution a 
deep purple colour was produced. 

4-Phenyl-3 : 3'-dimethyl-aB-dinaphthaspiropyran (III; R = R’ = Me, R” = Ph).—The pre- 
paration of this spiropyran was carried out in the usual manner from 4-phenyl-3-methyl-2- 
ethyl-«-naphthapyrylium chloride (8 g.), but in the condensation with 2-naphthol-l-aldehyde 
(5 g.) a mixture of absolute alcohol (50 c.c.) and dry ethyl acetate (100 c.c.) was used as solvent 
and the condensation was effected at 0° (cf. Heilbron, Heslop, and Irving, Joc. cit., p. 434). The 
naphthavinylpyrylium chloride separated in blue needles with a bronze reflex. The pure 
spiropyran crystallised from acetone-ethyl alcohol in fine colourless needles, m. p. 181—182° 
(to a blue liquid) (Found: C, 87-8; H, 5-1. Calc, for C,,H,,O,: C, 87-6; H, 53%). No 
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coloration was developed on boiling in benzene or xylene solution, but in boiling diphenyl ether 
a pale violet-blue colour was produced. An intense blue-green coloration was developed. in 


trichloroacetic acid solution. 

Attempts to obtain 4’-phenylbenzo-«-naphthaspiropyran from 4-phenyl-2-methyl-«-naphtha- 
pyrylium chloride and salicylaldehyde were unsuccessful under a variety of experimental 
conditions of temperature and solvent (cf. Heilbron, Heslop, and Irving, loc. cit.). 


The authors thank Imperial Chemical Industries, Ltd. (Dyestuffs Group) for a scholarship 
to one of them (A. L.). 
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300. Evidence of Wave-mechanical Resonance in the Carboxylic 
Ester and the Lactone Group, from Electric Dipole Moments. 


By Ratpy J. B. MARSDEN and L. E. Sutton. 


FEw groups of compounds have been more assiduously and systematically investigated than 
the carboxylic esters. The main results of the electric dipole moment measurements made 
upon them are summarised below: Table I gives the moments for most of the mono-esters, 
R,*CO,Rg, and Table II shows the effect of temperature upon the moments of a few of them. 
(All values are in Debye units, D, 1.¢., e.s.u. X 10-48, here and throughout.) In Table I the 
italicised figures are the results of vapour-phase measurements ; the others relate to solutions 
in benzene (this being the most commonly used solvent) uncorrected for atom polarisation in 
order that they may be comparable. The values are weighted means of those given in the 
“‘ Table of Dipole Moments ”’ (Sidgwick et al., Trans. Faraday Soc., 1934, 30, Appendix). 
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Eucken and Meyer (Physikal. Z., 1929, 30, 397) remarked that the magnitudes of the 
ester moments show that the average configuration of the group is nearer (I) than (II). 
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Using the scanty data then available, they calculated the moments of these two configur- 
ations to be 1-1 and 3-4 respectively. The calculation may be performed very simply, with- 
out the preliminary analysis into bond moments, which these authors used, for, provided 
that no interaction occurs between the ether and the carbonyl groups, the moment of, say, 
methyl acetate is the resultant of those of dimethyl ether and of acetone at an angle ¢ 
determined by the configuration (see III). As may readily be seen, ¢ is 180° for configuration 
(I) and 180° — 2 (180° — 125-25°) = 70-5° for configuration (II), the van’t Hoff model for 
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the carbon and oxygen atoms being assumed (cf. Sutton and Brockway, J. Amer. Chem. Soc., 
1935, 57, 473). Since ¢is greater in the former than in the latter configuration, these may 
be called the ¢vans- and the cis-configuration respectively. Now, the moments of dimethyl 
ether and acetone being 1-32 and 2-85 respectively in the vapour phase (see ‘‘ Table of Dipole 
Moments,”’ loc. cit.), the moments of the two configurations are 1-53 and 3-53. The actual 
value is 1-67, and therefore the actual configuration almost certainly approximates to the 
trans-one. 

Strictly speaking, however, this proof of configuration is imperfect, for it is not incon- 
ceivable, although unlikely, that some interaction might considerably reduce the moment 
of the cis-configuration. The proof would be complete if it could be shown that a compound 
in which the ester group is known from other considerations to be fixed in the cis-position 
actually has a moment of 3—4. y-Lactones are such compounds, for it is known that they 
have a five-membered ring structure which provides the required constraint. The moment 
of y-butyrolactone was therefore measured: it is 4-12, 1.e., even larger than the upper 
calculated value, and thus it confirms Eucken and Meyer’s conclusion. The approximate 
configuration having thus been finally settled, the question of the exact configuration may 
now be discussed. 

Zahn (Physikal. Z., 1932, 33, 730) has shown convincingly that the moments of several 
carboxylic esters are independent of temperature over ranges of 140—190° and at temper- 
atures up to 243° (see Table II), and therefore that the molecules do not rotate appreciably 
from out of a fixed configuration, which we now know definitely to be oe trans-configur- 
ation. Our next task is to explain this fact. 


TABLE II. 


Substance. Temp. range, ° Abs. Mean moment. R.m.s. deviation. 
Ethyl formate 292°4—-434°5° 1-92 0-012 
Amyl formate 375°8—516°4 1-90 0-0009 | 
Methyl acetate * eves 327°3—516°4 1°67 0-013 
Ethyl acetate 302°2—466°6 1:76 0-000 
Amy] acetate * 376-0—516°8 1-70 0°015 


* These substances showed slightly lowered moments at the higher temperatures, which was ascribed 
by Zahn to association at lower temperatures. 


Meyer (Z. phystkal. Chem., 1930, B, 8, 27) calculated that the electrostatic forces between 
the carbonyl and the hydroxyl bond moments would suffice to lock the carboxylic acid 
group rigidly at all ordinary temperatures, and since the moment of the methoxyl group is 
not greatly different from that of hydroxy] (about 1-61 and 1-51 respectively, angles of 110° 
and 105° being assumed in dimethyl] ether and water respectively), the same should be true 
of the ester group. Sturtevant (J. Amer. Chem. Soc., 1933, 55, 4478), treating the problem 
more exactly, and also using different assumptions in locating the bond dipole, concluded 
that locking would not be complete. Zahn (Trans. Faraday Soc., 1934, 30, 804) and 
Sutton (tbid., p. 789; in this paper the terms cis- and ¢rans- were used in the opposite, less 
logical sense) therefore suggested that the rigidity is due to wave-mechanical resonance of 
the classical structure (IV) with an excited one (V), for then the C—O bond in the actual 
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‘““mesomeric ”’ molecule would have in part the character of a double bond, and rotation 

about it as an axis would consequently be restricted. This conception is discussed more 

quantitatively on p. 1387; at this stage it may be left as a qualitative idea. Such an effect 

would only make the molecule tend to assume either the cis- or the ¢rans-position, not 

favouring either, but there is no doubt that, even if the electrostatic forces are not the 

major cause of the fixation, they are nevertheless considerable, and would make the trans- 

configuration considerably the more stable of the two which the resonance effect would 

allow. The possible energy relations are shown diagrammatically in Fig. 1.* The actual 

* To illustrate this point the curves V = acos ¢ + 6 sin (2¢ — 90°) + 5, with a and 5, 5, 0; 4, 1; 
4,1; 3,2; 2,3; 1,4; and 0, 5 have arbitrarily been used. 


(V.) 





~~ w= Ovr™s &- ew és 


Wave-mechanical Resonance in the Carboxylic Ester, etc. 1385 


curve would be a combination of the electrostatic curve, 1, and the resonance one, 6: 
various possibilities, corresponding to different degrees of relative importance, are depicted. 
The configurations are characterised by &, the angle between the projections of the C—O and 
the O—C bond moments on a plane perpendicular to the C—O axis of rotation. 

It is obviously desirable to obtain further evidence to prove or disprove this hypothesis, 
and in view of the uncertainties in such calculations as those made by Meyer and Sturtevant, 
it seemed advisable to employ a fresh 
method of attack. 

Inspection of a space model of the 
classical formula of an e-lactone shows that 
the lactonic ester group is no longer con- 
strained in the cis-configuration by the ring 
but is free to rotate some way round to- 
wards the ¢rans-configuration. The seven- 
membered ring may exist in either of two 
forms related respectively to the cradle 
and chair (or C and Z) forms of a non- 
planar six-membered ring : both, however, 
are flexible. By rotation alone about single ¢ 1 ; 1 
bonds, the C-form permits the lactone group g ad e ” val 
to rotate through approximately 80—85° ° 
either way from the cis- towards the érans-configuration : in the Z-form it may rotate 
through approximately 105° either way (see Fig. 2). Rotation beyond these respective 
limits would bend valencies and would therefore bring in another kind of potential energy. 

Thus, in order to obtain the complete potential energy—configuration curve for an «- 
lactone, a curve to represent this bending energy, having zero values within the region 
—<90° or >270° but considerable values within the region 90—270°, would have to be 
superimposed upon the curves in Fig. 1, with the possible results shown in Fig. 3.* Curve 
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I shows minima at the equivalent configurations § = 90—135° and & = 225—270°. The 
calculated value of the moment for the 90° configuration is 2-7, and therefore, if Curve I 
were qualitatively correct, 7.¢., if there were only electrostatic and valency bending energies 
to be considered, the observed moment should be 2-7 or less. If, however, torsional energies 
have to be included as a result of the resonance or mesomerism suggested, then the actual 
relation would be that represented by one of the curves 2, 3, 4, 5, and 6, according to the 
relative importance of this third energy. As this increases, the minima at § = 90—135° 
and 225—270° disappear, while one at the cis-configuration (€ = 0°) appears, and therefore 
the observed moment would approach the value of 4-1 found for the y-lactone. 

It must be pointed out that there are other possible sources of configurational energy in 
such a molecule, and for the sake of completeness these should be taken into account. 

* These are obtained by adding half of the parabola V = a (€ — 90°)? and half of V = a(270° — &)?, 
(a = 1/400), to the curves in Fig. 1. 
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They arise from the repulsions between atoms less than about 3-5 A. apart, and from the 
‘‘ dispersion force ’’ attractions between atoms more than this distance apart (Eyring, 
J. Amer. Chem. Soc., 1932, 54, 3191; Teller and Weigert, Nach. Ges. Wiss. Géttingen, 1933, 
218; Eucken and Weigert, Z. physikal. Chem., 1933, B, 23, 265; London, Z. Physik, 1930, 
63, 243; Z. physikal. Chem., 1930, B, 11, 222). The former forces occur between atoms 
which are bonded to adjacent ring atoms, and which may therefore be themselves either 
members of the ring or atoms attached thereto. Consequently, rotation about the bonds 
in the ring would be partly restricted, as it is about the central bond in ethane. The depth 
of the potential-energy trough in ethane is about 380 cals./g.-mol. and the values in the more 
complex cases which we are considering would probably be of the same order; the rotation 
about the carbon-oxygen links would, however, be less restricted because oxygen has a 
smaller valency. It would therefore appear that the maximum energy restricting free 
flexing might be as much as 2,000 cals./g.-mol. Examination of a space model shows, 
however, that this would not actually be so. In either the C- or the Z-form the ring has the 
same shape (provided that no differentiation be made between oxygen and carbon atoms) 
in the cis-configurations and in those nearest to the ¢rans-configurations, as shown in Fig. 4. 
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This happens also at various intermediate configurations. Now, were it a cycloheptane 
ring, these would all be configurations of equal repulsion energy ; it actually differs from this 
only by the nature of two of the seven atoms, and so, although there are variations in re- 
pulsion energy, they are small. They may be very roughly assessed by estimating the 
repulsion energies about each bond, counting them as maximum, minimum, or intermediate, 
and summing them all. Then, taking the maximum repulsion energy about one bond as a 
unit, it is found that the differences in energy between the extremes allowed by valency 
rigidity are not more than about one unit, z.e., 400 cals. /g.-mol. 

It is even less easy to estimate how the dispersion force energy would vary with con- 
figuration, but, unless groups attached to the ring may complicate the question, differences 
could only arise from variations of the distance between the carbonyl oxygen and four of the 
ring atoms. For such light atoms no energy differences greater than about 300 cals. /g.-mol. 
would be anticipated. 

The e-lactone most readily available appeared to be @¢-dimethyl-e-octolactone (VI) 
(Baeyer and Seuffert, Ber., 1899, 32, 3622; Baeyer and Villiger, ibid., p. 3625), and accord- 

ingly this substance was made and examined. The electric 

CH HMe—CH,—CO dipole moment is 4-33, 4.¢e., not less, but 0-21 more than the 

H,-CH(CHMe,) moment of y-butyrolactone, and it is therefore clear that the 

s VL) molecule is rigidly held in the czs-configuration; from the fore- 

se. going arguments it follows that the only torsional energy which 

would be of the right kind or magnitude to do this is that arising from resonance or 

mesomerism. We may therefore conclude that the fixation in both esters and lactones 
is caused mainly by this phenomenon. 
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Resonance cum mesomerism may cause the magnitude and direction of the moment of a 
molecule to be abnormal (Sutton, Joc. cit.), and so it would be expected that this would occur 
in the esters and lactones. The calculated moments for the ¢vans- and the cis-configur- 
ation are 1-53 and 3-53 respectively (see p. 1384), whereas the actual values are 1-7—1-9 and 
4-2 respectively ; the numerical abnormalities are therefore 0-17—0-37 and 0-69 for the two 
groups. Thus there is indeed a perceptible, though small, abnormality for the ester group, 
and a considerable one for the lactone group. The actual mesomeric moments are prob- 
ably larger than these values for two reasons. (i) Because the effect of mutual induction 
between the carbonyl and the ether group, which has not been taken into account, would be 
to reduce the calculated moments and so to increase the above differences ; no quantitative 
allowance can be made for this, because the groups are so near, but it may be seen that it 
would be greater for the ester than the lactone. (ii) Because the direction of the mesomeric 
moment, involving as it does the transference of part of an electronic charge from the 
ethereal to the carbonyl oxygen, is not collinear with the total moment of either group. 
This would affect the mesomeric moment calculated for the lactone more than that for the 
esters.* On the basis of the bond lengths and angle specified in the footnote, the oxygen 
atoms would be 2-33 A. apart, and the moment due to a complete transference of an electron 
from one to the other would be 2-3 x 4-77 = 11-04.t The moment, p, of the actual mole- 
cule would be the resultant of three (one for each spatial co-ordinate), each given by an 


expression 
Yr = ye + Og ge + 2eryry fy uypy. dr 


(a1, oy, u, referring to the first, or ordinary structure, and ag, x, U2 to the second, the excited, 
highly polar structure), in which the third, or cross term is probably less important than the 
sum of the other two (Sutton, Trans. Faraday Soc., 1934, 30, 789) and may, to a first approx- 
imation, be neglected. Hence, from » — p, and py, — p, it is possible to calculate a rough 
value of «,”/(«,? + ‘«,”) = a2, 7.¢., of the fractional importance of the excited structure in the 
molecule. In the present case this fraction is 0-94/11-04 1/12. This means that 
the structure (V) is only about one-eleventh as important as the classical structure in the 
make-up of the molecule, and hence it is of the same order of importance as are similar 
excited structures in monosubstituted benzene derivatives (Sutton, loc. cit.). It may 
be noted that the resonance energy in the ester group,} which is 17—28 kg.-cals./g.- mol., 
is also of the same order as those found in benzene derivatives, which vary from 5 to 12 
kg.-cals./g.-mol. It is reasonable to assume that, if the excited structure is one-twelfth 
of the actual molecule, the energy necessary to rotate the two halves of the group from the 
trans- or the czs-configuration to half-way between them (apart from that necessary to over- 
come the electrostatic forces) is at least one-twelfth of that necessary to twist a pure double 
bond. Unfortunately, there are no data which show exactly what the latter is, but there 
are two ways of getting some idea of it. (i) Warburg’s (Ber. Berl. Akad., 1919, 960) on the 
interconversion of fumaric and maleic acids by ultra-violet light showed that the quantum 
necessary was not more than 95 kg.-cals./g.-mol. (corresponding to 4 = 300 my). (ii) By 
assuming that a double bond twisted 90° from a resting position is in effect only a single 
bond, we may conclude that the energy necessary to do this would be the difference of their 
heats of formation, which from Pauling and Sherman’s values (J. Chem. Physics, 1933, 1, 
606) for C—C and C—C is 67 kg.-cals./g.-mol., or for C—O and C—O is 91 kg.-cals. /g.-mol. 
Since these two different methods give results of the same order of magnitude, it is reason- 
ably certain that they give the order of the correct result. The twisting energy in the 

* Taking the C—O and the C—O distance as 2°60 A. and 1°30 A. (to allow for some shortening, see 
Pauling, Proc. Nat. Acad. Sci., 1932, 18, 293; 1934, 20, 336) and the angle O—C—O as 125°, and using 
the moments already quoted, the corrected mesomeric moment for the lactone group is found to be 
0°94, 

Tt Since the actual moments of co-ordinate links, 2‘5—4, are invariably much less than the values of 
7—10 calculated in such a manner, the values taken for », may be too great, and the calculated value of 


a,* too small. 

¢ The resonance energy .n lactones cannot be calculated with any accuracy from existing data, for 
no simple, uncomplicated lactones have had their heats of combustion determined. What data there 
are, however, indicate that it is at least as great as that in the esters. 
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actual molecule would therefore be about 5-5—7-5 kg.-cals./g.-mol., a result which is of 
the right order to explain the observed fixation. It must be emphasised that this figure was 
obtained through a considerable approximation and an ad hoc assumption, but it is probably 
of sufficient significance to show that the various data are consistent. Since it is less than 
the resonance energy (17—28 kg.-cals. /g.-mol.), the perturbation which could be caused by 
even a considerable twist would not suffice to reduce the coefficient of the excited structure 
to zero,although it would cause some reduction and the twisting strain energy would thereby 
be reduced (cf. Sutton and Pauling, Trans. Faraday Soc., 1935, 31, 939). 

In view of the foregoing conclusions, Wolf and Gross’s suggestion (Z. physikal. Chem., 
1931, B, 14, 305) that the variations in moment of the aliphatic esters are due to variations 
of orientation of the group must be regarded as improbable, especially as the increase with 
temperature of the moments of sec.- and ¢ert.-alcohol esters, which was anticipated from this 
idea, has not been demonstrated. Instead, it may be suggested that the variations (which 
are shown both by vapour-phase and by solution moments) are due to simple electrostatic 
induction, to change in the relative importance of the excited form, or to both of these 
causes. The variations in moment of the aromatic esters would, similarly, be due to these 
causes and also to the existence of excited structures involving the benzene ring, or rings. 
As Robinson (Rapp. Inst. Intern. Chim. Solvay, 1931, 423) and Ingold (Chem. Reviews, 1934, 
15, 225) have pointed out, the ester group should have a dual character; in benzoic esters 
(R, = Ph) it should be m-directing, but in phenolic esters (R, = Ph) it should be of- 
directing : either type of behaviour should be less marked than for the carbonyl or the 
ether group alone, owing to the interaction within the group itself. Now, the facts are 
that the moments of methy] esters of aliphatic acids vary from 1-68 to 1- 78 in benzene solu- 
tion, whereas that of methyl benzoate is 1-91. This, and the moment of methy] #-toluate, 
2-12, show that the moment of the carbomethoxy-group is negative relative to the benzene 
ring (Sutton, Joc. cit.), and hence the algebraic difference Usrom.— Hatipn- IS — 0-13. Owing 
to the asymmetric nature of the group, this is not the vector difference ; a rough calculation 
gives this as — 0-2. The negative interaction moment is qualitatively what would be pre- 
dicted for such a m-orienting group, and it is, moreover, satisfactory that it should be 
numerically less than that of — 1-05 estimated for benzaldehyde. The moment of ethyl 
cinnamate, 2-14, indicates an interaction moment of ca. — 0-4 in this compound. The 
moment of phenyl acetate, however, is anomalous, inasmuch as it is only 1-59, 7.e., less than 
that of methyl acetate, whereas the anticipated positive interaction moment with the 
benzene ring on the oxygen atom would be roughly parallel to the negative one in methyl 
benzoate, and should similarly increase the total moment. The decrease is not due to the 
greater polarisability of the alcohol group, because the moments of sec.- and #ert.-esters 
are greater, not smaller, than those of methyl esters. The moment of phenyl benzoate, 
1-91, differs more from that of phenyl acetate, 1-59, than does that of methyl benzoate, 
1-91, from those of the methyl esters of aliphatic acids, 1-68 — 1-78: this indicates that the 
carbonyl group acts more independently of the ether group in this compound. With one 
exception, therefore, these results are in accord with the predictions of theories based on 
chemical evidence. 

The heats of formation of some of these esters afford further evidence of interaction be- 
tween the group and the benzene ring. For instance, in methyl benzoate, methyl cinna- 
mate, and phenyl benzoate there is an excess of about 7—8-5 kg.-cals./g.-mol. over the 
resonance energy of the aliphatic ester group plus that in the benzene ring, or rings (1-62 
v.-e. = 37-35 kg.-cals./g.-mol.). Phenyl acetate has not been measured, but vinyl acetate 
shows a similar excess of 7-4 kg.-cals./g.-mol. and eugenol acetate, compared with m-tolyl 
methyl ether, an extremely large one of 33-8 kg.-cals. /g.-mol. 

In conclusion, a résumé of what can be said about the configuration of the nitrous esters 
may be given. Values of the moments for the ¢rans- and cis-configurations may be calcu- 
lated roughly from the moments of 2-nitroso-2 : 5-dimethylhexane, 2-51, and of dimethyl 
ether, 1-32, it being assumed that the moment of the O—N bond is the sum of those of the 
O—R and R—N bonds, and that the moment of the nitroso-compound acts at an angle of 
148° relative to the R—N bond (Hammick, New, and Sutton, J., 1931, 742). They are 
1-39 and 2-77 respectively. The observed moments of ethyl and propyl nitrites in benzene 
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solution are 2-20 and 2-28 respectively, 7.¢., they are not close to either value but somewhat 
nearer that for the cis-configuration. If, in order to improve the calculation, the moment 
of the nitroso-compound be corrected for solvent effect, by applying the same factor as that 
found for nitromethane, the calculated moments for the ¢vans- and the cis-state become 
1-70 and 3-06 respectively. The moment found for ethyl nitrite in the vapour phase, 2-38 
(Czerlinsky, Z. Physik, 1934, 88, 515), falls midway between these values. At present, 
therefore, the dipole moments do not establish the configuration of the nitrous esters. It is 
probable that the molecule actually is fixed in the ¢rans-position, but that the excited struc- 
ture is so important that it increases the moment of the molecule to the large, observed 
value. The interaction moment in p-nitrosophenol, which should be comparable, is about 
1-12. This hypothesis might be tested by investigating the temperature sensitivity of the 
moment. Stuart and Volkmann (Amn. Physik, 1933, 18, 121) attempted to determine the 
configuration from the Kerr effect, but since they assumed that the single and double bonds 
of the nitrogen atom are collinear, which is now known definitely not to be the case 
(Hammick, New, and Sutton, Joc. cit.), their conclusions need revision. 


EXPERIMENTAL. 
Preparation and Purification of Materials.—Benzene was purified as described by us (this vol., 
. 604). 

. y-Butyrolactone. This was prepared by the method of Boorman and Linstead (J., 1933, 578) 
from trimethylene chlorohydrin (‘‘ Organic Syntheses,” Vol. 8, 112). The distilled product 
(b. p. 88-5—90-5°/20 mm.) was redistilled shortly before being used for dipole-moment measure- 
ments; b. p. 84—86°/12 mm. (Boorman and Linstead, Joc. cit., give 83-5°/12 mm.). The sub- 
stance was recovered from each benzene solution after measurement, and since any water would 
distil off with the benzene, it was thus kept dry. 

6C-Dimethyl-e-octolactone (V1). 38 C.c. of /-menthone (b. p. 210—212°), obtained by the oxid- 
ation of /-menthol, m. p. 46°, [«]p = — 50-55°, by potassium dichromate and sulphuric acid 
(Beckmann, Annalen, 1899, 250, 325), were dissolved in ligroin (b. p. 60—80°) and treated with 
a cold, filtered solution of 200 g. of potassium persulphate, 94 c.c. of water, and 278 c.c. of con- 
centrated sulphuric acid. The mixture was stirred vigorously and kept cooled below 15° (cf. 
Ruzicka and Stoll, Helv. Chim. Acta, 1928, 11, 1159; Baeyer and Villiger, Joc. cit.). The mixture 
was poured on ice, extracted with ether, and the ether—ligroin layer washed thrice with sodium 
carbonate solution and then with water, dried over anhydrous magnesium sulphate, the solvent 
evaporated off, and the residue distilled under reduced pressure, giving fractions : (i) below 140°; 
(ii) 140—149°; (iii) 149—157°/30 mm. Fraction (iii) solidified immediately on cooling in ice 
and salt, and stirring; fraction (ii) solidified on cooling and “seeding ”’ but largely re-melted on 
warming. The preparation was repeated thrice, and the products which solidified in ice-water 
were combined and filtered free from oil; yield 8-5 g. Recrystallisation of this product from 
slightly aqueous methyl] alcohol failed to give a product melting above 36—36-5° (Baeyer and 
Villiger, Joc. cit., give 46—48°; Baeyer and Seuffert report two modifications, m. p.’s 8—10° 
and 47°), which was very hygroscopic. The material, together with that recovered from the 
mother-liquors, was twice redistilled in a vacuum, and the main fraction obtained crystallised at 
once in the receiver as long white hygroscopic needles. Just before use, this was dissolved in a 
little pure benzene, the benzene and traces of water distilled off, and the residue again fraction- 
ated in a vacuum, the fraction, b. p. 142—145°/18—20 mm., being used; yield 45g. This also 
was recovered from each solution after measurement. 

Determination of Electric Dipole Moments.—The measurements were made in benzene solution 
at 25-0°, as before described (e.g., Marsden and Sutton, /oc. cit.), and the same values were taken 
for the constants used. The densities denoted by asterisks are corrected values from the mean 
density-—/, curve. 


he a. e. mn, Py pPs & ad. e. n?, Py xP» 
y-Butyrolactone. Bl-Dimethyi-e-octolactone. 


_ 0:00000 0°8738 2°2727 2°2571 — ~_- 

0°01355 0°8765 2°6325 2°2548 416°2 48-9 
002139 0°8780 2°8468 2°2524 4062 48-1 
002577 0°8788, 2°9596 2°2521 396°9 48-4 


000000 0°8734 2°2727 2°2571 — 
0°01312 0°8766 2°5872 2°2562 349°1 20 
0°01560, 0°8772 2°6475 2°2563 345°3 21° 
0°02750 0°8802* 2°9297 2°2544 3244 20 
0°03065 0°8810* 3°0011 2°2538 3184 20: 
@P, = 373 + 4c.c.; BP, = 211 c.c.; @P, = 4387 + 5c.c.; GP, = 485 c.c.; 
pw = 4:12. p = 4°33. 
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SUMMARY. 


(1) The calculated moments (in Debye units) for the two extreme possible configur- 
ations of the carboxylic ester group are 1-53 for the trans- (alkyl groups as far apart 
as possible) and 3-53 for the cis- (alkyl groups as near as possible). From these values, 
and the facts that the moment of y-butyrolactone is 4-12, and that the lactone has the cis- 
configuration, it is now proven that the esters must have the ¢rans-configuration. 

(2) If the very definite trans-fixation observed in esters were due to electrostatic forces 
alone, the moment of an e-lactone should be approximately 2-7; if, however, it were due 
mainly to stiffening produced by resonance with another structure, the moment should 
be at least equal to that of ay-lactone. That of 6¢-dimethyl-e-octolactone is slightly larger, 
4-33, and thus supports the latter explanation. 

(3) The evidence which the moments of the phenolic and benzoic esters afford of reson- 
ance interaction with the benzene ring is discussed, and shown to support the predictions of 
the Robinson-Ingold theories. 

(4) The configuration of the nitrous esters is discussed. The available experimental 
evidence is not decisive. 


The authors thank Professor N. V. Sidgwick for his interest and advice, and Imperial Chemical 
Industries, Ltd., for a grant covering the cost of apparatus and materials. 
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301. The Determination of Sodium and Potassium in Insoluble 
Stlicates. 


By CHRISTINA C. MILLER and FLORENCE TRAVES. 


WHEN a silicate containing sodium and potassium oxides is decomposed according to the 
standard procedure of Lawrence Smith, and the cold sintered mass is extracted with water, 
the solution ordinarily contains, in addition to the chlorides of sodium and potassium, a 
large excess of calcium as chloride and hydroxide, and a little sulphate. Potassium has 
been determined in such a solution, without removal of calcium and sulphate (U.S. Geol. 
Surv. Bull. No. 700, p. 215), but, as a knowledge of the amounts of both of the alkali con- 
stituents is usually required, it is customary to separate and weigh the alkali chlorides, and 
then determine potassium directly, and sodium by difference. In view of the methods now 
available for separating sodium as complex triple acetates (see, e.g., Mitchell and Ward, 
“* Modern Methods in Quantitative Analysis,’”’ 1932, p. 130), one may, however, avoid not 
only its indirect determination, but also the preliminary removal of radicals such as calcium 
and sulphate. For instance, Caley and Foulk (J. Amer. Chem. Soc., 1929, 51, 1664) used 
sodium magnesium uranyl acetate for this purpose, and Guthrie and Miller (Min. Mag., 
1933, 28, 405) used the corresponding zinc complex salt, the results being comparable 
with those based on difference methods. As there is a dearth of critical studies relating to 
simplified procedures for the determination of the alkalis in silicates, we have now examined 
more fully the methods of determining soda and potash directly in the aqueous extracts 
obtained from silicates decomposed according to Lawrence Smith’s procedure, weighing 
sodium finally as sodium zinc uranyl acetate and potassium as its perchlorate. 

By direct experiment, the aqueous solution obtained after decomposing 0-5 g. of a sul- 
phur-containing silicate with the same weight of ammonium chloride and 4 g. of calcium 
carbonate was found to contain calcium equivalent to 1-2 g. of CaCl,,6H,O, and 1-4 mg. 
of sulphate. In such extracts, since the proportion of sodium in sodium zinc uranyl acetate 
is very much less than that of potassium in potassium perchlorate, sodium was determined 
in one-fifth or one-tenth of the solution, according as the amount was small or large, and 
potassium in the remainder. This meant that, for the determination of sodium, silicates 
containing 0-25—11% of soda and 0-8—14% of potash gave rise to solutions containing 0-5— 
10 mg. of sodium chloride and 0-24 or 0-12 g. of calcium chloride, with a maximum of 22 mg. 
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of potassium chloride and a trace of sulphate; and, for the determination of potash, solu- 
tions containing 5—100 mg. of potassium chloride, about 1 g. of calcium chloride, a trace of 
sulphate, and a maximum of nearly 100 mg. of sodium chloride. 

Sodium.—Barber and Kolthoff (J. Amer. Chem. Soc., 1928, 50, 1625) and Kolthoff and 
Lingane (ibid., 1933, 55, 1871) have shown that amounts of potassium chloride of the 
order indicated above do not interfere with the determination of sodium as sodium zinc 
uranyl acetate in 1 ml. of solution. According to Barber and Kolthoff, 0-83 g. of hydrated 
calcium chloride is similarly without influence, but they record only one result. Wiggins 
and Wood (B., 1935, 432) mention slight interference from calcium. No interference 
was anticipated from a trace of sulphate (cf. Barber and Kolthoff). We found that cal- 
cium chloride does interfere in the determination of sodium by Barber and Kolthoff’s 
method, positive errors being consistently recorded, with one exception, as shown in 
cols. 3 and 7 of Table I. The results have been corrected for a trace of sodium impurity 
in the calcium chloride. In the experiment where 1 mg. of sodium chloride was pre- 
cipitated in presence of 12 g. of calcium chloride, the negative error might not have been 
incurred had the precipitate been allowed to settle overnight (cf. Kolthoff and Sandell, 
J. Physical Chem., 1933, 37, 443), instead of for less than an hour, as in the other experi- 
ments. Impure precipitates could not be freed from contaminants by further washing, 
but were purified by reprecipitation, as indicated in cols. 4 and 8 of the table. 








TABLE I. 
Initial volume of solution, !10 ml. Initial volume of solution, 1 ml. 
NaCl, mg. NaCl, mg. 
CaCl,,6H,O found, found, CaCl,,6H,O found, found, 
added, g. taken 1 pptn. 2 pptns. added, g. taken 1 pptn. 2 pptns. 
12°0 10°00 10°81 10°07 1-0 14°40 14°70 14°42 
10°74 10°07 14°78 14°44 
12-0 1:00 0°79 — 0°12 10°00 10°10 9°98 
50 10°00 10°60 — 10°12 9°97 
10°79 — 0°12 5:00 5:14 — 
1:0 10°00 10°16 — 5°12 — 
10°16 — 0°24 1:00 1-04 — 
0-0 10°00 9°95 — 1:06 oo 
9°98 — 0°24 0°50 0°56 0°48 
9°86 —_— 0°56 0°50 


The data recorded in the second part of the table signify that, in determining soda in 
silicates without prior removal of calcium chloride, a double precipitation should be made. 

The experiments made with 12 g. of calcium chloride, in presence of which 10 mg. of 
sodium chloride were completely precipitated in less than an hour, and 1 mg. was not, had 
a bearing on the determination of the sodium content of calcium carbonate, which is almost 
entirely responsible for the introduction of a little sodium impurity, necessitating the applic- 
ation of a correction, in careful silicate analyses. Caley (Ind. Eng. Chem., Anal., 1929, 1, 
191) determined the sodium content of calcium carbonate by dissolving 2 g. in acid, evapor- 
ating to remove the excess of acid, and separating and weighing the sodium as sodium mag- 
nesium uranyl acetate. There is no means of assessing the accuracy of his results. Corre- 
spondingly, but adopting the zinc uranyl acetate method with two precipitations, we deter- 
mined sodium in 5 g. of calcium carbonate, adding 10 mg. of sodium chloride to ensure 
complete precipitation of the triple salt within an hour. The amount of sodium found 
corresponded to 0-6 mg. of sodium chloride. This result was practically identical with 
that found in ‘“‘ blank ”’ experiments made with the carbonate treated in the same way as in 
the actual silicate analyses. The agreement was not unexpected, since the additional 
reagents required in the “ blank ” experiments were only ammonium chloride and water, 
which are easily obtained pure, and platinum apparatus was used, except in the filtration of 
the sodium-containing extracts. The direct determination of sodium in calcium carbonate 
is therefore recommended as a substitute for the ‘‘ blank ’’ experiment associated with our 
sodium extractions. 

Sodium was determined in certain silicates obtained from the U.S. Bureau of Standards; 
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they were dried as instructed, and the results (Table II) have been corrected for sodium in 
the reagents. 


TABLE II. 
Bureau of Standards’ 
Silicate. Na,O found, %. Mean, %. value, %. 
Opal glass, No. 91 .....c.cseceeeeeeeeneneeeeeees 8°39, 8°50, 8°32 8°40 8°46 
PRRRR, EO. FO. cnccccccnsccvecevesccccecsccse 2°35, 2°33 2°34 2°38 
Burnt refractory, No. 76 .........seeceseeeees 0°19, 0°17; 0°20, 0°20 0°19 0°38 
PORRIG Giny, WO. GBD scccrcccsccsecsscsvcnccoces 0°25, 0°25 0°25 0°27 


All the separate determinations, with the exception of those for “‘ opal glass,’’ which was 
known to be difficult to decompose, agree well with each other, and the maximum deviations 
from the mean are within the limits allowed by Washington (‘‘ The Chemical Analysis of 
Rocks,” 1930, p. 142). The only figures not in good agreement with the Bureau of Stand- 
ards’ value are those for the “‘ burnt refractory,’”’ so further duplicate determinations were 
made with a more finely ground sample, but no marked increase in the Na,O content was 
found (see table). There is no reason to suppose that the figures given are seriously in 
error. It is significant that the results for potash subsequently found (p. 1393) are high by 
amounts roughly equivalent to those by which the results for soda are low, as referred to 
the certificate values. 

Potassium.—Three methods of determining potassium in solutions of the composition 
mentioned on p. 1390 were examined and compared for speed and accuracy. 

Method 1. After precipitation of the trace of sulphate with a slight.excess of barium 
chloride, sufficient perchloric acid was added to form the perchlorates of all the metallic 
radicals. From the dry mixture, the perchlorates of calcium, sodium, and barium were 
twice extracted with an anhydrous mixture of ethyl acetate and n-butyl alcohol (Smith 
and Ross, J. Amer. Chem. Soc., 1925, 47, 1020), and the residual potassium perchlorate was 
weighed. 

Method 2. The mixture of the dry chlorides and a trace of sulphate was extracted with 
a little anhydrous isoamyl alcohol, which dissolved the bulk of the calcium chloride with- 
out appreciably affecting the potassium salt. From the residue, sulphate was then removed 
as barium sulphate, and potassium was separated as before from the remaining metallic 
radicals, and weighed as its perchlorate. 

Method 3. Potassium was separated as potassium sodium cobaltinitrite from sulphate 
and the bulk of the calcium chloride. A small amount of calcium contaminates the pre- 
cipitate (Guthrie and Miller, /oc. cit.). After dissolution in perchloric acid and evaporation 

.to dryness sodium, cobalt, and calcium perchlorates were removed as before, and the 
residual potassium perchlorate was weighed. 

The results obtained are shown below. All the mixtures contained 0-1 g. of sodium 
chloride, 1-2 g. of calcium chloride hexahydrate, and 5 mg. of sodium sulphate, in addition 
to potassium chloride. 

KCl found, mg. 





KCl used, 


mg. Method 1. Method 2. Method 3. 
100-0 100°2, 100-2 100°0 100°1, 99°9 
50°0 50°2 = 49°6, 49°8 

5°0 5°4, 4°8,5°3 9 4°7, 5-2 50, 49 


There appears to be little to choose between the three methods in regard to results. 
There were, however, definite objections to the first method, for calcium chloride had a 
slight solvent effect on barium sulphate, causing 0-4—1 mg. to remain behind and contam- 
inate the potassium perchlorate. The removal of sulphate after the extraction of the bulk 
of the calcium perchlorate was not successful, owing to adsorption of potassium perchlorate 
by barium sulphate. The expulsion of the excess of perchloric acid from the mixed per- 
chlorates was very troublesome, and the calcium-rich extract was extremely slow-filtering. 
In the second method, the filtration of the isoamyl-alcoholic solution of calcium chloride 
was tedious. The third method was preferred as being, on the whole, the quickest. 

The three methods were applied to the silicates mentioned in Table II. For practice in 
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the determination of a small amount of potash, a rock, Inchcolm picrite, which had been 
analysed by Day (Trans. Geol. Soc. Edin., 1924—1931, 12, 236), was examined by the second 
and the third method. The results are shown below. 





K,O found, %. Bureau of 
‘ A . Standards’ 
Silicate. Method 1. Method 2. Method 3. value, %. 
BNE, ciccixascanatienssnsancwuriteonen 12°56 12°38, 12°59 12°69, 12°60 12-58 
12°57 
pal GUAR oo. iiss ccicceccesccvcscsoveees — — 3°34, 3°39 3°24 
RRS GIR «a acisnsiascserasssioreciis 3°12, 3°30 3°26, 3°25 3°25, 3°23 3°20 
3°24, 3°35 
BE, DEMPACOINY 55.5 ccsscecscvegecoyes 1°60, 1°65 1°51, 1°55 1-61, 1°60 1:37 
EMCHOGE POCTIGS oa... oss ccccescccccces ow 0°41, 0°56 0°41, 0°42 (0°49) * 


* Day’s value. 


The mean percentages obtained by the three methods are in fair agreement with the 
certificate values, but it is noteworthy that in the third method alone do the maximum 
deviations from the mean lie consistently within the limits allowed by Washington (oP. cit.). 
The general tendency to slightly high figures for potash, as compared with the certificate 
values, is balanced by the slightly low figures obtained for soda (Table II). This is particu- 
larly noticeable for ‘“‘ burnt refractory.’’ The certificate values are based on the use of 
standard procedures involving the weighing of the alkali chlorides. We are unable to 
account for the discrepancy. 


EXPERIMENTAL. 


Reagents.—As far as possible the reagents employed were of A.R. quality. Organic solvents 
were purified and dehydrated according to standard methods. Hydrochloric and perchloric 
acids were redistilled. Sodium chloride (Kahlbaum’s “‘ mit Garantieschein ’’) and potassium 
chloride (recrystallised) were dried and heated to fusion before use. Kahlbaum’s calcium 
chloride hexahydrate, ‘‘ mit Garantieschein,’’ was examined spectroscopically for sodium 
by Dr. S. Judd Lewis, and guaranteed to contain not more than 0-0002%. Specially washed 
calcium carbonate was prepared for us by Messrs. Hopkin and Williams. 

Apparatus.—Pyrex and Jena glassware were used throughout, and pipettes and volumetric 
flasks were calibrated. Jena sintered-glass filtering crucibles, Nos. 10 G 3 and 10 G 4, and small 
immersion filters, G 4, with a disc of 30-mm. diameter and the minimum capacity above it, were 
used as far as possible. Silicates were decomposed in narrow platinum crucibles of 25-ml. 
capacity, and evaporations were made in 200- and 100-ml. platinum basins. Small basins (60 
ml.) were used in extraction processes and for weighing small residues. Evaporations were 
carried out on a gas-heated steam-bath or electrically. A thermostat fitted with a wire tray 
and with clamps for holding bottles was kept at about 20°, and used in connection with sodium 
determinations. 

Determination of Sodium as Sodium Zinc Uranyl Acetate.—Small amounts of sodium chloride 
were measured by weighing accurately prepared solutions. The solution of mixed chlorides 
(10 or 1 ml.) was treated with 10 volumes of a zinc uranyl acetate solution saturated with the 
triple salt, which had been prepared according to Barber and Kolthoff’s (Joc. cit.) directions, and 
mechanically stirred and filtered before use. After 15 mins.’ stirring and not less than 15 mins.’ 
settling, the precipitate was collected on a glass crucible (10 G 3), and washed with the precipi- 
tant (5 x 2ml.), 95% aqueous ethyl] alcohol saturated with the triple salt (5 x 2 ml.), and finally 
with a little ether. All operations were conducted at constant temperature. The precipitate 
was dried at 40° for 10 mins., cooled, and weighed. When two precipitations were required, 
the washings with ether were omitted, and those with alcohol reduced in number. The pre- 
cipitate was then dissolved in 10 ml. of 0-1N-hydrochloric acid, the solution evaporated to 2 ml., 
and reprecipitation effected as before. Because negative errors were of frequent occurrence, 
more retentive crucibles (10 G 4), were subsequently used, or a thin layer of asbestos was put 
on the others (10 G3). The results in Table I referring to two precipitations were obtained in 
this way. 

Determination of Sodium in Calcium Carbonate.—5 G. of calcium carbonate in a platinum basin 
were dissolved in 20 ml. of 6-7N-hydrochloric acid, and the solution was evaporated to dryness on 
an electric boiler. Water was added to make a total volume of 7—8 ml., and 100 ml. of the 
zinc uranyl acetate reagent were employed to wash the solution into a beaker containing 10 mg. 
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of sodium chloride. Two precipitations of the sodium triple salt were made in the customary 
manner, and from the amount of sodium chloride deduced that added initially was deducted. 

Decomposition of Silicates and the Determination of Sodium.—0-5 G. of the dried, powdered 
silicate was decomposed with 0-5 g. of ammonium chloride and 4 g. of calcium carbonate, 
exactly as described by Washington (op. cit., p. 222). The filtered aqueous extract of the cold 
sintered mass was made slightly acid with hydrochloric acid, and diluted accurately to 250 ml. 
25 or 50 MI. were then evaporated in a platinum basin to remove hydrochloric acid, washed with 
the minimum of water into a small beaker, and evaporated to 1 ml. Sodium zinc uranyl acetate 
was precipitated twice under the appropriate conditions. In “ blank ’’ experiments made in 
absence of the silicate in order to find the sodium content of the reagents, the total aqueous 
extract was evaporated to dryness in a platinum basin, dissolved in water, and added to 10 mg. 
of sodium chloride, the subsequent procedure corresponding to that outlined in the preceding 
section. 

Determination of Potassium as Perchlorate in Solutions containing Potassium, Sodium, and 
Calcium Chlorides, and a Little Sulphate—Method 1. To the neutral solution (100 ml.) in a 
platinum basin 2 ml. of a 1% aqueous solution of barium chloride were added to precipitate the 
sulphate. The solution was evaporated to 10 ml., and filtered cold, through either a very small 
paper (Schleicher and Schiill’s No. 589, blue band) or a tiny quartz filtering crucible. The 
precipitate was washed with cold water. To the filtrate was added 2—3 times the quantity of 
perchloric acid required to convert all the chlorides into perchlorates, and it was evaporated to 
dryness. After dissolution in a little hot water, the solution was re-evaporated to dryness, and 
the residue, which was broken up with a flat-ended glass rod, was digested near the b. p. for 2—3 
mins. with 10 ml. of a mixture of equal parts of ethyl acetate and n-butyl alcohol. With the aid 
of the immersion filter, the liquid containing sodium and calcium perchlorates was removed by 
suction, and the residue was washed with the solvent (5 x 1 ml.). The residue adhering to the 
filter was washed back into the basin with hot water, which also dissolved the residue in the basin, 
and the evaporation and extraction processes were repeated. Again the filter was washed free 
from potassium perchlorate, and the solution in the basin was evaporated to dryness, heated 
for a few minutes at 150°, and then for 10 mins. at 350°. The basin was cooled and weighed in 
order to obtain the weight of potassium perchlorate. 

Method 2. The solution was evaporated to dryness in a platinum basin, and, with the aid of 
the immersion filter, extracted as described above with 10 ml. of isoamylalcohol. As it was not 
essential to remove the last traces of calcium chloride, but important to prevent loss of potassium 
chloride by solution in the alcohol, washing of the residue was omitted. From the residual 
chlorides, traces of alcohol were removed, and, after dissolution in 10 ml. of water, sulphate was 
removed as barium sulphate, the filtrate being collected in a small weighed platinum basin. The 
treatment with perchloric acid and the subsequent procedure were as previously described. 

Method 3. Hamid’s method (Analyst, 1926, 51, 450) of precipitating potassium as potassium 
sodium cobaltinitrite was selected in preference to more recent methods (e.g., Piper, J. Soc. Chem. 
Ind., 1934, 58, 3921), because complete precipitation was effected without leaving the precipi- 
tate to settle over-night, and no correction was required for potassium in the sodium cobalti- 
nitrite solution, which was prepared according to Hamid’s instructions and filtered just before 
use. To the neutral solution of chlorides in a 250-ml. beaker, 10 ml. of the reagent were added, 
and the whole was evaporated to dryness. The residue was stirred with N-acetic acid, the liquid 
removed with the aid of the immersion filter, and the residue washed with a freshly saturated, 
filtered, aqueous solution of potassium sodium cobaltinitrite, as recommended by Piper. The 
cobaltinitrite precipitate was dissolved by gentle warming in a three-fold excess of perchloric 
acid, and the solution transferred to a small weighed platinum basin, in which evaporations and 
extractions were carried out as already described. Potassium perchlorate was finally weighed. 

Determination of Potassium in Silicates.—200 or 225 M1. of the slightly acid aqueous extract 
obtained after decomposing a silicate (above) were evaporated to dryness, and potassium was 
determined as perchlorate by one of the methods cited. 


THE UNIVERSITY, EDINBURGH. [Received, June 25th, 1936.] 
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302. A New Method for the Quantitative Separation of Lithium, 
with Reference to its Determination in Insoluble Silicates. 


By CurisTINA C. MILLER and FLORENCE TRAVEs. 


Litu1uM, like sodium, is said to form complex triple acetates with uranyl acetate and the 
acetate of a bivalent metal such as zinc (Barber and Kolthoff, J]. Amer. Chem. Soc., 1929, 
51, 3233) or magnesium (Kahane, Bull. Soc. chim., 1933, 58, 555), but, although the first 
two authors suggested the possibility, the acetates have apparently not been utilised 
quantitatively. 

The determination of lithium in an insoluble silicate has usually depended on the 
assembling of the alkali chlorides apart from all other constituents, followed by the 
separation of lithium chloride from sodium and potassium chlorides, and its conversion 
into sulphate; and recent research has been directed towards finding the most suitable 
organic solvents for the separation. We sought a method whereby lithium could be 
precipitated quantitatively as a complex triple acetate, and then applied it to the 
determination of the metal in an insoluble silicate. 

In preliminary experiments with mixtures of solutions of uranyl acetate and another 
bivalent metal acetate, prepared and used for lithium chloride exactly as zinc uranyl 
acetate (Barber and Kolthoff, J. Amer. Chem. Soc., 1928, 50, 1625) is used for sodium 
chloride, it was found that precipitates were readily obtained in presence of zinc and nickel 
acetates, the yields of triple acetate based on the formula LiM(UO,),(C,H,0,)9,6H,O (M = 
Zn or Ni) being of the order of 50% of the theoretical. Further experiments showed that 
the yields varied with the proportions of zinc (or nickel) acetate, uranyl acetate, and acetic 


acid in the reagent, as indicated below. 
Reagent (satd. with 





Solvent. triple acetate). Li 
Acetic acid, pee A ss recovered 
ml. /100 ml. Solution (a). Solution (b). (a), %. (b), %. %. 

5 Solvent satd. with Solvent satd. with p. 4 = h. 

UO,(OAc), Ni(OAc), 16 + 25 69 

9 + 91 0 

50 ditto ditto 50 + #4650 66 

76 + 25 92 

25 ditto Soln. (a) satd. with ~ = - —— 

Ni(OAc), 86 + =«(od negligible 

70 + £30 60 

, ‘ 76 a 24 94 

50 ditto ditto 86 + 14 92 

91 oe 9 55 

60 + 40 61 

75 ditto ditto 75 + 25 64 

86 + 14 60 

68 + 32 93 

50 ditto Soln. (a) satd. with 72 + 28 94 

Zn(OAc), 1% + 2% 100 

8 + 14 88 


It was evident that the conditions for complete precipitation were critical. As the 
best results were obtained with zinc acetate in presence of high concentrations of uranyl 
acetate and acetic acid, a few experiments were made in a slightly different manner. 
Various amounts of zinc acetate were dissolved in 40%, 50%, and 60% aqueous acetic acid 
as solvents. All were saturated with uranyl acetate and then with the triple acetate, and 
applied as before. The results are shown below. 





_ Solvent. G. of zinc acetate per 100 ml. of solvent. 
Acetic acid, ml./100 ml. ‘ n 
5 75 10 12°5 15 
Lithium recovered, %. 
40 76 94 100 96 _ 
50 86 97 98 97 95 
60 98 100 99 100 _ 
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As theoretical results, based on the formula previously given, were obtained, within 
the limits of experimental error, over a considerable range of zinc acetate concentration 
with 60% acetic acid as solvent, this was used for all subsequent work, 12-5 g. of zinc 
acetate being added per 100 ml., and the resultant solution further treated as stated above. 
All operations were conducted at constant temperature (ca. 20°) with the aid of a thermostat. 

Precipitates formed with this reagent were pale yellow, crystalline, and rather more 
finely divided than the corresponding sodium salt. The solubility in water was roughly 
30% greater than that of the sodium analogue. In absolute and 95% aqueous ethyl 
alcohol, the respective solubilities of the lithium complex salt were 0-22 g. and 0-19 g. per 
100 ml. Prolonged heating at 40—50° was without influence, but slight losses in weight 
occurred above 70°. The complex was stable when kept in a desiccator containing calcium 
chloride. When placed in air, under a bell-jar, it gained about 0-1%, the weight then 
remaining constant. Analyses of the precipitates gave the following results : 


Wt. of mixed sulphates Zn, UQ,. C,H,0,, H,O, 
from 0°66 g. of salt. x. » ee %- %. 
Sean 0°5702 4°37 53°2 34°7, 34°9 — 
pciutiabaeetiekestaaesanieakaennies 0°5692 4°38 53°2 35-0, 34°9 one 
Calc. for LiZn(UO,)3(C,H,O,),,6H,O 0°5702 4°30 53°2 34°9 71 
Calc. for LiZn(UO,),(C,H,O,),,7H,O 0°5636 4°25 52°6 34°5 8:2 


Attempts to determine water by dehydrating the complex with phosphoric oxide at 
90°, in evacuated, sealed, all-glass apparatus, gave unreliable results, gwing to slight 
decomposition, for which an accurate correction could not be applied. The losses observed 
after 2 and 4 days, 8-0 and 7-8% respectively, were undoubtedly not entirely due to water, 
and were unacceptable as evidence for the heptahydrate composition. Prolonged heating 
(6—8 weeks) under similar conditions at 50° might give the required information. The 
above data, however, were regarded as sufficient justification for the acceptance of the 
hexahydrate formula. 

Quantitative experiments made with lithium chloride solutions, with and without 
other added chlorides, yielded the results shown below. All precipitations were effected 
in volumes of solution of 1 ml. or less. 








LiCl LiCl, found, mg. Added salt, LiCl LiCl, found, mg. 
— A " and wt., g. used, ” A . 
mg. One pptn. Two pptns. mg. One pptn. Two pptns. 
10°00 9°95, 9°97, 9°99 9°97, 10°06 KCl, 0°003 10°00 10°05 a 
2°00 2°01, 1°96 1°96, 2°01 NaCl, 0°0005 10°00 10°59 - 
0°60 0°60, 0°60 0°57, 0°61 CaCl,,6H,O, 1°2 10°00 7°89 e 
ms 0°12 10-00 10°34, 10°28 10°01 
mn 0°12 2°00 — 2°07, 1°94 
i 0°12 0°60 = 0°55, 0°56 


Amounts of lithium chloride ranging from 10 to 0-6 mg. may be determined with fair 
accuracy in absence of other salts, and two precipitations do not materially affect the 
results, showing that the precipitation of lithium is quantitative. A small amount of 
potassium chloride has no important influence on the determination of lithium, but it is 
obvious that lithium chloride must be quantitatively separated from sodium chloride, 
prior to its precipitation as the triple acetate. The presence of 1-2 g. of calcium chloride 
prevents complete precipitation, and 0-12 g. causes the precipitate to be contaminated, 
necessitating a double precipitation. Results based on two precipitations are, on the whole, 
less consistent than those based on one. 

In view of the composition of the aqueous solution obtained after decomposing 0-5 g. 
of a silicate by the Lawrence Smith method (see preceding paper, p. 1390), and of the fact 
that precipitation of lithium in presence of 1-2 g. of calcium chloride is not feasible without 
modification of the analytical method, it is evident that lithium must be determined in 
one-tenth of the aqueous extract, and quantitatively separated from sodium. On this 
basis, lithium was determined in two ways in solutions containing sodium, potassium, and 
calcium chlorides, such as might be derived from silicates with a lithia content of 7—0-4%. 

In the first method the anhydrous chlorides were extracted twice with minimal amounts 
of ssoamyl alcohol, in which sodium and potassium chlorides are sparingly soluble (cf. Gooch, 
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Chem. News, 1887, 55, 18 et seq.). Lithium and calcium chlorides were dissolved, the 
alcohol removed from the separated solution, and lithium determined as lithium zinc 
uranyl acetate after two precipitations. The following results refer to solutions in which 
0-12 g. of calcium chloride and 10 mg. each of potassium and sodium chlorides were present 
in addition to lithium chloride : 

Wt. of LiCl taken (mg.) ............ 10°00 2-00 0°60 

Wt. of LiCl found (mg.) ............ 10°07, 10°03 2°12, 2°13 0°74, 0°65, 0°62 
The positive errors were undoubtedly due to the slight solvent effect of the alcohol on 
sodium chloride. 

The second method involved extraction by anhydrous acetone (Brown and Reedy, 
Ind. Eng. Chem., Anal., 1930, 2, 304), in which lithium chloride is fairly soluble, calcium 
chloride slightly soluble, and sodium and potassium chlorides insoluble. Repeated 
extractions with small amounts of acetone were much more effective than one extraction 
with a large amount. The solutions used were as in the preceding case, except that only 
5 mg. each of sodium and potassium chlorides were present. Four extractions were 
necessary when the amount of lithium chloride was 10 mg., and three when it was 2—0-5 mg. 
As the amount of calcium chloride extracted was small, only one precipitation of the triple 
acetate was required. The results are given below. The figures in the last column refer 
to solutions containing, in addition to the other salts, 5 mg. of sodium sulphate. 

Wt. of LiCl taken (mg.) ...... 10-00 2-00 0°60 0:50 

Wt. of LiCl found (mg.) ...... 9°95, 9°91 2-05, 1-99 0°57, 0°60 0°51, 0°49 
As anticipated, the errors were mainly negative. This method was preferred to the first, 
partly because one precipitation of the triple salt sufficed. It was superior for the 
determination of small amounts of lithium. 

It might be thought that the precipitation of calcium as calcium carbonate would 
be more expeditious than the repeated extractions with acetone, but thisisnotso. Further, 
direct experiments showed that, even if the precipitation method were adopted, two 
extractions with acetone would still be necessary to remove 10 mg. of lithium chloride from 
the same weight of sodium and potassium chlorides. 

The determination of soda, potash, and lithia in silicates is now described. Since 
(preceding paper) sodium as well as lithium is frequently determinable in one-tenth of the 
aqueous extract already referred to (p. 1396), and a quantitative separation of sodium and 
lithium chlorides is essential, sodium may be determined in the residue after removal 
of lithium chloride. When acetone is used to extract lithium chloride, this residue contains 
most of the calcium chloride, and two precipitations of sodium zinc uranyl acetate are 
requisite. Another method is available, however, viz., the removal of the bulk of the 
calcium chloride from the residue by means of the minimal amount of isoamyl alcohol, 
and the separation of sodium in the residue by a single precipitation as the triple salt, 
In determining 5 mg. of sodium chloride in presence of 5 mg. of potassium chloride, 0-12 g. 
of calcium chloride, and lithium chloride, 99-4°% recoveries were achieved. This method 
is recommended for silicates containing both soda and lithia. 

For the determination of potash, the methods described in the preceding paper are 
applicable in presence of lithia. 

Finally, two 0-5-g. portions of a lithia-containing silicate, lepidolite, of undetermined 
composition, were decomposed according to Lawrence Smith’s procedure. In one 
experiment the alkali chlorides were separated and weighed, exactly as described by 
Washington (“‘ The Chemical Analysis of Rocks,” 1930, p. 222). In the other, lithia and 
soda were determined in 10% of the acidified aqueous extract of the decomposed silicate, 
lithium chloride being extracted with acetone prior to the determination of soda as already 
outlined; potash was determined in 90% of the extract, according to method 3 of the 
preceding paper. The sum of the weights of the corresponding chlorides was computed, 
The results for the two experiments, referred to exactly 0-5 g. of the silicate, and suitably 
corrected for alkali chlorides in the reagents, were as follows : 


G. of alkali chlorides by direct determination . .. .. . . . . « 01232 
G. of LiCl, 0-0483; NaCl, 0-0015; KCl, 0-0739. Total . . . 01237 
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The agreement is satisfactory, although the amount of sodium chloride was rather small for 
determination in only 10% of the silicate extract. 


EXPERIMENTAL. 


The glassware was Jena or Pyrex. Neutral solutions of lithium chloride were prepared 
by decomposing a known amount of Merck’s “‘ extra pure ’’ lithium carbonate with hydrochloric 
acid in a platinum basin, evaporating to dryness, dissolving in water, and weighing. The 
lithium carbonate, after spectroscopic examination, was guaranteed by Dr. S. Judd Lewis to 
contain not more than 0-014% of sodium. It lost no weight on heating to 200°. The reagents 
mentioned in the preceding paper were again employed, and others were, as far as possible, 
of A.R. quality. Kahlbaum’s glacial acetic acid “for analysis ’’ was used. Pure anhydrous 
acetone and isoamyl alcohol were prepared according to standard methods, and absolute ethyl 
alcohol and anhydrous ether were redistilled. Evaporations were conducted on an adjustable 
grid placed over an electric boiler. A thermostat at about 20° was employed. 

The Zinc Uranyl Acetate Reagent for the Precipitation of Lithium.—In 600 ml. of acetic acid, 
diluted to 1000 ml. with water, 125 g. of zinc acetate trihydrate were dissolved. To the solution, 
uranyl] acetate dihydrate was added in slight excess, and then more than enough of the complex 
lithium salt to saturate it. The mixture was briskly shaken, and thereafter kept at constant 
temperature. Immediately before use, suitable portions were stirred mechanically for 4 hour 
to avoid supersaturation, and filtered. It was important to preserve the reagent in a dark bottle, 
as it deteriorated in the light, and to renew it once a month. 

Quantitative Precipitation of Lithium Zinc Uranyl Acetate—A weighed amouat of the lithium 
chloride solution was evaporated just to dryness in a 50-ml. beaker. 10 Ml. of the filtered 
reagent were added, and the mixture was stirred mechanically for 15 mins., and allowed to settle 
for 15 mins. The precipitate was collected in a Jena sintered-glass filtering crucible (No. 10 G 3), 
on the disc of which was a thin layer of asbestos, and washed with the precipitating reagent 
(5 x 2 ml.), 95% aqueous ethyl alcohol saturated with the triple salt (5 x 2 ml.), and finally 
with a little anhydrous ether. All operations were carried out at the temperature at which 
the reagent had been prepared. The precipitate was heated at 40° for 10 mins., cooled in a 
desiccator containing calcium chloride, and weighed. When two precipitations were necessary, 
and the weight of the first precipitate was not required, the ether washing of the latter was 
omitted, and the number of alcohol washings was reduced to two. The precipitate was then 
dissolved in 10 ml. of 0-1N-hydrochloric acid, and the solution evaporated in a beaker until a 
solid film just formed. If the mixture was taken to dryness the final results were high. The 
second precipitation was made similarly to the first, and the triple salt was separated and 
weighed. 

Analysis of Lithium Zinc Uvranyl Acetate Precipitates—The determination of zinc with 
8-hydroxyquinoline was based on Wiggins and Wood’s method (J. Soc. Chem. Ind., 1934, 53, 
2541), in which malic acid is employed to prevent interference from uranium. 0-7 G. of the 
complex acetate was used, and two precipitations were made, the first precipitate being dissolved 
in dilute hydrochloric acid, and reprecipitated with a few drops of the reagent solution and 
2N-sodium hydroxide. The second precipitate was collected in a Jena-glass filtering crucible 
(No. 10 G 4), heated at 120°, and weighed as the anhydrous complex. As a check, experiments 
were made simultaneously with standard solutions of zinc sulphate containing uranyl acetate, 
corresponding to that under test. A correction of — 0-8% was required. 

Gladding’s distillation method (Ind. Eng. Chem., 1909, 1, 250) for acetate, which gave exact 
results with a standardised solution of acetic acid, was used for the determination of acetate 
in 0-85 g. of lithium zinc uranyl acetate. 

In the determination of uranium in 0-63 g. of the triple acetate, acetate was first removed 
(on the recommendation of Dr. A. M. Ward) by distillation with 8N-sulphuric acid, water being 
added to maintain the volume constant. Uranium was then determined with a standard solution 
of potassium dichromate (Kolthoff and Lingane, J. Amer. Chem. Soc., 1933, 55, 1871). 

For the conversion of lithium zinc uranyl acetate into the mixed sulphates, 0-6—0-7 g. in a 
platinum crucible was dissolved in 10 ml. of dilute sulphuric acid, and carefully evaporated 
to dryness. The residue was dissolved in water, the solution re-evaporated, the sulphates 
heated to 500°, and weighed. 

Determination of Lithium in a Mixture of Calcium, Sodium, Lithium, and Potassium Chlorides. 
—Method (a). Extraction of lithium chloride by isoamyl alcohol. A capillary immersion filter 
was made by widening 1-mm. internal-diam. capillary tubing to a small bell-shaped end. A 
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short spiral of very fine platinum wire was inserted in the capillary to prevent blocking, and 
a little asbestos in suspension was drawn up. As finely divided precipitates tended to clog the 
asbestos, a plug of paper cut from an ashless filtration accelerator was placed in the wider part 
of the filter. The tubing was bent twice at right angles, so that the filtering end could be held 
vertically in the mixture to be filtered, and the other, which was drawn off to a slanting point, 
placed vertically against a receiving beaker within a bell-jar that could be evacuated. 

The solution of chlorides in a 30-ml. beaker was evaporated to dryness, and the residue 
re-evaporated with 1 ml. of isoamyl alcohol to ensure complete dehydration. 2 Ml. of the 
alcohol and a small drop of concentrated hydrochloric acid (to convert any lithium hydroxide 
formed into chloride) were added, the mixture heated to boiling, and the hard mass thoroughly 
broken up with a glass rod. After cooling, the supernatant liquid was drawn by gentle suction 
through the immersion filter into another beaker, and the residue was washed with the solvent 
(3 x 0-5 ml.). Any residue adhering to the filter was returned to the beaker containing the 
main portion of the residue, by putting this beaker inside the bell-jar and drawing hot water 
through the filter. The latter was made ready for use again by treatment with a little absolute 
ethyl alcohol, and then isoamyl alcohol. The residue was next dissolved in water, and the 
evaporation, extraction (1 ml. of alcohol), and washing (5 x 0-5 ml.) processes were repeated. 
From the combined extracts, isoamyl alcohol was removed, and lithium zinc uranyl acetate was 
precipitated twice under the stipulated conditions. 

Method (b). Extraction of lithium chloride by acetone. The apparatus was the same as for 
method (a), except that the paper plug was omitted from the immersion filter. The solution 
of mixed chlorides was evaporated to dryness, and the residue, dehydrated by heating at 150°, 
was cooled in a desiccator containing phosphoric oxide. 5 Ml. of acetone and a small drop of 
concentrated hydrochloric acid were added, the mixture was warmed to soften the solid mass, 
and then again transferred to the desiccator to cool (lithium chloride is more soluble in the cold 
solvent). Filtration was effected as before, but with reduced suction to prevent loss of acetone 
by volatilisation and the deposition of lithium chloride on the filter, and the residue was washed 
with the solvent (3 x 1 ml.). Re-extractions were made as described in method (a), but with 
the appropriate modifications for acetone as solvent. In the last extraction 5 ml. of wash liquid 
were used. Lithium zinc uranyl acetate was precipitated once in the combined extracts, from 
which acetone had previously been removed by evaporation. 

Determination of Sodium Chloride in a Mixture of Sodium, Lithium, Potassium, and Calcium 
Chlorides.—From the anhydrous chlorides lithium chloride was removed by means of acetone, 
as just described. The residue was evaporated to dryness and dehydrated by heating with 
1 ml. of isoamyl alcohol. A few ml. of the latter were then added, the mixture heated, the 
residue broken up, and the supernatant liquid containing calcium chloride removed, when 
cold, by means of the capillary immersion filter. Any residue adhering to the filter was washed 
through with hot water into the beaker containing the main portion of the residue. After 
evaporation to dryness, the residue was dissolved in 1 ml. of water, and sodium zinc uranyl 
acetate was precipitated once in the customary manner. 

This work is being continued. 


We thank the Carnegie Trustees for a Teaching Fellowship (to C. C. M.), and the Trustees 
of the Moray Fund for a grant, which have facilitated the work described in this and the 


preceding paper. 
THE UNIVERSITY, EDINBURGH. (Received, June 25th, 1936.] 





303. Sapogenins. Part I. The Sapogenins of Sarsaparilla Root. 
By F. A. Askew, S. N. FARMER, and G. A. R. Kon. 


THE so-called neutral sapogenins of Digitalis seeds (digitogenin, gitogenin, and tigogenin) 
are of considerable interest in view of their close connexion with the cardiac aglucones. 
Jacobsand Simpson (J. Biol. Chem., 1934, 105, 501) have shownthat sarsasapogenin belongs 
to this group of compounds because both it and gitogenin yield on dehydrogenation with 
selenium 3’-methylceyclopentenophenanthrene together with a ketone C,H,,0, which 
evidently represents the side chain common to'these compounds. From the results of 
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degradation experiments (zbid., 1935, 109, 573) these authors tentatively put forward the 
formula (I) for sarsasapogenin. A similar structure (II) is adopted by Tschesche and 


HMe-CHyCH-CH-CHMe HMe GH-GH-CH, GHMe 
ty in cA in hate 





H, CH, 


a 
& (I.) OH Ry (II.) 
) 


Hagedorn (Ber., 1935, 68, 1412, 2247; 1936, 69, 797) for tigogenin, but the hydroxyl group 
common to it and the other two Digitalis sapogenins is placed on Cg, the position it occupies 

aoe in all the sterols and cardiac aglucones. 
Such a formulation is supported by the 
formation of a ketone on heating the 
dibasic acid (gitogenic acid) produced 
by the oxidation of both tigogenin and 
gitogenin; by analogy with the be- 
haviour of other sterol derivatives, 
this indicates that ring I has been 
opened. The opening of the ring takes 
place between the two hydroxyl- 
bearing carbon atoms of gitogenin, and 
the previous work of Windaus and 
Willerding (Z. physiol. Chem., 1925, 
143, 33) and of Windaus and Linsert 
(tbid., 1925, 147, 277) can only be 
interpreted on the assumption that 
this takes place between C, and either 
C, or Cy. It has been proved that 
tigogenin is a cholestane derivative 
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10 V. Smilagenin. (i.e., rings I and II are fused in the 
\V trans-position), and the opening of ring 

5 I in such a compound would be ex- 
™. pected to take place preferentially 

i, between C, and C;. It is also sug- 














po : + ie gested that the precipitation of tigo- 

. genin by digitonin excludes a hydroxyl 

Area per molecule, sq. A. on C,, fs suitor of the Pp a trie 

is precipitated; and tigogenone is not isomerised by acids or alkalis. The latter 

argument does not appear to be valid, because isomerisation is only to be expected, by 

analogy with the «-decalones, in an «-ketone of the cis-series. The evidence is thus fairly 
conclusive, even though it does depend on analogy to a great extent. 

It occurred to us that valuable additional evidence regarding the position of the hydroxyl 
group in these compounds would be furnished by surface film measurements. Through the 
kindness of Dr. R. Tschesche we were able to examine the three Digitalis sapogenins and to 
compare them with sarsasapogenin and a closely related compound, smilagenin, which we 
have isolated from Jamaica sarsaparilla root. 

The measurements of surface pressure and potential were carried out as described by 
Adam, Askew, and Danielli (Biochem. J., 1935, 29, 1786), the results being summarised in 
Fig. 1. Three of the compounds, tigogenin, gitogenin, and sarsasapogenin, form stable, 
condensed, liquid films of small compressibility, having limiting areas at zero pressure of 
38, 39-5, and 42 sq. A. respectively. These areas are close to those obtained with 3-hydroxy- 
compounds of the sterol series (Adam ¢¢ al., loc. cit.). Experience with films of sterols has 
shown that the area of 38 sq. A. cannot easily be reconciled with any other structure than 
that of a derivative of cholestane with a water-attracting group on C3. The accepted 
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formule for tigogenin and gitogenin are thus fully confirmed. Examination of models 
shows that, for such compounds, either alteration of the ring structure from the cholestane 
to the coprostane type, or a shifting of the hydroxyl group from C, to C, or C, would in- 
crease the minimum cross-sectional area, measured on models, to about 40sq. A. Thus the 
limiting area, 42 sq. A., found for sarsasapogenin would also be consistent with these altern- 
ative formulations ; it is, however, not consistent with formule in which the hydroxy] group 
is far removed from the end of the molecule, as it would be on C,,. Films of such com- 
pounds would be expected to occupy much larger areas than those observed for sarsasa- 
pogenin, and to be much more compressible (compare the behaviour of cholestan-6-ol and 
A*5-cholesten-7-ol, or x-cholesterol ; Adam é¢ al., loc. cit.). 

The other two compounds, digitogenin and smilagenin, form films which tend to occupy 
rather larger areas, but rapidly contract under slight increase of pressure, so that accurate 
measurements of area cannot be made. The condensed films formed in both cases are solid, 
but partially collapsed when examined ultramicroscopically. This behaviour is common 
among the structurally rather similar resinols, but is not yet fully understood. 

The oxygen-containing rings in the side chain do not appear to exert much water- 
attraction, none of the hydroxyl compounds showing any tendency to form gaseous films 
(compare derivatives of oestrone; 


Adam, Danielli, Marrian, and Hasle- Fic. 2. 

















wood, Biochem. J., 1932, 26, 1233; T T T & 
Danielli, Marrian, and Haslewood, | _---~ 5 (eae nig ane > 
ibid., 1933, 27,311). The acetate of IDS 
smilagenin, however, in which the & pst Smilagenin acetate 500- e8 
water-attracting properties of the S 4*& 
hydroxyl group are diminished by g -Nétmcniiee. ‘ine 400- nN 
acetylation, forms films of the gaseous Syp}_---___ Rae " 
type, the pressure rising continuously § o1 & 
from low values at very large areas to % $ 
10 dynes/cm. at 120 sq. A. per mole- S 5- By 
cule, at which area the film abruptly € 

begins to collapse (Fig. 2). These § 

data indicate that in this compound 9 750 

the molecules are lying flat on the Area per molecule, sq.A. 


surface, 120 sq. A. being close to the 
estimated minimum area occupied by a molecule of the sterol type oriented in this way 
(Adam et al., loc. cit.). There is little difference between the areas occupied by tigogenin 
and gitogenin, although the latter has a second hydroxyl group on C,; the films of 
gitogenin are, however, somewhat more compressible, and show much higher values of 
surface potential and p. 

These results thus fully confirm Tschesche and Hagedorn’s formule for the Digitalis 
sapogenins, but make it necessary to revise formula (I) for sarsasapogenin, the hydroxyl 
group of which can only be accommodated on C,, C;, and Cy. The last position, although 
apparently in accord with the formation of a ketonic acid on oxidation (Jacobs and Simpson, 
J. Biol. Chem., 1935, 109, 573), is not probable, because it is now found that sarsasapogenin 
is precipitated by digitonin. We also find that sarsasapogenone is not isomerised by fairly 
vigorous treatment with alkali; this would indicate that it is not an a-ketone, but only if 
sarsasapogenin is a coprostane derivative. In any case, a difference in the position of the 
hydroxyl group is not sufficient to account for the difference between sarsasapogenin and 
tigogenin, because the hydroxyl-free lactones, CygH;,0,, which have been obtained from 
them (Jacobs and Simpson, J. Biol. Chem., 1935, 110, 565; Tschesche and Hagedorn, Ber., 
1935, 68, 1412) are not identical; further experimental evidence on this point is required. 

Smilagenin is clearly closely related to sarsasapogenin and was doubtless encountered 
by Power and Salway (J., 1914, 105, 201) in the course of their examination of Jamaica 
sarsaparilla, although they referred to it as sarsasapogenin; the two compounds are, how- 
ever, distinct, and the new name is suggested to obviate confusion. Smilagenin is more 
soluble and lower-melting than its isomeride, and differs from it in its rotation; both its 
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benzoate and its acetate, however, melt higher than those of sarsasapogenin. Smilagenin 
is also precipitated by digitonin, although very slowly, and differs in this respect from epi- 
sarsasapogenin, which we have prepared for comparison. The deoxy-compound, obtained 
by the reduction of smilagenyl chloride, appears to be different from deoxysarsasapogenin, 
and this would indicate that the two aglucones differ in some manner more fundamental 


than the steric arrangement of the hydroxyl group. 


EXPERIMENTAL. 


Sarsasapogenin.—The isolation of this compound from Vera Cruz sarsaparilla was carried 
out as described by Jacobs and Simpson (Joc. cit.); the purification of the crude aglucone is, 
however, most conveniently carried out by running a 4—5% benzene solution through a column 
of Merck’s activated alumina, which absorbs the coloured impurities, and recovering the purified 
compound by evaporation under reduced pressure. The m. p. is found to be 197—198° after 
crystallisation from acetone, or somewhat lower than observed by Jacobs and Simpson, but the 
rotation * agrees well with their value: [a]? — 75°, [«]?33, — 89°, a54¢:/ap = 1:18 (c = 0-498 
in chloroform). 

Digitonide. A mixture of 100 mg. of digitonin in 10c.c. of 90% alcohol and 28 mg. of sarsa- 
sapogenin in 3-8 c.c. of 95% alcohol was kept at room temperature for 2 days, 48 mg. of an amor- 
phous precipitate having then separated. This was dissolved in a little pyridine, and the digi- 
tonin precipitated with ether; from the filtered solution 6 mg. of sarsasapogenin were recovered 
and identified. . 

Acetate. The aglucone was boiled with an excess of acetic anhydride for an hour, the reagent 
distilled off under reduced pressure, and the residue recrystallised from methanol, in which it is 
sparingly soluble, forming flattened needles up to 1 cm. in length, m. p. 144—145°; the lower- 
melting preparations described by previous authors were evidently impure. The rotation is 
[a]? — 70-2°, [c]}%6, — 83-1° os4¢,/ap = 1-18 (c = 1-183 in chloroform) (Found: C, 76-1; 
H, 10-4. C,ygH,,O, requires C, 75-9; H, 10-1%). 

Benzoate. No benzoate was formed on treating sarsasapogenin as described by Kaufmann 
and Fuchs (Ber., 1923, 56, 2527), and the compound of m. p. 124° which they obtained cannot 
have been the pure ester. This was obtained by keeping a solution of 0-3 g. of aglucone and 0-7 g. 
of freshly distilled benzoyl] chloride in 9 c.c. of pyridine for 3 hours, then adding an excess of dilute 
sulphuric acid. The crude solid was digested with methanol and recrystallised from ethyl 
alcohol, forming stout transparent rods, m. p. 170—171° (Found: C, 78-6; H, 9-1. C,,H,,0, 
requires C, 78-4; H, 9-3%). 

epiSarsasapogenin.—A solution of 0-25 g. of sarsasapogenone in 200 c.c. of ether was kept 
vigorously stirred and treated with 7-5 g. of sodium in several portions, water being run in drop- 
wise at the same time. The dried ethereal solution gave on evaporation a solid residue, which 
was recrystallised once from cyclohexane and twice from acetone; it formed needles, m. p. 204— 
206° (mixed m. p. with sarsasapogenin about 187°) and gave no precipitate with digitonin 
(Found: C, 77-5; H, 10-6. (C,,H,,O, requires C, 77-8; H, 10°7%); [a]p — 71°, [e] 546, — 84° 
(¢ = 0-721 in chloroform) ; [a] 54¢;/[«]p = 1:19. Sarsasapogenin was recovered unchanged after 
a similar treatment with sodium in moist ether. 

Acetate. This was prepared as described above, and crystallised from acetone in plates, 
m. p. 192—193° (Found: C, 76-1, 75-9; H, 10-1, 10-1. C,,H,,O, requires C, 75-9; H, 10-1%). 

Smilagenin.—Powdered grey Jamaica sarsaparilla was extracted with alcohol, and the 
extract concentrated as decribed by Jacobs and Simpson (/oc. cit.); no solid genin was precipit- 
ated after acid hydrolysis even on cooling with ice. The liquid was then repeatedly shaken 
with benzene and water, causing a copious precipitation of a brick-red solid, which was removed 
by filtration. The benzene solution was separated from the aqueous one, roughly dried, and 
passed through a long column of active alumina, the column being successively coloured brown, 
brownish-red, and pink; there was a greenish colouring matter at the bottom of the column, 
which was not retained. The benzene solution on evaporation deposited smilagenin in very 
poor yield (about 1 g. from 10 Ib. of root). It was fractionally crystallised from acetone, long 
silky needles, m. p. 183—184° (m. p. 180° on mixing with sarsasapogenin), being obtained ; 
no other compounds appeared to be present. It is more soluble than sarsasapogenin and appears 
to form a hydrate when crystallised from methyl alcohol (compare Power and Salway, Joc. cit.) 


* We are indebted to Dr. R. K. Callow, of the National Institute for Medical Research, Hampstead, 
for determining the rotations recorded in this paper. 
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(Found: C, 77-6, 77-7; H, 10-7, 10-9. C,,H,4,O, requires C, 77-8; H, 10-7%). The rotation 
of smilagenin in chloroform is lower than that of sarsasapogenin, but higher in methyl alcohol : 
(o}2° — 69°, [c:]255, — 80°, o&546:/ap = 1-17 (c = 0-311 in chloroform), [a]? — 61°, [«]3%, — 70°, 
%5461/ep = 1-15 (c = 0-339 in methyl alcohol). 

Digitonide. The precipitation with digitonin was carried out as described above, but the 
mixture had to be kept for 6 days; a comparable yield of precipitate was then obtained. It was 
decomposed as before, and the aglucone identified by mixed m. p. 

The acetate, prepared as described on p. 1402, crystallised from methanol in fine silky needles 
resembling the aglucone in appearance, m. p. 150—151° (mixed m. p. with sarsasapogenin acetate 
ca. 118°), [a]? — 59-6°, [«]$, — 68-9° (c = 0-251 in chloroform), [a]54¢;/[a]p 1:16 (Found : 
C, 76-1; H, 10-1. C,,H,,O, requires C, 75-9; H, 10-1%). 

The benzoate, prepared in pyridine solution, crystallised from ethyl alcohol in fine needles, 
m. p. 181—181-5° (mixed m. p. with sarsasapogenin benzoate ca. 153°) (Found: C, 78-5; H, 
9-3. C,,H,,O, requires C, 78-4; H, 9-3%). 

Smilagenone.—0-5 G. of smilagenin in 6 c.c. of acetic acid and 0-3 c.c. of water were treated 
during an hour with 0-13 g. of chromic acid in 2 c.c. of acetic acid and 0-27 c.c. of water, added 
dropwise. The solution was then kept at 55° for 15 mins., diluted with water, and extracted with 
ether. The extract gave the ketone on washing, drying, and evaporation; fine needles, m. p. 
156—157°, from acetone (Found: C, 77-8; H, 10-3. C,,H,,O, requires C, 78:2; H, 10-2%). 
The ketone forms an oxime, crystallising in long glistening needles, m. p. 189°. 

Smilagenyl Chloride.—8 G. of phosphorus pentachloride in 7 c.c. of carbon disulphide were run 
during 25 mins. into an ice-cold solution of 1 g. of smilagenin (dried in a vacuum at 110° for an 
hour) in 8 c.c. of dry chloroform. The solution was treated with water, washed with sodium 
carbonate, dried, and evaporated. The residue of chloride (0-2 g.) formed fine needles, m. p. 
194—195°, after crystallisation from acetone (Found: C, 74-6; H, 10-0; Cl, 8-1. C,,H,4,;0,Cl 
requires C, 74-5; H, 10-2; Cl, 8-2%). 

Deoxysmilagenin.—The chloride (0-16 g.) in 16 c.c. of boiling amyl alcohol was gradually 
treated with 1 g. of sodium, the solution being then boiled for a further 1} hours. The cooled 
solution was washed with water and distilled in steam, the residue in the flask being extracted 
with ether. On evaporation and crystallisation from methyl alcohol, the deoxy-compound was 
obtained in long needles, m. p. 132—133° (Found: C, 81-3; H, 11-1. C,,H,,O, requires C, 80-9; 
H, 11-1%). 


The authors thank the Royal Society and the Chemical Society for grants. 


IMPERIAL COLLEGE, LONDON, S.W. 7. 
UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, June 8th, 1936.] 





304. Optical Rotatory Dispersion in the Carbohydrate Group. 
Part VII. The Glucal Series. 


By T. L. Harris, R. W. HERBERT, E. L. Hirst, C. E. Woop, and H. Woopwarp. 


THE rotatory powers of substances in the glucal series are of special interest because of 
the extraordinary contrast between the rotations of xylal and its derivatives and those of 
corresponding members in the glucalseries. For example, xylal (I, R = H) has[«]) — 254° 
whereas the value for glucal (II, R= H) is — 7°. This distinction is all the more 
remarkable since corresponding derivatives of xylose and glucose generally possess similar 
rotatory powers. Reference to the formule shows that in the pyranose series the only 
structural difference between the two series of substances lies in the substitution of one of 
the hydrogen atoms on C; of xylose by the group -CH,-OH. This involves one additional 
centre of dissymmetry in the glucose molecule as compared with xylose, but the rotational 
effect of this centre appears to be small in derivatives of the reducing sugar, where C, 
exerts a preponderating influence. 

On the other hand, in the glucal series both C, and C, have lost their ordinary 
dissymmetry, and the rotational effects depend on the centres at C,, C,, and C; in glucal 
and on those at C, and C, in xylal. The rotational difference between xylal and glucal 
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might therefore depend solely on the altered conditions due to the presence of the extra 
dissymmetric centre in glucal, but in view of recent work on induced dissymmetry other 
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possibilities arise also. Both xylal and glucal possess an unsaturated double bond situated 
in close proximity to a centre of dissymmetry. It was conceivable, therefore, that this 
double bond might acquire induced dissymmetry and so give rise to a partial rotation 
dependent on the absorption band of the unsaturated linkage. The head of this band being 
in the neighbourhood of 2000 A., the corresponding partial rotation in regions remote from 
the band would be of the form &/(4# — 0-04). Furthermore, since the inductive effect is 
caused mainly by the nearest dissymmetric centre, it would be expected, in view of the 
stereochemical arrangements at C, and C, in glucal and in xylal, that the induced term would 
have the same sign for both substances. The remaining partial rotations due to the 
saturated centres could obviously differ in both sign and magnitude for reasons explained 
above. 

In order to gain definite information on these points, we decided to investigate the 
optical rotatory dispersion and absorption spectra of a selected group of substances in the 
glucal series. These included diacetyl xylal (I, R = Ac), triacetyl glucal (II, R = Ac), 
cellobial (III, R = H), hexa-acetyl cellobial (III, R = Ac), lactal (IV, R = H), and hexa- 
acetyl lactal (IV, R = Ac). The observations were made by methods described in earlier 
papers and the detailed figures are given in the experimental section. Analysis of the 
results revealed that the data for acetyl xylal could be expressed by a single-term equation 
of the Drude—Natanson type having 9” = 0-049 approx. and fy negative in sign. The 
data for each of the other substances required for their quantitativé expression a two-term 
Drude equation of the ordinary type, a, = k,/(A® — A,”) — y/(A® — Ao”), in which 29? was 
again ca. 0-045, and the low-frequency term was negative in sign. The value of 4,” was 
approximately 0-025, and in view of results described in previous papers, this high-frequency 
term can be ascribed to absorption of light at the saturated linkages of the molecule. 


Rotatory Dispersion Constants. 


Substance. Solvent. s [a]p. A,?. A;?. Ro/Ry. 


Diacetyl xylal CHCl, —315° 0-049 ne seat 
EtOH —299 0-049 on am 


Triacetyl glucal CHCl, 0°045 0-028 —1-189 
EtOH 0°047 0°021 —1-130 


Hexa-acety] lactal CHCl, 0°04 0°02 — 1-249 


Hexa-acetyl cellobial CHCl, 0°047 0°02 —1°615 
Lactal H,O 0°0405 0°026 —0°714 
Cellobial H,0 0°045 0°02 —0°933 


The low-frequency term with 9? ca. 0-045 corresponds to an absorption band in the 
region A 2000—2200 A. It cannot therefore be associated with the saturated bonds, and 
since the same value of 49? appears in the equations for lactal, cellobial, and'their hexa-acetyl 
derivatives, it cannot be ascribed to induced dissymmetry of the carbonyl group in the 
acetates. It must therefore be connected with the double bond, which is known to absorb 
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strongly in the region of 2 2000, and the results now published provide clear evidence 
that in the glucal series the unsaturated linkage -C:C- can become dissymmetric under the 
influence of adjoining centres of dissymmetry. 

The observation that the sign of the induced term is the same in all the derivatives of 
glucal and xylal referred to in this paper is in accord with expectation (see above), and 
moreover, the absorption spectra of the various substances can be directly correlated with 
the character of the rotatory dispersion. It is apparent from Figs. 2 and 3 that solutions 
of lactal and cellobial are remarkably transparent for wave-lengths above 2 2300, below 
which the absorption curve rises with extreme steepness until at about 2 2050 (log ¢, 3-6) 
thete is change of direction suggesting a Fic. 1. 
maximum. The acetylated derivatives display 
a similar behaviour, giving curves which com- 60 
mence to rise steeply at A 2400. 

Reference to the detailed results shows fF 
that the rotations of substituted glucals in 
the visual region vary markedly with the sub- 
stituent, and lactal and cellobial provide a 
specially interesting contrast in this connec- 
tion. In the visual region, the rotation of 
lactal is positive ([«]) + 27°) and rises with 
diminishing wave-length to the maximum 
value, [«]3599 + 60°, after which it decreases, Wave-length, A 
crosses the axis, and reaches — 168° at 4 2505 
(Fig. 1). On the other hand, the rotation of 
cellobial is negative even in the visual region, 
and becomes increasingly negative as the 
wave-length decreases (Fig. 1). Now, cellobial 
differs structurally from lactal only in the 
disposition of the hydrogen and the hydroxyl 
group round C, of the second hexose residue. 
In the ordinary saturated derivatives of the 
sugars, this difference entails a smaller positive 
rotation for glucose derivatives as compared 
with the corresponding galactose derivatives, 
and in the present example it should operate 
therefore by diminishing the effect of the 
high-frequency term (,? = 0-02) relative to 
that of the induced low-frequency term 
(Ao? = 0-04). The equations show that this 
is actually what takes place, the ratio ky/k, being 0-93 for cellobial and 0-71 for lactal. 

The results indicate also that the difference in rotatory power between diacetyl xylal 
and triacetyl glucal is complex in origin. In the former, the partial rotations due to the 
saturated centres cancel out, leaving only the induced term, which then displays its full 
value in the observed rotation ; in the latter, which possesses an additional saturated centre, 
this compensation does not take place, with the result that the total rotation is made up of 
two terms of opposite sign, and the effect of the induced term is much less evident. 
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——— Rotatory dispersion of lactal in water. 
—-—--— Rotatory dispersion of cellobial. 





EXPERIMENTAL. 


Diacetyl Xylal.—Diacetyl xylal was prepared from tetra-acetyl xylose by Levene and 
Mori’s method (J. Biol. Chem., 1929, 88, 803). After purification by repeated distillation under 
diminished pressure (bath temp. 93—95°/0-1 mm.), it was a clear colourless syrup, }f" 1-4670. 
Its absorption spectrum in alcohol is shown in Fig. 3. 

3 : 4: 6-Triacetyl Glucal_—This was prepared by Fischer’s method (Ber., 1914, 47, 1, 199), 
and recrystallised from absolute alcohol-light petroleum; m. p. 54—55°, Its absorption 
spectrum in alcohol is shown in Fig. 3. 
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- Lactal in water and cellobial in water. bn Zw 2400 250, 2800 2000 


—-—-—-— Hexa-acetyl lactal in chloroform and n 
hexa-acetyl cellobial in chloroform. Wave-length, 
Triacetyl glucal in alcohol. 


——-—-— Diacetyl xylal in alcohol. 




















Data for diacetyl xylal. 
(a) In chloroform : c, 18°639; 7, 1 dm.; #, 20°; [a]20° = — 315-4°; 
, 17-673(A® — 0-0485) 20° — 5-365 
a” wee son. ceed eee cn SS = a). 
“% = — KF — 00485)? + Ooolo7A®’ Lala , 

A. Gobs.- Geaic.- Diff. A. Gobs.- Beale: 
6708 —43-70° —43°89° +0°19° 3904 —167°55° —167°65° 
6292 50°67 50°69 +0°02 3691 197°55 197-69 
6104 54°18 54°32 +0°14 3578 217°55 217-53 
5893 58°79 58°91 +0°12 3436 247°55 247°60 
5805 60°96 61-00 +0°04 3349 269°55 269°64 
5515 68°79 68°79 +0 3256 297-55 297°09 
5225 78°33 78°27 — 0°06 3169 327°55 327°31 
4887 92°41 92°21 —0°20 3119 347°55 347°11 
4595 107-55 107-74 +0°19 3051 377-55 377°47 
4311 127°55 127°33 —0°22 3012 397°55 396°97 
4085 147°55 147°42 —0°13 2974 417°55 417°60 


(b) In alcohol: c, 19°037; J, 1 dm.; #, 20°; [a}20° —298°6°; [a}9” = 5°253a) ; 
antl 17°04(A? — 0°049274) 
” (A® — 0049274)? + 0-001544)"" 

— 42°26 +0°08 3940 — 157°56 —157°47 
48°87 +0°04 3778 177°56 177°84 
52°34 +0°08 3590 207°56 207-54 
56-85 —0°01 3441 237°56 237°41 
58°87 —0°01 3314 269-06 268°97 
66°38 —0°01 3246 289°06 288-85 
75°55 —0°02 3204 302-06 302-38 
89°05 —0°07 3148 322-56 322°14 
89°06 +0°01 3061 357°56 357°38 

107°56 +0°13 2941 417°56 417°55 
122-06 —0°01 2833 487°56 487°07 
142-56 +0°08 2768 537°56 538-03 
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Data for 3:4: 6-triacetyl glucal. 
(a) In chloroform : ¢, 15°579; ¢, 20°; 7, 1 dm.; [a]? = —23°4°; [0]}0° = 6°419a) ; 
a, = 4:568/(A? — 0°0281) — 5-431/(A2 — 0-04475). 

A. @ebe.-  Gaaia,- Diff. A. Gobs.- alte’ Diff. A. Aobs.+ ache’: Diff. 
6708 —2°61° —2°58° —0-03° 4921 —6-15° —6:17° +0°02° 3267 —29°56° —29°54° —0-02° 
6495 2°88 2°30 —0°08 4707 7°05 711 +0°06 3166 34°57 3457 +0 
6137 3°20 3°26 +0°06 4294 9°55 967 +0712 3085 39°58 39°52 —0°06 
6104 3°29 3°31 +0°02 4085 # 11°55 11°56 +0°01 3003 46°09 45°97 —012 
5893 3°65 3°64 —0-01 3916 13°55 13°54 —0-01 2925 53°61 53°60 —0°01 
5805 3°77 3°79 +0°02 3788 - 15°55 15°42 —013 2847 63°62 63°35 —0°27 
5616 4°15 417 +0°02 3625 18°55 18°46 —0°09 2783 73°63 73°54 —0°09 
5515 4°35 439 +004 3499 21°55 21°50 —0°05 2732 83°64 83°57 —0°07 
5225 5°07 5°14 +0°07 3371 25°55 25°44 —O1l 


(6) In alcohol; c, 6°097; ¢, 20°; 7, 1 dm.; [a]20° = —13°8°; [a}}0° = 16°40a); 
a, = 1-1902/(A* — 0°02082) — 1°3447/(A® — 0°04658). 

6708 A —0°08 4580 —195 —194 —0O-0l 3261 —856 -—858 +0°02 
6495 , —O'll 4405 2°25 2:25 +0 3162 10°07 10°15 +0°08 
6137 , s —0°02 4262 2°55 256 +0°01 3067 12°07 12°07 +0 
6104 4 é —0°02 4107 2°95 296 +0°01 2987 14°09 14°14 +0°05 
5893 “ : —0°01 3998 3°35 3°31 —0°04 2912 16°60 16°58 —0°02 
5805 4 . oe 3864 3°85 3°83. —0°02 2840 19°61 19°57 —0°04 
5616 , , , 3747 4°35 438 +4003 2763 23°63 23°75 +0°12 
5515 3 . 3647 4°95 495 +0 2706 27°63 27°76 +013 
5225 . 3508 5°95 594 —O0Ol 2652 32°64 3258 —0°06 
4887 . ° +0 3384 7°05 709 +004 2609 37°65 37°39 —0°26 
4785 . 1°66 


Hexa-acetyl Lactal.—This was prepared from hepta-acetyl lactosidyl bromide by Bergmann’s 
method (Annalen, 1923, 434, 86) as modified by Haworth, Hirst, Plant, and Reynolds (J., 1930, 
2647). After recrystallisation from chloroform-light petroleum, it had m. p. 114°, [a]? — 17-2° 
in chloroform (c, 10-0). Its absorption spectrum in chloroform is shown in Fig. 2. 


Data for hexa-acetyl lactal. 
In chloroform : c, 10°0; J, 1 dm.; #, 20°; [a}30° = 10°0a); 
a, = 1°702/(A* — 0°02) — 2°126/(A* — 0°04). 

6292 —1°52 —145 -—0°07 . 4887 —2°97 -—2:91 -—0°06 3330 —11°54 —11:27 —0°27 
5893 1°72 172 +0 4512 3°53 3°72 +0°19 3175 13°95 13°92 —0°03 
5805 1°83 1:30 -—0°03 4000 5°53 556 +0°03 3138 14°55 1469 +0°14 
5515 2°00 2°06 ++0°06 3680 7°54 754 +0 3100 15°55 16°53 —0°02 
6225 240 240 +0 3475 9°54 939 —0°15 


Lactal.—Hexa-acety] lactal (above) was de-acetylated by methyl-alcoholic ammonia. The 
crystalline product, m. p. 191°, [«]p) + 27-5° in water (c, 1-6), was the anhydrous form. It was 
analytically pure, but contained a trace of impurity which strongly absorbed ultra-violet light. 
The lactal was dissolved in water, the solution boiled with charcoal, and evaporated under 
diminished pressure, giving a crystalline mass. The pure monohydrate of lactal was then 
obtained by crystallisation from aqueous alcohol (cf. Fischer and Curme, Ber., 1914, 47, 2047). 
The anhydrous form has m. p. 191°, but it is difficult to assign a definite m. p. to the hydrated 
form, which loses water when heated and melts between 160° and 190° according to conditions 
of heating. In making up the solutions for polarimetric work the hydrate was used, but for 
convenience, the concentrations quoted below are given in terms of anhydrous material. The 
maximum occurs at 13500 (obs. and calc.), the value of «, being 6-25° (calc., 6-14°). The 
absorption spectrum of lactal is shown in Fig. 2. 


Data for lactal. 
In water: c, 10°407; 7, 1 dm.; ¢, 20°; [a]20° -- 25° [a}Zo° = 

a, = 3°68/(A? — 0-026) — 2°627/(A® — 0°0405). 
6292 +249 42°56 -—0-07 4120 +545 45:28 +017 3047 
5893 , y —0°06 3845 5°94 P +0°21 2877 
5805 . . —0°03 3755 6°09 ‘ +0°23 2772 
5515 y ; —0°05 3475 6°24 5 +0°13 2703 
5225 5 3 —0°03 3258 6°08 3 +0°18 2611 
4887 . ¥ +0 3208 5°93 P +0°17 2505 
4375 ‘ . +0°10 3110 5°43 - +0°12 
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Cellobial.—Cellobiose octa-acetate was transformed into hexa-acetyl cellobial as described 
by Haworth, Hirst, Streight, Thomas, and Webb (J., 1930, 2638). The hexa-acetate was de- 
acetylated by methyl-alcoholic ammonia, and the cellobial so obtained was crystallised from 
methyl alcohol. This material, m. p. 177°, was colourless and analytically pure, but was 
contaminated like lactal. Further purification was effected by treatment with charcoal in 
aqueous solution, followed by crystallisation of the cellobial from methyl alcohol containing 
a little light petroleum. The substance then had m. p. 177°, [«]}?” — 0-3° in water (c, 7-57), 
and its aqueous solution was sufficiently transparent to permit measurement of the rotatory 
dispersion in the ultra-violet as far as 2978 A. Its absorption spectrum is given in Fig. 2. 


Data for cellobial. 
In water: c, 7°568; 7, 2dm.; #, 20°; [a]? = 6-60a) ; 
a, = 1°633/(A? — 0-02) — 1°524/(A2 — 0-045). 
5893 —0°04 —0°05 +001 4294 -—0°99 -—100 +0°01 3246 —614 —6'12 
5515 O13 013 +0 4009 1°55 156 +0°01 3172 7:14 7°14 
5225 0°23 0°23 +0 3711 2°56 257 ++0°01 3105 8°14 8°27 
4887 0°39 0-40 4 «6+0°01 3530 3°56 3°53 —0°03 3014 10°16 10°20 
4680 0°55 055 +0 3392 4°56 457 +0°01 2978 11°17 1l1l 
4490 0°75 0°74 —0O°01 3292 5°57 557 +0 


Hexa-acetyl Cellobial—Obtained by the method referred to above, this was prepared for 
spectro-polarimetric work by several crystallisations from alcohol; m. p. 135°. Its absorption 
spectrum is shown in Fig. 2. - 

Data for hexa-acetyl cellobial. 
In chloroform : c, 11°67; 7, 1 dm.; #, 20°; [a]20° —21-7°; [a}20” = 8°57a) ; 
a, = 1:098/(A* — 0°02) — 1°773/(A2 — 0°047). 
6292 —2°22 —2- —0°06 4054 —752 -—750 -—002 3106 —21°54 —2148 —0°06 
5893 2°53 f +0°02 3902 8°52 854 +0°02 3048 23°55 23°56 +001 
5805 2°65 4 +0 3776 9°52 9:59 +0°07 3000 25°55 25°54 —0°01 
5515 3°04 ‘ —0°01 3595 =6:11°53 1149 —0-°04 2957 27°55 2756 ++0°01 
5225 3°52 ‘ —0°01 3449 13°53 13°56 +0°03 2921 29°56 29°46 —0°10 
4887 4:22 4 +0°01 3338 15°53 15°52 —0-°01 2852 33°57 33°74 +0°14 
4774 4°52 ‘ +0 3247 17°53 1747 —0°06 2802 37°58 37°51 —0°07 
4467 5°52 551 —0-0l 3166 19°54 19°62 +0°08 2744 42°58 42°79 —0-21 


4219 6°52 658 +0°06 


Throughout the calculations, special attention was given to the possibility that equations 
having constants other than those given above might fit the data equally well. The observed 
rotations for diacetyl xylal reached the very high value of — 537° and it was soon obvious that 
no equation having A,” appreciably different from 0-049 could be considered. The data conform 
closely to the requirements of a single-term Drude equation and, as shown, can be accommodated 
precisely by a Natanson equation in which the value of the ‘“ damping factor’’ (0-001) 
corresponds approximately with an absorption band of half-width 300 A. This value is very 
reasonable, but it is of course possible that the deviations from the simple equation in regions 
remote from the band may be ascribed in part to small partial rotations due to other active 
bands. The total correction is, however, so small that such terms cannot be separated out, 
and it is clear that for this substance the character of the rotatory dispersion is accurately 
defined by the equation given. Each of the other substances investigated gave results which 
required for their expression two-term Drude equations, and, as explained in our previous 
papers, some variation in the calculated dispersion constants is then possible, especially when 
the observed rotations are small. Nevertheless, we have satisfied ourselves by numerous 
calculations that, in each equation given in the text, the constants recorded reveal correctly 
the general character of the dispersion, and that no serious variation in the values of the constants 
can be made without the introduction of discrepancies between observed and calculated rotation 


values, much beyond the range of possible experimental error. 


The authors are grateful to the Department of Scientific and Industrial Research for the 
award of a maintenance grant to one of them (H. W.), and to the Government Grant Committee 
of the Royal Society for a grant towards the cost of materials. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, July 23rd, 1936.] 
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305. Properties of the Oxides of Nitrogen. Part V. Combustion 
in the System Nitric Anhydride—Ozone.* 


By J. T. Lemon and T. M. Lowry. 


THE purpose of the present paper is to give an account of a novel type of combustion in 
gaseous mixtures prepared by passing ozonised oxygen over solid nitric anhydride. The 
remarkable phenomena associated with this combustion are being studied in detail by Mr. 
R. V. Seddon, and final conclusions as regards the mechanism of the process must await the 
results of his experiments; but the observations made up to the present are compatible 
with the conclusion that the active materials are ozone and a “‘ hyperoxide ”’ of nitrogen, and 
that the combustion may perhaps be represented by the equation NO, + O; = NO, + 
O, + Og. If this general conclusion is correct, the combustion is remarkable, not only for 
the unusual nature of the interacting components, but even more for the fact that two highly 
oxidised products actually burn with liberation of oxygen. 
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(&) Decomposition 
of mixture. 





(c) “Flame” striking back, (d) Stationary flame. 


Observations of Blue Colour in the Preparation of Nitric Anhydride.—When nitric anhydr- 
ide for use in experiments on the system N,O;-N,0, (J., 1935, 692) was prepared by pro- 
jecting nitrogen peroxide into ozonised oxygen from a capillary (Fig. a), the brown vapour 
was quickly decolorised, but on careful observation a distinct blue tinge could be seen along 
the lower edge of the brown jet. Similar phenomena were also observed in the converse 
process, when a fairly rapid stream of ozonised oxygen was passed over the surface of liquid 
nitrogen peroxide in a small “‘ trap” cooled with iced water. With the slower stream of 
ozonised oxygen used in preparing nitric anhydride, the almost colourless gas in the upper 
part of the trap was seen to be faintly blue; but this colour disappeared when the supply 
of nitrogen peroxide was cut off by freezing, and could not therefore be attributed merely 
to the presence of ozone. A much more intense local blue colour was often seen in the trap 
when the gases were suddenly mixed, ¢.g., by tapping the trap to promote evaporation of 
nitrogen peroxide and then cooling it in acetone and carbon dioxide snow. Much more 
striking was the appearance of a blue “‘ flame ” at the end of the inlet tube, where ozonised 

* A brief preliminary note appeared in Nature, 1935, 135, 433. 
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oxygen came into contact with the vapour of nitrogen peroxide when the latter was caused 
to evaporate rapidly; sometimes, indeed, the gaseous contents of the trap became ignited 
and burnt with a blue “ flame” which travelled through the faintly blue gas, leaving 
brown nitrogen peroxide behind it. 

Observations of a Blue Flame in the System N,O;-O3.—Much clearer evidence of com- 
bustion was obtained when attempts were made to determine the m. p. of nitric anhydride 
in presence of ozone (Lowry and Lemon, loc. cit.). The ozone in the escaping gases was then 
destroyed by passing them through a combustion tube heated by a small flame, and the 
oxides of nitrogen were absorbed by ferrous sulphate. Under normal conditions, with a 
tube of 1-2 cm. internal diameter and oxygen containing 8% of ozone, the faintly blue gas 
became brown when it approached within 2-5 cm. of the flame, but a deep blue colour was 
developed on a curved boundary of characteristic shape (Fig. 6) between the faintly blue gas 
and the brown products of decomposition. When the concentrations were favourable, 
this boundary “ struck back ”’ along the combustion tube and travelled with a character- 
istic flame front (Fig. c) towards the point of entry of the gas. On reaching the point of 
entry, the flame was usually extinguished, but it sometimes continued to burn as a station- 
ary flame (Fig. d), with a deep blue front, but without producing visible light or any marked 
development of heat. The size of the stationary flame could then be made greater by 
increasing the velocity of the gas. 

When the concentrations were rather less favourable, the ‘‘ flame ’’ sometimes oscillated 
slowly over a range of 1—3 cm.,and sometimes made a false start by travelling only a few cm. 
and then dying out. When the concentration of nitric anhydride became a little too low 
for the flame to strike back spontaneously, it could be caused to do so by turning off one of 
the taps and opening it again suddenly, so as to produce a rush of gas into the heated part 
of the tube. On further reduction of concentration, the boundary crept up to within 1-8 
cm. of the Bunsen flame; it also became fainter and more greyish, until it was scarcely 
perceptible, whilst the heated gases became very pale brownincolour. The best conditions 
for demonstration were obtained by passing ozonised oxygen (8%) through a U-tube of 
nitric anhydride cooled in ice; it then has a vapour pressure of 50 mm., as compared with 
120 mm. at 10°, 180 mm. at 15°, and 280 mm. at 20° (Daniels and Bright, J. Amer. Chem. 
Soc., 1920, 42, 1133). 

In the absence of ozone, the colourless vapour of nitric anhydride became brown at 
about 2 cm. from the Bunsen flame (as compared with 2-5 cm. when the oxygen was 
ozonised) and the boundary was less sharp. No blue colour was developed, and the brown 
products of decomposition tended to spread backwards along the roof of the tube. 

Velocity of Propagation.—The “‘ flame ” struck back very gently and with a velocity that 
became uniform after a slow initial propagation over a range of 5—10 cm. In a tube of 
1-1—1-2 cm. diameter, through which the gas was passing at a speed of 2-5 cm./sec., the 
observed velocities over a range of 50 cm. were: Forward, 17 cm./sec.; backward, 10 
cm./sec. The corrected velocities were : Forward, 14-5 cm./sec.; backward, 12-5 cm./sec. 
The true velocity of the flame was therefore 13-5 cm./sec., but it was carried forward with a 
velocity of about 1 cm./sec. by the expansion which accompanies the decomposition. 

Conditions of Ignition.—(a) Flame. The combustion tube was too hot to hold at the 
point, 2-5 cm. from the small Bunsen flame, at which the blue boundary was developed, but 
the temperature of ignition appeared to be below 100°, since small drops of water did not 
boil unless placed within 1-5 cm. of the Bunsen flame. A thermometer at a distance of 2-5 
cm. from the Bunsen flame registered 78—80° at the top of the tube and 65—67° at the side. 

(b) Steam. The ignition temperature of the gas was proved to be below 100° by the 
observation that the blue flame could be started by means of a steam jet outside the glass 
tube. This experiment can be shown in the most spectacular way by allowing a long tube 
to fill with the mixture and then applying a steam jet tothe middle. After about } minute, 
the mixture “ takes fire’ and the blue “ flame” travels towards both ends of the tube, 
leaving it filled with brown nitrogen peroxide. Under favourable conditions, it could be 
seen that the heated gases, just beyond the steam jet, first became a more intense blue, 
and then suddenly turned brown, as ignition took place. 

At concentrations of nitric anhydride which are too low for ignition, the steam jet 
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produces no visible change of colour; but, in the absence of ozone, the nitric anhydride is 
decomposed to a small extent, and the gases which have been heated by the jet are of a 
faint yellowish brown. 

(c) Spark. Aninduction coil, capable of producing 5-cm. sparks, was fitted to a spark- 
gap of 4—5 mm. in a tube through which the mixture was passing. Insufficient sparking, 
either with or without a condenser, produced a brown patch round the spark-gap, after 
which ignition was impossible. Sudden sparking of clean unburnt gas, however, sufficed 
to initiate the travelling flame. This might be a useful method for use in wide tubes where 
ignition with a flame is difficult. Platinum wires were used, since wires of ‘‘ sealing alloy ”’ 
(Fe, Cu, Ni) took fire and burned in the gas. In the absence of ozone, brown nitrogen 
peroxide was still produced, and continued to form in contact with the hot wires after the 
current had been switched off; but there was, of course, no ignition. 

Decomposition at Atmospheric Temperatures——A mixture of oxygen with 50 mm. of 
nitric anhydride and about 7% of ozone by weight had a faint blue colour, which was very 
obvious in a tube 93 cm. long and of 2-9 cm. external diameter. After 10—15 minutes the 
colour was fainter, and after an hour it had disappeared completely. After a further 14 
hours, when all the ozone had decomposed, the brown colour of nitrogen peroxide could be 
seen, and was increased to a maximum by fanning the tube with a flame. In the absence 
of nitric anhydride a blue colour could be seen in 8% ozonised oxygen, but it was thought 
to be not quite so strong as when nitric anhydride was present; the colour persisted for 8 
or 10 days, but the smell of ozone could be detected after a fortnight. 

In accordance with these observations, mixtures of nitric anhydride and ozonised 
oxygen could not be ignited after storing in Pyrex tubes for 12—20 minutes, since only a 
local cloud of brown nitrogen peroxide was produced where the tube was heated, without 
any blue flame or general decomposition of the mixture. The combustion can therefore 
be demonstrated only in freshly-prepared mixtures, on account of the rapidity with which 
ozone is decomposed in presence of oxides of nitrogen. 

Origin of the Blue Flame.—Hautefeuille and Chappuis (Compt. rend., 1881, 92, 80; 1882, 
94, 1112, 1306; Ann. Ecole Norm. Sup., 1884, 3, 103) showed that strong absorption bands 
in the red, and weak bands in the green, were produced by the action of a silent discharge on 
air. Since these bands were not given by ozone or by any known oxide of nitrogen, they 
were attributed to a new oxide of nitrogen, which the authors called “ pernitric acid.” 
A solid (apparently colourless) was frozen out by cooling to — 23°, and indirect analyses 
gave the empirical composition NO;. Twenty-five years later, Warburg and Leithauser 
(Ann. Physik, 1906, 20, 743; 1907, 23, 209) observed the same spectrum in mixtures of 
nitric anhydride and ozone, and attributed it to a “‘ substance Y ”’ of less than 1% of the 
concentration of nitric anhydride in a mixture containing 60 mm. of the anhydride and 
60 mm. of ozone. More recently, Schumacher and Sprenger (Z. phystkal. Chem., 1928, 136, 
49, 77; 1929, 140, 281; 1929, B, 2, 267; Z. angew. Chem., 1929, 42, 697) attributed the 
rapid decomposition of ozone in mixtures of the two gases (Tolman and White, J. Amer. 
Chem. Soc., 1925, 47, 1240) to an oxide of the formula NO, rather than N,Og, since its 
spectrum resembled that of NO, rather than N,O,. They could not confirm the suggestion 
of Trautz (Z. anorg. Chem., 1914, 88, 285; 1918, 102, 49) that this oxide might be formed by 
direct combination of nitric oxide and oxygen, but Zenghélis and Evangelidés (Compt. 
rend., 1934, 199, 1418) obtained it by the action of a silent discharge on nitric oxide. 

More recently, Schwarz and Achenbach (Ber., 1935, 68, 343) isolated a small quantity of 
nitrogen trioxide, NO , by the action of a glow discharge on (NO, + 200,) under a pressure 
of 1mm. On cooling in liquid air, a volatile white solid was obtained, which decomposed 
slowly above — 142°, but was shown by gas analysis to have the composition NO;. This 
white solid is presumably a colourless polymer of the blue gas with the characteristic 
absorption bands cited above. Since combustion in the system nitric anhydride—ozone is 
always associated with the development of a blue colour, which only appears when ozone 
and oxides of nitrogen are both present, it appears probable that the blue flame depends on 
the production and decomposition of the elusive trioxide, as represented by the equations 
N,O; + O, = 2NO, + O,, NO; + O3; = NO, + 20,, and NO, + NO,;——> 2NO, + Og. 
On the other hand, when once the combustion has been initiated, it is possible that nitric 
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anhydride may also be “ burned ”’ directly, according to a scheme such as N,O, + O, = 
2NO, + 20,. The kinetics of the reaction, which suggest a chain mechanism, will be 
discussed in a subsequent paper. 


The nitrogen peroxide was supplied in sealed glass tubes by Messrs. Imperial Chemical 
Industries, Ltd. (Explosives Group). The ozoniser has already been illustrated (J., 1935, 695). 


SUMMARY. 


When ozonised oxygen is passed over nitric anhydride, a gas with a blue tint is produced, 
which probably contains nitrogen trioxide, NO3;. When the mixture is passed through a 
combustion tube, it can be ignited by the heat of a flame or by a steam jet playing on the 
outside of the tube. A blue flame front is then propagated forwards and backwards, 
with a velocity of the order of 12 cm. per sec. in a tube of 1 cm. diameter, leaving behind it 
the brown colour of nitrogen dioxide. The combustion may be attributed to the inter- 
action of two highly oxidised gases, which burn with liberation of oxygen, according to an 
equation such as NO, + O, = NO, + 20,. 


We are indebted to Messrs. Imperial Chemical Industries, Ltd., for a maintenance grant 
(to J. T. L.) whilst this research was in progress. ‘ 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. J | (Received, June 29th, 1936.]} 





306. Studies of Phosphates. PartIV. Pyrophosphates of Some Bivalent 
Metals and their Double Salis, and Solid Solutions with Sodium 
Pyrophosphate. 

By Henry BaAssETT, WILLIAM L. BEDWELL, and JAMES B. HUTCHINSON. 


THE considerations which led Werner to his theory of co-ordination were largely based upon 
salt hydrates. It was chiefly those hydrates which contained 4 or 6 molecules of water 
per atom of metal which came under review. The co-ordination theory has given a very 
satisfactory explanation of these, but numerous salt hydrates exist for which no adequate 
structural ideas have been evolved. This is especially true of those containing relatively 
small amounts of water. Sidgwick’s maximum covalency rule (1924) tells us the maximum 
co-ordination number which an element can have, but we have little guidance as to the 
lower values which are possible. Are any values below the maximum possible, or only 
certain values? There is considerable evidence that only even values of the co-ordination 
number and the zero value are possible, in normal circumstances, for hydrated salts and 
similar compounds. The term co-ordination is used in Werner’s sense to mean a unit 
(held together by covalencies) which, if sufficiently stable, may persist as an ion in solution. 
It is not used in the crystallographic sense to indicate a purely spatial arrangement. 

Evidence is accumulating which indicates that rearrangements and adjustments may 
occur in hydrates which contain small numbers of water molecules so that a part, if not the 
whole, of the kations may have a higher even co-ordination number than appears at first 
sight possible. Linkage of two or more metal ions by water molecules appears to be a very 
important factor in such adjustments (Bassett and Croucher, J., 1930, 1784; Bassett 
and Sanderson, J., 1932, 1855; Bassett et al., J., 1933, 151; Bassett and Lemon, idid., 
p. 1423; Bassett and Sanderson, J., 1934, 1116). 

The formation of solid solutions, often of an unexpected nature, has been very helpful 
in indicating the possible nature of several compounds (cf. the above references and also 
Bassett and Bedwell, J., 1933, 877). 

An examination of the pyrophosphates of bivalent metals has now been made, and a 
marked tendency for the formation of solid solutions containing sodium has been found, 
although definite double salts also occur. The observed hydrates, double salts, and solid 
solutions fit in well with the views (a) that the water molecules are distributed so as to give 
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kations with even co-ordination numbers, and (b) that replacement of [M(H,O),]” by 
[Na,(H,O),}"° or of [M(H,O),}" by 2Na* occurs owing to approximate equality of molecular 
volumes. Such replacement may go to completion, in which case definite double salts 
result, or it may be only partial. In one instance the whole range of solid solutions was 
obtained from the pure pyrophosphate to the pure double salt. Formation of definite 
double salts sometimes enables one to distinguish between two possible structures for the 
parent compound M,P,0,,*H,O. 

Our theory gives a clue to the nature of these pyrophosphates, and of other compounds, 
which could scarcely be obtained from analysis alone. It enables one to foresee and 
understand double salts which might be considered ridiculous from their formule alone. 
We are not attempting to give a full account of the crystalline structure of these compounds: 
that may ultimately be done by the help of X-rays when sufficiently well-developed crystals 
can be obtained. 

If equivalent amounts of MCl, and Na,P,O, solutions are mixed, the amorphous 
precipitate persists indefinitely without becoming crystalline. The precipitates are easily 
soluble in sulphurous acid, and crystalline hydrated pyrophosphates are deposited when 
the sulphur dioxide is removed (Schwarzenberg, Annalen, 1848, 65, 133). Baer (Pogg. 
Ann., 1848, 75, 152) used acetic instead of sulphurous acid, but this method is restricted 
to the pyrophosphates of magnesium, cobalt, and nickel, since the others are insoluble 
in acetic acid. The use of acid, especially at temperatures above the ordinary, is, however, 
restricted by the danger of hydrolysis to orthophosphate. We find that, at the ordinary 
temperature, mixtures will keep for months or even years without any detectable 
orthophosphate formation in absence of acid. This is largely true also of acid mixtures 
at room temperature, but not for temperatures above about 50°. 

The amorphous pyrophosphates (except those of manganese and cadmium) are, as a 
class, readily soluble in excess of alkali pyrophosphate, and a variety of crystalline products 
is obtainable from such solutions. The statement, sometimes made, that the amorphous 
pyrophosphates are soluble in excess of MC], seems to be erroneous. It is for this reason 
that it is almost impossible to obtain crystalline products from mixtures containing excess 
of MCl,. Magnesium and nickel were almost the only metals with which this could be 
done, and this is because their pyrophosphates have an appreciable solubility in pure 
water. r 

Almost all the early work on the simple and double bivalent metal pyrophosphates 
was done by Persoz (Aun. Chim. Phys., 1847, 20,315; Annalen, 1848, 65, 163), Schwarzen- 
berg (loc. cit.), Baer (loc. cit.), or Fleitmann and Henneberg (Amnalen, 1848, 65, 387). As 
a rule, the products analysed by these workers had been dried at 100°, so that many of 
the hydrates they mention are doubtful. 

Pahl (Ofvers. K. Vet. Akad. Férh., 1873, 30, 29; see also Bull. Soc. chim., 1873, 19, 
115; Ber., 1873, 6, 1465; 1874, 7, 478) prepared a number of pyrophosphates of bivalent 
metals, and double salts with sodium or potassium pyrophosphate. He gives more details 
about the method of preparation than do the earlier workers but, like them, says nothing 
about concentrations or proportions of reactants. It is therefore very difficult to repeat 
any of the older work. His analytical figures frequently differ considerably from those 
calculated for the formule assigned by him. We have failed to obtain some of the 
compounds given in the older work, in spite of repeated attempts. The only recent paper 
of importance on pyrophosphates is one by Rosenheim ¢é al. (Z. anorg. Chem., 1926, 158, 
126), who regard all the double pyrophosphates of bivalent metal and alkali metal as 
complex salts containing the whole of the bivalent metal in the anion. The fact that the 
mother-liquors, from which the salts have separated, do not always give positive reactions 
for the bivalent metal kations is an unsound argument for a similar complexity in the 
solid which separates. The double salts in most cases separate from solutions containing 
a far greater proportion of the alkali pyrophosphate. They are themselves too insoluble 
in water for direct tests to be applied. Pink cobalt compounds which, because of their 
colour, appear to be entirely kationic can separate from blue pyrophosphate solutions 
in which probably there are anionic cobalt complexes. Such behaviour we believe to be 
common. The compound 3Na,P,0,,Cu,P,0,,32H,O is the only double pyrophosphate 
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obtained by us which appears certainly to be complex and to contain the copper in the 
anion. It forms dark blue prisms and is easily soluble in water without decomposition. 
All the other compounds now described are very insoluble. When they are coloured, the 
colours are those which we attribute to the bivalent metal in the kationic condition, and 
probably all are true double salts which exist only in the solid state and contain all the 
alkali and bivalent metal as kations. 

In the tables which follow, the double salts and solid solutions have been referred to 
their “‘ parent’’ hydrates. In calculating these, [Na,(H,O),]" is supposed to replace 
[M(H,O),]"" in the higher hydrates while Na‘, replaces [M(H,O),]" in lower hydrates. 
Where solid solutions are partly acidic, [H,(H,O),]" is supposed to replace [M(H,O).]”. 

In calculating the “ parent’ hydrates, small adjustments of the analytical figures 
have been made in a few cases. These are always shown in the tables, and have been 
made so that (a) the complete analysis may add up to 100%, and (0) total base may 
correspond to P,O;. The adjustment for correspondence of base and acid was made only 
in those cases where the slight disagreement was most probably due to analytical error. 
In other cases, large disagreements were certainly due to a real acidity of the preparations. 

In some cases pure “‘ parent ”’ hydrates are obtainable, in other cases only pure double 
salts. Ina few cases a wide range of solid solutions can be obtained, and in others a very 
restricted range. The chief determining factors are (a) the structure of the “‘ parent ” 
hydrate, and (b) the conditions under which it is obtainable. If the structure is such that 
replacement by sodium is possible, and if, in addition, the complex only separates in 
presence of a high concentration of sodium pyrophosphate, it naturally follows that 
replacement: by sodium tends to go as far as the “ parent’s ’”’ structure permits. 

Another very important point is that solid solutions will, in nearly all cases, be under a 
certain amount of strain due to the fact that the replacing ions or groups seldom have 
precisely the same dimensions. This tends to make them metastable towards either pure 
double salt or pure “ parent hydrate ”’ and, in such cases, the pure double salt will be 
crystallographically more different from pure parent hydrate than in cases where inter- 
mediate solid solutions can be obtained. It is not surprising, therefore, that intermediate 
solid solutions are not obtainable in all cases where the views outlined above would lead 
one to expect them. They are the exception rather than the rule, as they require so many 
conditions to be favourable. 

Complete analyses were made in all but a few cases where it was not considered necessary 
or where material was scarce. Although great care was taken with the analyses, the 
assignment of formulz (e.g., M,P,0,,2‘3H,O rather than M,P,0,,2-3H,O) depends partly 
upon general considerations such as the multiple required to give a whole number of water 
molecules. Fine distinctions of this sort cannot be made from the analyses alone. All 
preparations were carefully examined, so far as possible, with the petrological microscope. 

The homogeneity of preparations could be established with considerable certainty 
even when they were so fine that little more than refractive indices could be determined. 
In cases where crystalline condition was better developed, the optical characters and 
crystallographic system were examined as fully as possible. All the compounds obtained 
appear to be either orthorhombic or monoclinic. 

Few of the compounds are well crystallised. In many cases individual crystals are 
very small, and require the use of a }’’ objective. This is the more surprising, at first 
sight, because they are frequently in equilibrium with solutions in which the gross solubility 
of the pyrophosphate in question is relatively large. This behaviour is quite consistent 
with our views which attribute relatively complex structures to many of the compounds, 
composed of several different ions some of which may be present in the solution in only 
very low concentrations. The compounds behave, in fact, from the point of view of their 

capacity to crystallise, as if they had extremely low solubility, and their behaviour towards 
pure water agrees with this. 

Even when the glittering appearance and examination with a pocket lens suggest that 
a preparation is well crystallised, the microscope shows ill-developed intergrown crystals 
which are very difficult te study. It thus happens that analytical evidence is not always 
supported by optical evidence, since the latter is mainly negative. When preparations 
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yielding similar analytical figures can be obtained by different methods, and when they 
remain unchanged for months in contact with the mother-liquor, we feel justified in 
regarding them as definite compounds even when unable to determine any very 
characteristic optical data. In other cases, a well-defined metastable hydrate slowly 
changes in contact with mother-liquor till a new limiting water content is reached, and 
the product may justifiably be regarded as a definite compound. In some cases a well- 
defined hydrate of one metal may give valuable support for similar but less well-defined 
hydrates of other metals. 

Details of preparation, etc., of each compound are summarised in the tables. Most 
of the compounds are really metastable, and this renders the reproducibility of the 
preparations somewhat uncertain. 

A brief discussion of each parent hydrate and its _— solid solutions and double 
salts is now given. 

None of these crystalline hydrated pyrophosphates chow any “‘ glowing ” phenomenon 
(see J., 1933, 854) on sudden strong ignition over a blowpipe, or, as a rule, any sintering 
when free from sodium. They generally melt when more than about 3% Na,0O is present. 

The polynuclear kations postulated in various compounds have the following structures, 
all linkages being through the oxygen of water molecules. 
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We regard Co,(PO,),,8H,O as typical of compounds containing the [M,(H,O),]” ion. 
The complete absence of sodium from the crystals, even when they separate from solutions 
containing a high sodium-ion concentration (see Part II; J., 1933, 874), is important as 
it indicates the absence of either [Co(H,O),]" or [Co(H,O),]" kations and so excludes the 
structure [Co(H,O),][Co(H,O),][PO,]>. 

Octahydrates.—The octahydrate is the highest which could be obtained, and that only 
with cobalt, though there are strong indications of a nickel octahydrate, even more unstable 





1416 Bassett, Bedwell, and Huichinson : 


towards lower hydrates than the cobalt compound. The nickel double salt 
Na,P,0,,Ni,P,07;,12H,O was obtained, and can be derived from the parent hydrate 
[Ni(H,O),],P,0, by replacement of half the [Ni(H,O),] by [Na,(H,O),]. The pure 
cobalt double salt was not prepared, as it is too unstable towards Na,P,0,7,3Co,P,0,,20H,O, 
and only mixtures with this compound could be obtained. The cobalt octahydrate is too 
unstable to be obtained in other than a very finely divided, possibly amorphous, condition. 

Heptahydrates.—A heptahydrate could be obtained only with magnesium, and even 
this is difficult to prepare owing to its instability towards lower hydrates. It is suggested 
that it has the structure [(H,O),MgH,OMg(H,O),)P,0, in which two 4-co-ordinate 
magnesium atoms are linked by one water molecule. The apparent absence of any double 
salt or solid solutions containing sodium derivable from a heptahydrate agrees with such a 
structure. The closeness with which the amorphous precipitate approximates to a hepta- 
hydrate is noteworthy: the alkali possibly present in this case was probably adsorbed ; 
some is nearly always present in amorphous pyrophosphate precipitates. The amorphous 
solid was returned to its mother-liquor, and in the course of 32 months gradually became 
well crystallised. Analysis of the crystals corresponded exactly to Mg,P,0,,7H,O, but 
microscopic comparison and other tests showed them to be the orthophosphate 
MgHPO,,3H,O. Hydrolysis to orthophosphate appeared to be connected with the growth 
of green alge in the mother-liquor. 

6-5-Hydrates.—There is some evidence that the 6-5-hydrate is a definite stage, but 
magnesium and nickel are the only metals yielding preparations in which no signs of 
inhomogeneity could be detected. The magnesium compound appears to be very unstable 
towards Mg,P,0,,6-25H,O. 

6-25-Hydrates—This stage of hydration was only obtained with the pyrophosphates 
of magnesium and nickel. The magnesium compound yields a wide range of solid solutions 
with Na,P,0,,3Mg,P,0,,21H,0 as the limiting double salt. The grain size of the crystals 
is very small, but careful study with the petrological microscope showed no signs of 
inhomogeneity. 

Pahl (loc. cit.) describes a similar copper salt, Na,P,0,,3Cu,P,0,,21H,O, which we have 
failed to obtain. Two alternative structures for the parent hydrate, Mg,P,0,,6-25H,O, 
by complete replacement of [Mg(H,O),]* by [Nag(H,O),]" could give the double salt actually 
found ; they are (a) [Mg(H,0),]4{Mgo(H 0) ¢]s[Mg(H,0)s]_[P,07], and 

(6) [Mg(H,O)4]4{Mgo(H20) ¢]s{Mgs(H,0) .].[P,07]¢. 
As a rule, sodium replacement does not go beyond that required for 
Na,P,0,,3Mg,P,0,,21H,O, 

even when the double salt crystallises out alongside Na,P,0,,10H,O. It was found, 
however, that the sodium oxide content could be raised to 10-07%, as compared with 
9-45 % required by the double salt, if much sodium chloride was added to the mixture from 
which it separated. This supports structure (a) rather than (0d), for after all [Mg(H,O),]" 
had been replaced, further entry of sodium could occur by replacement of [Mg(H,O).]” 
by Na’,. Structure (a) also agrees better with the marked tendency for acidic solid solutions 
to be formed from Ni,P,0,,6-25H,O owing to replacement of [Ni(H,O),]"" by [H,(H,O),)”°. 

In structure (a) one-eighth of the metal is 2-co-ordinate, but in (0) it is all 4-co-ordinate. 
Alternative structures in which all the metal is 4-co-ordinate are possible, but they would 
not lead to Na,P,0,,3Mg,P,0,,21H,0 as the limiting double salt. 

One unusually well-crystallised magnesium preparation was obtained which may be 
regarded as the limiting double salt derived from a third form of Mg,P,0,,6-25H,O with the 
structure [Mg(H,O),]-[Mgo(H,O).,].[Mg3(H,O).]s[P,07],,, in which all the metal is 
4-co-ordinate. By replacement of all [Mg(H,O),] by [Na,(H,O),]” this would give the 
double salt 7Na,P,0,,25Mg,P,0,,172H,O. The substance in question has almost exactly 
the composition required for such a double salt, and in view of the large proportion of 
sodium pyrophosphate compared to magnesium salt used in its preparation, it is highly 
probable that replacement by sodium had gone as far as possible (compare the case of 
Na,P,0,,3Mg,P,0,,21H,O). The preparation consisted of single rectangular crystals 
which were certainly homogeneous and had a much higher birefringence than any other 
magnesium preparation, which is the chief reason for putting it in a separate class. 
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The Ni,P,0,,6-25H,O preparations are all poorly developed crystals. They consist 
of minute rhombohedra, usually assembled in layers to form a much larger aggregate, 
not easily crushed into its constituent rhombs. This makes it very difficult to examine 
the crystal properly. The rhombs seem to give straight and oblique (possibly symmetrical) 
extinction ; « varied from 68° to 86°. Biaxial, either monoclinic or orthorhombic. Average 
nm about 1-58 and birefringence about 0-02. The chief evidence for the entity of the 
compound is (a) the large number of samples obtained under different conditions, (b) their 
stability in the mother-liquor, (c) the fact that fine and coarse material of the same 
preparation, separated by decantation, have the same composition. 

Hexahydrates.—Of the hexahydrates, that of cobalt is well crystallised, and the best- 
defined member of this group, whereas the double salt Na,P,0,,3Co,P,0,,20H,O is one of 
the most striking of all the sodium double pyrophosphates. Magnesium pyrophosphate 
also forms a hexahydrate, but its development is poorer than that of the cobalt salt. It 
gives rise to solid solutions containing sodium, but none were obtained containing the full 
amount required by the limiting compound Na,P,0,,3Mg,P,0,,20H,O. No intermediate 
solid solutions were obtained in the case of cobalt, but only the pure double salt, which is 
orthorhombic. The magnesium compound is probably orthorhombic too, but its develop- 
ment was not good enough to prove this. The double salts can be derived from a parent 
hydrate M,P,0,,6H,O, with structure either (a) (M(H,0),4][M,(H,0) ¢][M(H,0)2][P207]2 
or (b) [M(H,0),][Mg(H,0)q][P,Oz], by replacemient of all [M(H,0)4]” by [Nag(H,0),]” 

The pure cobalt pyrophosphate hexahydrate is monoclinic, and as it seems to be 
incapable of taking sodium into solid solution we suggest that it has the structure 
[Co.(H,O),]P,0,, with one binuclear kation in which both cobalt atoms are 4-co-ordinate. 

Manganese and cadmium yield another type of double salt, Na,P,0,,M,P,0,,8H,O, 
previously obtained by Pahl and by Rosenheim (locc. cit.), which can be derived from still 
a third form of the hexahydrate with the structure [M(H,O),]"[M(H,O),]"P,0,”"". The 
evidence for this lies in the fact that the composition of these double salts shows a small 
but significant range of composition. Solid solutions can be obtained which contain 
either more or less sodium than corresponds to the pure double salt. In the case of 
manganese it is difficult to get a larger proportion of sodium into the compound than 
corresponds to the pure double salt, for the latter appears to be the stable compound in 
equilibrium with both solid Na,P,0,,10H,O and saturated solution at room temperature. 
In the case of cadmium, conditions are reversed, and it is easier to get solid solutions 
containing more sodium than corresponds to the pure double salt. One sample containing 
less sodium than the pure double salt was prepared at 100°, but at this temperature there 
is a general tendency to form lower hydrates, so the method could not be extended. All 
the manganese and cadmium preparations appear to be perfectly homogeneous. They are 
fairly well crystallised, and their forms are quite distinct from those of pure Co,P,07,6H,O 
or of the double salt Na,P,0,,3Co,P,0,,20H,O. The variations in composition of the 
solid solution which can be produced are small. Several strongly acidic nickel preparations 
were obtained which appear to be derived from the same form of the hexahydrate as are 
the manganese and cadmium double salts. 

Pentahydrates—The pentahydrate is the lowest obtainable in the case of copper and 
zinc. The zinc compound is comparatively well crystallised and well defined. The results 


_obtained with the other metals make it highly probable that they, too, yield similar 


compounds, but their crystaliine development is too poor for satisfactory microscopic 
examination. The situation is also rendered difficult because the pentahydrates result 
from decomposition of higher hydrates in some cases, whilst in others they tend to change 
into lower hydrates. 

The freedom of the zinc pentahydrate from sodium indicates that the structure is 
probably [(H,O)Zn(H,O),Zn(H,O)]}P,0,. With other metals alternative structures, such 
as [M,(H,0) _][M(H,0) glelP20,]2, appear to occur, in which replacement of [M(H,O).]” 
by Na’, is possible and solid solutions are formed. 

The results with zinc show that an apparently amorphous precipitate may have 
essentially the same composition as a well-crystallised preparation. The fact that the 
pentahydrates of magnesium, manganese, cobalt, and nickel appeared to consist of some 
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relatively well-crystallised and some very fine material does not show that they were 
really mixtures, since crystal growth with these very sparingly soluble substances is very 
slow. Pahl (loc. cit.) obtained the copper pentahydrate. 

4-2-Hydrate.—There is one somewhat doubtful representative of this group, formed by 
copper. It takes sodium into solid solution slightly beyond the amount required for 
complete replacement of [Cu(H,O),)” by [Na,(H,O),]” in 

[Cu(H,0),4),[Cu(H,0).][Cus(H,0)s3]s[P,07]5 
to give Na,P,0,,4Cu,P,0,,17H,O. Small replacement of [Cu(H,O),]" by Na*, may occur 
as well. 

Tetrahydrates.—These appear to represent a definite hydrate stage, separating from 
relatively dilute solutions at temperatures well above that of the room, although the copper 
compound may also be formed at room temperature. All the preparations are either too 
finely divided or too irregular for satisfactory microscopic examination. There seems to 
be a tendency for sodium to go into the compound. This suggests that the metal ions in 
the solid are now all 2-co-ordinate, with the structure [M(H,O),].[P,0,]; Na‘, can replace 
[M(H,0),]”. 

A few results are given for several metals, but it is difficult to get consistent results ; 
the optical evidence is weak, and although the existence of tetrahydrates of these metals 
is probable, they are not as well established as could be wished. The copper salt, at least, 
seems definite, since decomposition of the pentahydrate stops at the tetrahydrate stage. 

3%-Hydrate-—The only well-defined member of this group is the double salt 
8Na,P,0,,7Zn,P,0,,23H,O, which is readily derived from Zn,P,0,,3$H,O if this has the 
structure [Zn(H,O),)[Zn(H,O).],;[Zn.(H,O)3],[P,0-],;. Replacement of all [Zn(H,O),)” 
by [Na,(H,O),]" and all [Zn(H,O),]" by Na’, gives the double salt. There is also an ill- 
defined Mg,P,0,,3$H,0, and solid solutions which appear to be derived from 
Cu,P,0,,3§H,O. The zinc double salt appears to be metastable at 100° towards 
2Na,P,0,,2Zn,P,0,,5H,O derived from Zn,P,0,,3-25H,0. 

3-6-Hydrates.—Manganese, zinc, and copper each form a hydrate which is probably 
of this type. The preparations are moderately well crystallised and somewhat similar 
in appearance. They do not seem to be the 3%-hydrate, although the analytical figures 
do not prove that conclusively. It is just possible that the copper compound is a 
34-hydrate. 

3-25-Hydrates.—No parent hydrate of this type, free from sodium, has been obtained, 
but the well-defined double salt 2Na,P,0,,2Zn,P,0,,5H,O would, by our method, be derived 
from such a hydrate by replacement of [Zn(H,O),]" ions by Na’,. The great tendency 
to form the double salt suggests that such replacement is complete, and supports the view 
that both [Zn,(H,O);}'" and [Zn,(H,O),/'" ions are present, and that the structure of the 
parent hydrate is [Zn(H,O),],[Zn,(H,O)3)[Zng(H,O).|[P.07],. Pahl (loc. cit.) probably 

obtained this compound, but his statements are not clear on the matter. 

Trihydrates.—Certain cadmium preparations correspond very closely to this stage of 
hydration, and copper gives a double salt and solid solutions derived from the trihydrate. 
The pure double salt can be crystallised out in very small amounts alongside the blue 

anionic complex salt. It is very pale blue, almost white, and very sparingly soluble, 
having, in fact, the characteristics of a double salt in which all the metal is kationic. It 
has the formula 8Na,P,0,,7Cu,P,0,,13H,O, which is derivable from a parent hydrate 
having the structure [Cu(H,O),]so[Cug(H,O),],;,Cu[P,07]59 by replacement of all 
[Cu(H,O),]" by Na‘. In our preparation all but 0-45CuO (see p. 1427) has been replaced 
by Na,O, but under other conditions replacement by sodium proceeds only to a small 
extent. 

2%-Hydrates.—This appears to be a definite type of hydrate, and cobalt yields a fairly 
well-defined compound 3Na,P,0,,9Co,P,0,,20H,O, which, according to our view, is derived 
from a parent Co,P,0,,2%H,O, with structure [Co(H,O),] ¢{Co.(H,O)3}],[Co.(H,O)s]-[P20 7] 10, 
by complete replacement of [Co(H,O),|" by Na‘,. All the cobalt in this parent hydrate 
is 2-co-ordinate. There was some indication of a similar magnesium double salt, and with 
cadmium the pure hydrate Cd,P,0,,2$H,0, free from sodium, was obtained. It is unstable 
in its mother-liquor at 100° towards Cd,P,0,,2}H,0. 








—-. eater A Aen mlCUCUreTlUCO CULO OF 


ee 














Studies of Phosphates. Part IV. 1419 


24-Hydrates.—This is the lowest hydrate we have obtained. It practically always 
contained some sodium, and in the case of zinc the amount was such as to indicate 
3Na,P,0,,9Zn,P,0,,16H,O as the limiting compound. Several of the preparations were 
notably acidic. Those of manganese and zinc were well crystallised, though individual 
crystals were small, and very close examination with the petrological microscope could 
detect no sign of heterogeneity. On the basis of [Na,] or [H,(H,O),] replacing 
[M(H,0),]", the parent hydrates agree very closely with M,P,0,,24H,O in all cases, 
especially if the small amount by which the total of the analytical results exceeds 100 is 
deducted from the percentage of water as given by the loss on ignition. With all 
preparations containing sodium, and with the zinc preparations in particular, the heating 
has to be done very carefully, first to a low temperature for some time, or high results 
for water are obtained owing to loss of sodium oxide. 

The nature of the limiting double salt with zinc suggests that the structure of the parent 
hydrate is [Zn(H,O)9],[Zn,(H,O).],Zn[P,O,], sather than [Zn(H,O),}.[Zng(H,O)9]5[P2O7]<, 
for the latter would lead to a limiting double salt Na,P,0,,5ZnP,0,,10H,O containing only 
6°3% Na,O. As the manganese and cadmium preparations appear to be microscopically 
similar to that of zinc, they probably all have similar structures. It is to be presumed 
that in this case the structure in which all the zinc is 2-co-ordinate does not pack so well as 
the alternative one. 

Solid Solutions in Sodium Pyrophosphate Decahydrate-—Sodium pyrophosphate 
crystallises from solution at ordinary temperatures as a decahydrate in well-formed, 
clear crystals, but those crystals obtained from solutions containing cobalt or nickel were 
distinctly pink or green. Well-marked, absolutely clear crystals show these colours, 
which must be attributed to solid-solution formation. The extent of this has been examined 
in the case of all the metals dealt with in the present work, and the results are shown on 
p. 1428. The greatest tendency to solid-solution formation in Na,P,0,,10H,O is found 
with cobalt and nickel, since solutions saturated with respect to the decahydrate can retain 
considerable amounts of the cobalt or nickel pyrophosphate in solution. Exacily the 
opposite applies to manganese and cadmium, and no evidence of solid solutions could be 
obtained with them. Magnesium and zinc pyrophosphates are about one-third as soluble 
in Na,P,0,,10H,O as are the cobalt and nickel compounds. The case of copper is 
important, for its pyrophosphate is very soluble in sodium pyrophosphate solutions, but 
the stability of the anionic complexes is so great that in those solutions from which 
Na,P,0,,10H,O can separate there can be few [Cu(H,O),]" ions to go into solid solution. 
The value 0-007 % found for the content of CuO in the Na,P,0,,10H,O may or may not 
represent a real solubility in those crystals, but it does show that the much higher results 
obtained with the other metals cannot be due to mechanical contamination of the deca- 
hydrate crystals with mother-liquor : if they were, just as high results should have been 
found for the copper content of the crystals. 

Our theory of replacement at once enables an explanation of these solid solutions to be 
given, and at the same time gives a reasonable interpretation of the nature of 
Na,P,0,,10H,O. The evidence suggests that this compound is 

. ' [Na(H,O),]e{[Nag(H,0),)[P,0,]. 
The solid solutions are due to replacement of some [Na,(H,O),]"* by [M(H,O),]”°, the reverse 
. process of that hitherto considered. Naturally, this replacement can only occur to a small 
extent owing to the low concentration of [M(H,O),]” ions in the solution and the great 
excess of sodium. 

The Compound Na,Cu(P,0,).,16H,O or 3Na,P,0,,Cu,P,0,,32H,O.—This compound 
is entirely different from any of the other double pyrophosphates. Its great solubility 
and deep blue colour indicate an anionic structure. Its behaviour towards potassium 
chromate and ferrocyanide also shows that the copper is present in a complex ion, though 
one of low stability. All the other copper sodium pyrophosphates are very pale blue, 
almost white, and insoluble. 

No solid anionic complex salt could be obtained with any of the other metals. The 
marked solubility of the pyrophosphates of magnesium, cobalt, nickel, and zinc in con- 
centrated sodium pyrophosphate solutions, and also the purple and yellowish-green colour 
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of the cobalt and nickel solutions, certainly point to complex-anion formation. The 
stability of the complex anions and solubility relationships never seem to be suitable for 
the formation of solid salts containing these complexes. Pahl (loc. cit.) says that, by 
spontaneous evaporation at summer heat, he obtained the compound 
3Na,P,0,,Zn,P,0,,24H,O 

as long prismatic crystals. We have failed to find this in spite of many attempts, as also 
the copper salt with only 24H,O, which Pahl ore in addition to the usual compound with 
32H,0, first prepared by him. 

Manganese and, especially, cadmium pyrophosphates are practically insoluble in sodium 
pyrophosphate solutions, indicating little or no tendency to form complex anions. This 
is noteworthy, since cadmium is said to be very prone to form complex anions, although 
this is not our view (compare Bassett and Sanderson, J., 1934, 1116). 

Areasonable structure for NagCu(P,07)9,16H,O is [Na(H,O),4]",{[Na(H,O).]°,[Cu(P,0,).]"! 


. 
EXPERIMENTAL. 


Methods of Preparation of Pyrophosphates.—(a) Solutions of the chloride of the metal and 
of sodium pyrophosphate were mixed, the amorphous precipitate filtered off, washed, suspended 
in water, and dissolved by passing in sulphur dioxide. The gas was then removed either (i) by 
long standing exposed to the air, (ii) on the pump, (iii) by a stream of carbon dioxide, or (iv) by 
heating on the water-bath, according to circumstances. This method is favourable for preparing 
pure pyrophosphates free from sodium, but traces may be present, as the original amorphous 
precipitate may contain even several units %,. 

(b) The amorphous precipitate obtained as in (a) is dissolved by passage of sulphur dioxide 
without being filtered off. 

(c) The chloride solution was added to one of pyrophosphate containing acetic acid (or in 
a few cases hydrochloric acid); if a small precipitate formed rapidly this was usually filtered 
off. The mixtures slowly yielded crystalline deposits on standing. 

(ad) The two reagents, pyrophosphate usually being in excess, are mixed and left at a suitable 
temperature, with occasional shaking in a corked flask, until the original amorphous precipitate 
has become wholly crystalline. 

(e) Sufficient pyrophosphate is used to dissolve the initial precipitate; the solution is then 
concentrated, either at room temperature or above, until crystalline deposits form. 

Whichever method of preparation was used, the solid product was washed with cold water, 
then alcohol, and air-dried. Unless otherwise stated in the tables or implied in the method 
of preparation, the latter was carried out at room temperature. 


Octahydrates, M,P,07,8H,0. 
Proportions of reactants, etc. 


Method of CoCl,,6H,O, Na,P,O,, Total vol., - indian 
Metal. prepn. g. g. CL. H,O. CoO. Na,O. 2O;. Notes. 
33°03 34°40 — 
Co (b, ii) at 0° 20 120 32°85 34°68 a 
H,0O. NiO. Na,O. 
Ni as Na,P,0,;,Ni,P,0,,12H,0. 27°93 19°32 16°03 
(dZ),12 months 19 G. Ni,P,O, as freshly prepared 28°50 19°09 15°93 
washed solid added to 600 c.c. 


Analysis, %. 





cold satd. Na,P,O, solution. 
(e) Solutions satd. with respect to 28°38 18°97 16-09 
Ni,P,O, and Na,P,0;,10H,0 
evaporated at room temp.; 
cryst. solid ground in mortar, 
and Na,P,0,,10H,O extracted 
with cold water. 
The behaviour of the nickel compound over 18N-H,SO, in an evacuated desiccator showed that 
about 0°5% adsorbed water was present. 
There appears to be a similar cobalt compound (Na,P,0,,Co,P,0,,12H,O) formed in similar circum- 
stances to the nickel compound as needles of straight extinction, but it yields Na,P,0,,3Co,P,0,,20H,O 
on treatment with water and could not be got free from this. 


1 Calc. for Co,P,0,,8H,O. 2 Microcrystalline. * Calc. for Na,P,0;,Ni,P,0,,12H,O. 
* Plates, very low birefringence, almost isotropic. 





Studies of Phosphates. Part IV. 
Heptahydrate, Mg,P,07,7H,O. 


Proportions of reactants, etc. Analysis, %. 

Method of MgCl,,6H,O, Na,P,0O,, HOAc, Totalvol., - formosa . 

prepn. g. g. Ct. 6.6, H,O. MgO. Na,O. P,O;. Notes. 
36°13 =. 23°15 —_ 40°72 
(c), 2 hrs. 22 20 20 600 36°17 23°07 — 40°82 
(0, ii), 44 hrs. 17 7 — 127 35°77 =. 23°16 —_ 41°17 


MgS0O,,7H,0O. 
»” 6 400 36-23 «22:90 054? 40°33 
(by diff.) 
1 Calc. for Mg,P,0,,7H,O. 2 Extremely minute crystals, ” ca. 1°46. 
8 Microcrystalline. * Amorphous. 





(d), 3 days 


Analysis, %. 
A Excess Parent 


Proportions of reactants, etc. H,O. MgO. Na,O. P,O;. P,0;. hydrate. Notes. 
34-45 23-73 — 41-82 1 
2G. Mg,P,0,,4H,O dissolved by SO, 34-50 23-44 — 41-96 _ 6-52H,O 2 
in 120 c.c. H,O. 





Conc. Total 
NiCl,,6H,O, Na P,0,, HCl, vol., 
g. g. c.c. c.c. H,0. NiO. Na,O. P,O;. 
Ni 28-65 36-58 = 34°77 3 
(d), 6 months 27 7-75 —- 700 28-70 36-36 0-12 34-67 — 6-5H,O 4 
(d), 3 weeks 9 3 1 380 28-79 35-73 0-27 35-46 1:19 6-44H,O* 


1 Calc. for Mg,P,0,,6-5H,O. * MgO taken as 23-66; P,O, as 41-74% in calculating parent hydrate. * Calc. for Ni,P,O,,6-5H,O. 
‘ Irregular masses of rhombic plates; after crushing, some fragments had mp slightly greater than 1-584, others slightly less. 


* P.O, taken as 35-21% in calculating parent hydrate. 


6-25-Hydrate of Mg,P.0,, and derived double salt NayP,07,3Mg,P,0,,21H,0. 


Parent 

Proportions of reactants, etc. Analysis, %. hydrate 
Method of MgCl,,6H,O, Na,P,0O,, HOAc, Total vol., - A + calc. from 
g- g. c. 





Cc. c.c. H,O. MgO. Na,O. P,O;. analysis. he 
33°58 2404 — 42-88 
(c) 26 20 210 750 3337 2385 0-50 42-51 6-23H,O 
(c), 48 days 15 20 20 600 3367 23-45 0-57 42-41 635H,O 
(c), 55 days 24 20 20 600 3330 23-75 0-76 42:55 6-25H,O 
(c), 52 days 20 20 20 600 33:03 2346 101 4255 6-24H,O 
(c), 52 days + 20 20 20 600 32-73 28:32 1:24 4275 621H,O 
3 months 
(c), 55 days 15 20 20 600 32:90 2335 1:30 42-61 6-23H,O {fra = 
Dy 
(c), 62 days 24 20 20 600 3255 23-21 1-43 42-84 616H,O {pa 1514 
(c), 70 days 15 20 40 600 3248 2270 212 4287 625H,O 
(6, ii’), 4 days 3¢ 6 _ 31-88 21-34¢ 401 42:77 6-34H,O 


(c), 46 days 20 20 600 31-09 21:75 409 4314 6-13H,O 
(c), 55 days 15 20 20 600 31-82 21-38 4-41 4252 6-38H,O 
(b, i), 1 month 2° 7 ~_ 29-55 18:93 881 43-28 6-29H,O 


- 


(a), 49 days 15 20 — 600 28-95 1860 916 43-23 
(4), 88 days 10 _ 29-02 1858 984 43-35 
(c), 3 months 5 20 10 500 «28-82 «18-59 BS 43-43 
(a), 1 year 23 20 _ 600 28-82 «1849 «= 44S 48-40 
(d), 14 months 15 20 _ 600 2882 1848 948 43-41 


(d), 7 weeks 16-3 20 os 600 29-31 18-26 932% 43-11 
(e), crystallised out from solution along with Na,P,0,,10H,O 29-36 18-27 916 43-21 tis 1-506 


prepn. 


Npq 1-513 
Nyy 1-528 


which was washed out with cold water Nyy 1-515 

(d), ca. 1 year 8 10 80g. 1000 29-05 1812 10-07 43-25 Nyq 1-507 
NaCl Nyy 1-513 

28-82 18-44 9-45 43-30 ll 


1 Calc. for Mg,P,O;,6-25H,O. * MgO taken as 23-60; P,O, as 42-26% in calculating parent hydrate. * MgO taken as 
24-25; P,O, as 42-76 in calculating parent hydrate. * MgO taken as 22-80; P,O, as 42-70 in calculating parent hydrate. * MgO 
taken as 21-53 in calculating parent hydrate. * Elongated octagonal plates showing straight extinction. 7 MgO taken as 19-U7 
and P,O, as 43-14 in calc. parent hydrate. ® Nearly pure double salt. * Analysis gave practically identical figures after further 
9 months in mother-liquor. * The crystal form is best shown by the pure double salt. Small rectangular plates and needles showing 
straight or symmetrical extinction. Positive elongation. 11 Calc. for Na,P,O0;,3Mg,P,0,,21H,0O. 


* MgSO,,7H,O. + By difference. 
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6-25-Hydrate of Mg,P,0,, and derived double salt TNayP,0,,25Mg,P,0,,172H,0O. 








(b, i), 1 month 2° 7 _ 210 2955 189-93 831 43-28 6-29H,0 {ars = 
29-43 919-15 8-25 43-19 2 
1 MgO taken as 19-07 and P,O, as 43-14 in calc. parent hydrate. ® Calc. for double salt. 
® MgSO,,7H,0O. 
Proportions of reactants, etc. Analysis, %. e “a wd 
NiCl,,6H,O, Na,P,0,, HOAc, Total vol., - A » calc. from 

Method of prepn. g. g. c.c. c.c. H,0O. NiO. Na,O. P,O,. analysis. Notes. 

27-85 36-99 — 35-16 1 

(c), 16 months 20 20 110 600 27-61 36-36 0-44 35-39 6-21H,O 2 

(6, i), 5 months 15 7 -- 180 28-13 36-17 0-38 35-40 6-30H,O 3 

(c), 9 months 20 20 30 610 27-66 36-34 0-50 35-26 6-26H,O 4 

(0, iii) and (b, i), 6 months 20 7 180 28-37 35-88 0-29 35-27 6-29H,O 5 

Mother-liquor last prepn.evap. to dryness at room temp. Soluble salts 27-99 36°37 0-31 35-27 6-27H,O 6 

removed with cold water. 

(c), 8 months 20 20 30 670 27-68 36-14 0-53 35-53 ¢ 6-24H,O 7 

(c), 8 months 8 20 30 600 27-71 36-25 0-53 35-52 ¢ 6-24H,O —- 

(d, i), 4 months 25 20 —_ 600 27°76 36-41 0-34 35-26 6-25H,O 8 

Ni,P,0,. Conc. HCl, 
(c), 4 weeks 5 50 c.c. 4 c.c. 225 27-80 ¢ 36-35 0-16 35-43 ¢ 6-23H,O 9 
cold satd 
soltn 

? Calc. for Ni,P,O,,6- —,.,. * P,O, calc. for base = 35-06. NiO taken as 36-56% for calcn. of parent hydrate. This makes 
analysis add up to 100%. P,O, calc. for base = 34°82; P,O, taken as 35-20, and encess balanced by [H,(H,O),] in calculating 
— hydrate. * If NiO is taken as 36-48, base and P, Oo, would balance, and ayalysis add up to 99-9%. NiO taken as 36-48 to 
ent hydrate. * P,O, taken as 35-46 ‘to make analysis add up to 100%; total “ai bese requires P,O,, 34-44. Excess P,O, taken 
as a anced by H,(H,O), in calculating parent hydrate. * P,O, en ‘ 35-33 to make analysis up to 100%; P,O, is then 
0-40 too high for total base. This is assumed to be bapenend by (H 2(H,O) 7 If NiO is taken as 36-27% to make total 100%, 
P,O, is then 0-44% too high for total base. Excess P,O, balanced by atk (H.0),). * If NiO is taken as 36-64% to make total 


100%, it is seen that the parent hydrate is almost exactly Ni,P,0,,6- .25H,0. O taken as 36-61 to make total 100%; there is 
then 0-45% excess P,O,. 

+ These two solids were each separated into coarse and fine: the composition of both parts was practically identical. 

} The results were unaltered after the substance had stood for a further 2 months in the mother-liquor. 


Hexahydrate of Mg,P,0, and the derived double salt NayP,07,3Mg,P,0,,20H,O. 





; Parent 
Proportions of reactants, etc. Analysis, %. hydrate 
Method of MgCl,,6H,O, Na,P,0,, HOAc, Total vol., ,- a , calc. from 
prepn. g. g. C.C. c.c. H,0O. MgO. Na,O. P,O;. analysis. n. Notes. 
32-66 24-40 _ 42-94 1 
(c), 2 hrs. 18 7 14 185 32-44 24-60 oa 43-10 — 
(a, i), 28 days 11 7 _ 200 32-96 24-25 — 42-94 ame 
(c), 10 days 12 3 1 380 32-59 24-40 — 43-08 Mpg 1512 2 
(conc. HCl) Mpy 1-533 
(c), 19 days 12 2 10 210 32-79 24-68 — t Myq 1-512 -- 
(1-8N-HCl) py 1-533 
(c), 2 months 24 20 210 680 32-51 23-88 0-89 42-66  6-04H,O — 
(c), 15} months 15 20 20 600 32:30 2323 1-20 42-75 6-12H,O { at > 
(c), 17 months 24 20 20 600 82-31 23-59 1:30 42-98 6-05H,O {fea — * 
(c), after another 24 20 20 600 3257 23-57 3 f¢ t ¢0H,o pen 
year in mother- 
liquor 2 
(c), 15 months 15 20 20 600 32-33 22-68 2- 42-67 5-97H,O 5 
(c), 14 months 24 20 20 590 30-75 22-45 3- 69 43-39 5-98H,O 6 
(c), 16 months 15 20 20 570 28-70 19-42 7-96 43-77 6-02H,O 7 
8 


27-82 18-68 9-538 43-88 


1 Calc. for Mg,P,0,,6H,O. * Small rectangular plates and rhombs showing straight or symmetrical extinction. * From 
Mg,P,O,,6-26H,O (with 0-57Na,O) after 13 months in mother-liquor. * From Mg,P,0,,6-25H,O (with 0-76Na,O) after 15 months 
in mother-liquor. * From Mg,P,0,,6-25H,O (with 1-30Na,O) after 13 months in mother- -liquor. * MgO taken as 22-25 in calc. 
parent hydrate. 7 MgO taken as 19-63 and P,O, as 43-71 in calc. parent hydrate. * Calc. for double salt. 


t Not determined. 


Analysis.—The methods employed were the same as those indicated in Parts I and III of 
this series (J., 1933, 862, 879), except that nickel was determined as metal after electrolytic 
deposition from ammoniacal solution. 

Cadmium was‘ weighed as sulphate after separation as sulphide. Pyrophosphate was 
converted into orthophosphate by digestion with nitric acid (20 c.c., d 1-42) for at least 2 hours. 
With manganese preparations, hydrochloric acid was used instead of nitric to avoid formation 
of insoluble products (Bassett and Sanderson, this vol., p. 208). Excess acid was removed 
by evaporation before the analyses. 

Owing to the solubility of sodium zinc uranyl acetate and the relative freedom from sodium 
of the reagents, it was found advisable to ensure positive blanks of about 0-04 g. in the sodium 
estimations by addition of a standard amount of very dilute sodium chloride solution. 
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Hexahydrate of Co,P,0, and the derived double salt NayP,07,3Co,P,07,20H,0. 





Proportions of reactants, etc. Analysis, %. 
Method of CoCl,,6H,O, Na,P;0;,, HOAc, Totalvol., - A ‘ 
prepn. g- g. c.c. C.c. H,0. CoO. Na,O. P,O;. n. Notes. 
27-00 37-50 — 35-50 
(d), 6 months 8 4:5 — 400 27-06 37-61 —_ 35-58 Ng 1-583 
(filtered off about half ppt. and then added 5 g. Myy 1-590 ) 
more of CoCl,,6H,O in 30 c.c. H,O) - 3 
(d, i), 1 month 13 7 —_ 170 27-06 37-37 — 35-33 
(a), 5} months 12 20 200 620 27-00 37-50 —_ 35-62 
23-97 29-96 8-25 37-81 
(d), 4 months 12 20 30 580 23-97 30-01 8-11 37-95 (Mpg 1-555 
n 1-563 
(d), 11 months 12 20 30 580 «23-97 = 8000S Not determined (py >1-563 ( 4 
(d), 2 years ll 20 — ? 23-97 30-00 Not determined J 


3 Calc. for Co,P,0;,6H,O. * Crystals large and well developed in rectangular plates with the corners truncated so that all 
internal angles are very close to 135°. a rose along slow, and rose along fast direction. Slow direction is optic axial 
plane. Optic sign could not be determined, as remained very straight on rotation and nearly disappeared in 45° position; 2V 
is therefore large. The square plates show straight extinction. When the crystals are tilted on one edge extinction is also straight, 
but when on the edge at right anglesit is oblique at 29° + 1°. Monoclinic, but quite different from the double salts derived from Mn 
and Cd — = we % Calc. for double salt. * Usually crystallises in six-sided plates, but from acid solution in rectangular plates 
with bevelled edges. Extinction straight, with two edges of six-sided forms or with all sides of rectangular forms. Pl ic, 

ish-pink along a, heliotrope-pink along £8. The indices presented by the six-sided plates showing internal angles of 86° and 187° 
ying flat are 1-563 along length and 1-555 across length. Small rectangular tablets show 1-563 along length and a slightly higher index 
ee anne represent an edgewise view of the six-sided plates. The system is orthorhcmbic and is quite different from that 
of Co,P,0,,6H,0. 


Hexahydrate of NigP,0;. 





; Parent 
Proportions of reactants, etc. Analysis, %. eine 
Method of NiCl,,6H,O, Na,P,0;, HOAc, Totalvol., - A ~ caic.from Excess 
prepn. g. g. 6.6. C.e. H,O. NiO. Na,O. P,0O;. analysis. P,0;. Notes. 
27-04 37-41 ae 35-55 1 
(d), 6§ months 30 20 200 720 27-45 36-44 0-17 35-93 5-99H,O 1-10 “ 


(ad), 8 months 13 20 110 210 27-60 36-11 0-32 35-92 6-03H,O 1-22 - 
Amorphous Conc. 
Ni,P,0,. HCl. 
(0), 3 weeks 5 5 1 100 27-91 36-52 _ 35-57 614H,O 0-85 mat 
1 Calc. for Ni,P,0,,6H,O. * Aggregates consisting of layers of tiny rhombs, some showing unsymmetrical extincti iy 
angular tablets showing straight extinction; possibly monoclinic. m between 1-579 and 1-589. A Sa cent 


Hexahydrate of MngP,0, as the double salt NayP,0;,Mn,P,0,,8H,0. 


Proportions of reactants, etc. 


Analysis, %. 
MnCl,,4H,0, Na,P,0,, Total vol., — ae peal % 





Method of prepn. g. g. €,c. H,O. MnO. Na,O. P,O,. Notes. 

20°75 = 20°46 17°37 40°92 1 

(d), 9 days 5 20 600 21-21 8 =21°10 §=17:29 840-79 7 

(d), 9 days 5 20 650 21-27 =©20°55 )~=—s«17°78 =: 4096 

(d), 7 months 5 20 650 21-21 20°49 17°85 40°86 

(d), 9 days 10 20 650 21:19 =. 21°14 Tt 40°84 

(d), 9 days 10 20 650 21°19 20°88 17°72 40°90 

(@), 7 months 10 20 650 21-21 20°65 17°85 40-93 

(d), 12 days 15 20 650 21-230 20°82 «17°77 40°82 + 2 

(a), 44 weeks 15 20 650 21:05 20°74 + 40°95 

(2), 7 months 15 20 650 21:10 20°51 17°62 40°84 

(da), 9 days 4 20 600 21:26 20°40 T 40°89 

(d), 2 days 3 20+20NaCl 660 21:06 20°45 t 40°96 

(d), 6 days 2 7+40NaCl 600 21:28 20°46 t 40°84 

Crystallised out by evapn. of satd. soln. with 20°87 20°42 17°87 z J 





Na,P,O,,10H,O, which was washed out of the powdered 


solid with cold water 
Conc. Na,P,O, solution satd. with amorphous Mn,P,0, at 21°20 20°84 17°38 40°82 pons 


60°, separated in the cold at room temp. 21:33. 20°70) 3=:17°47 40°87 
(a), on boiling water- 2 6 200 20°73 «20°60 = «17°64 = 40°87 ns 


bath (15 mins.) 
” ” ” 2 4 200 20°98 20°92 17°38 40°61 ane 
Amorphous Mn,P,0, from 5 g. MnCl,,4H,O and 35 g. 2118 2024 1805 41-04 — 
Na,P,O, in 600 c.c. satd. Na,P,O, for 24 months 
Amorphous ppt. from 20 g. MnCl,,4H,O and 14 g. 21:25 20°24 18°07 = 4104 oil 
Na,P,O, in 600 c:c. satd. Na,P,O, for 7 weeks 


1 Calc. for double salt. 2 m (mean of all specimens) = 1°532. They consisted of clusters of 
needles of extinction varying from straight to symmetrical oblique at about 45°. Birefringence very 
low. All needles having straight or nearly straight extinction had positive elongation; -monoclinic 
and similar to the corresponding cadmium compound. 

+ Not determined. 
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Hexahydrate of CdgP,0, as the double salt NagP,07,Cd,P,0,,8H,0. 


Proportions of reactants, etc. 


Analysis, %. 
CdCl,, Na,P,0,, Total vol., A 





Method of prepn. g. g. c.c. H,0. CdoO. Na,O. P,O;. Notes. 
17°81 31°75 15°33 35°12 1 
(d), 24 days 10 20 600 18°38 31°10 15°69 35°35 
(d), 64 months 10 20 600 18°20 31-24 15°48 35°31 
(d), 44 days 15 20 600 18°33 31-20 15°52 35°32 
(d), 6} months 15 20 600 18°17 31°56 15°30 35°22 
(d), 24 days 3 7+40NaCl 600 18°34 31°45 15°41 35°16 


Amorphous Cd,P,0, from 2 g. CdCl, + 15g. Na,P,0,in 1840 31-11 15°64 35°32 
600 c.c. satd. Na,P,O, for 8 days 

Ditto, but stood for 13 days 18°01 30°78 15°96 35°44 

Amorphous Cd,P,0, from 4 g. CdCl, + 3 g. Na,P,0, in 18°35 30°78 16°01 35°45 + 2 
600 c.c. satd. Na,P,O, for 10 days 

Amorphous Cd,P,0, from 4 g. CdCl, + 3 g. Na,P,O; in 18°03 31°62 15°43 35°18 
150 c.c. satd. Na,P,O, diluted to 600 c.c., for 33 days 

Amorphous Cd,P,0, from 20 gy. CdCl, and 15 g. Na,P,0, 18°36 30°71 15-96 35°42 
in 600 c.c. satd. Na,P,O, for 26 days 

Conc. Na,P,O, satd. with amorphous Cd,P,0, at 60° 18°20 31-06 15°77 35°27 





filtered and kept for a few days 18-40 31-03 15°78 35°21 
(d), 2 hrs. at 100° 2 + 100 17°86 31°98 15°08 35°22 | 


“1 Calc. for double salt. 2 The solid solution with most sodium had mp 1°533, that with least 
sodium "pq 1°537, mp, 1°541. All specimens consisted of small elongated needles with extinction vary- 
ing from straight to oblique of 45°. All needles having straight or nearly straight extinctions had 
positive elongation; monoclinic and similar to corresponding manganese compound. The presence of 
solid Na,P,0,,10H,O in the Cd or Mn preparations would not explain sodium contents above that for 
pure double salt, for the P,O, content in Na,P,0,,10H,O is considerably less than that in pure double 
salt. The P,O, contents go up with increase in sodium. 





Pentahydrates. 
Proportions of reactants, etc. Analysis, %. 
MC1,,6H,O, Na,P,0,, Total vol., - A + Parent 
Metal. Method of prepn. g. g. C.6. H,0O. MO. Na,O. P,O;. hydrate. Notes. 
Mg 28-77 25-80 -= 45-40 1 
(c), 15 hrs. 15 20 600 § 28-67 25-11 0-56 45-66 2 
(by diff.) 
(c), a few days ll 10 350 § 28-96 Not detd. 45-44 <- 
(0, iii), 8 hrs. at 68° 3t 6 220 26-19 22-16 5-80 45-94 5-07H,O 3 
Mn ¢ 24-06 37-97 on 37-97 4 
(b, ii), after 4 months in ll 7 170 23-96 38-03 —- 37-92 5 
mother-liquor 
A similar prepn. after 2 hrs..was microcrystalline 22-86 35-39 2-96 38-78  5-00H,O 
Same prepn. after standing over-night in mother-liquor had 23-82 38-13 - 38-08 
reverted to pure Mn,P,0,,5H,O 
Co 23-56 3927 _ 37-17 6 
(b, iv), 8 hrs. on boiling 8 4:5 400 23-76 39-12 — 37-14 
water-bath 7 
” ” ” 8 4-5 400 24-11 38-95 -- 36-97 
Ni 23-60 39-16 ose 37-24 
(b, iv), 12 hrs. on water- 8 4:5 500 24-04 39-04 -- 36-95 
bat 
(bo, iii and iv), 8 hrs. on 3 6-3 165 22-68 35-07 4-15 38-04 5-2H,0 9 
water-bath 
(6, iii and iv), 10 brs. on 3 6 215 22-79 36-95 2-37 37-87 5-04H,O 
water-bath 
Cu 23-01 40-68 —_ 36-31 10 
(d, i), 8 hrs. 15 ** 8 400 22-99 40-75 — 36-37 
(b, iv), 10 days 15 ** 8 200 22-75 40-56 - 36-49 } 11 
Zn 22-80 41-23 _- 35-97 12 
(b, i), 15 days 15 tt 7 180 22-78 41-36 _ 36-07 13 
(d), 3} days 5-5 tt 5-32 500 22-91 41-17 — 35-76 14 


Cd Indications were obtained that Cd,P,0,,5H,O exists, but even at 0° it is so unstable towards lower hydrates that no pure 
preparation has been isolated. 


1 Calc. for Mg,P,0,,5H,O.  * Aggregates of minute plates, mp ca. 1-52; birefringence about 0-01, straight extinction, negative 
elongation, also a few spherulites. 8 H,0 taken as 26-10, MgO as 22-25, and P,O, as 45-85% for calcn. of parent hydrate. 
* Calc. for Mn,P,0,,5H,0O. 5 Mainly minute needles, birefringence about 0-02, with a few larger plates of mp ca. 1-57. Needles too 
small to determine n. * Calc. for Co,P,0,,5H,0. 7 Bulk of material too fine to determine m (crystallinity doubtful). A few 
small rectangular tablets (x 556) showing straight extinction; m somewhat greater than 1-56. * Calc. for Ni,P,O,,5H,O. 
® Very fine, possibly minutely spherulitic, solid; » ca. 1-56—1-58; birefringence 0-01—0-02. #® Calc. for Cu,P,0,,5H,O. 1) After 
remaining in mother-liquor for 8 months had changed to tetrahydrate. Very finely divided. Pale green, almost white. Distinctly 
crystalline. 18 Calc. for Zn,P,0,,5H,O. # Nicely crystalline. Probably orthorhombic, possibly monoclinic. Facetted plates; 
Mpg 1°55; Mpy 1-56. 14 Amorphous; separated before it had crystallised. Expts. by method (b) with excess Na,P,O, indicate 
that Zn,P a BH 
Zn,P,0;,3§H,0. 


2:0 is formed first and gradually changes into a solid solution with sodium derived from a lower hydrate—probably 


+ MnCl,,4H,O used. ~ MgSO,,7H,O used. § Including 20 c.c. of HOAc. 
** CuSO,,5H,0 used. tt ZnSO,,7H,0 used. tt ZnCl, used. 











z=» 





st 
7 
id 
of 


or 
le 




















Studies of Phosphates. Part IV. 1425 
4-2-Hydrate of CugP,0, and derived double salt Na,P,07,4Cu,P,0,,17H,O. 
Proportions of reactants, etc. Analysis, % 
— Na,P,0,, Conc. HCl, = we c A . Parent 
Method of prepn. &- Cc. H,0. CuO. Na,O. P,0O;. hydrate. Notes, 
20-06 42-25 — 37-69 1 
(c), 120 days 12 1-6 2 350 19-66 42-49 ~ 37-93 — 
Compound a separated after a few minutes when 1 g. CuSO,,5H,O in 5c.c. 18-01 37-49 5-10* 39-40 4-2H,O 2 
was added to 170 c.c. of solution, from a previous preparation, which 
contained about 3 g. Na,P,O, - 1 g. ~« 0,,5H,O0 
(d, it’ 24 hrs. _- 210 17-06 36-62 6°40 40-34 4-1H,O 3 
(0, iii), 14 hrs. i t ¢ a 210 17-61 35-38 7-21 39-95 429H,0 — 
17-22 35-84 6-98 39-96 4 
1 Calc. for Cu,P,0,,4-2H,0. * This was the best crystallised prepn.; needles and spherulites. Straight extinction, mp 1-556 
and 1-574. % Bases require P,O,, 40-00%, which has been used to calc. parent hydrate. * Calc. for Na,P,0.,4Cu,P,0,,17H,0. 
* By difference. t CuSO,,5H,O used, 
Tetrahydrates. 
Proportions of reactants, etc. Analysis, %. 
MC1,,6H,O, Na,P,0,, Total vol., - A ~ Parent 
Metal. Method of prepn. g. g. c.c. H,O. MO. Na,O. P,O;. hydrate. Notes. 
Mg 24-43 27-34 — 48-20 
(0, iv), 23 hrs., evap. to 500 12 7 600 24-30 27:04 (033) 48°33 2 
. , C& (by di. ) 
(6, iv), 9} brs. 2t 6 210 23-51 26-40 48-78 399H,O — 
Co 19-78 41-21 a 39-01 3 
(b, iv), 18 hrs. 8 1 350 19-57 41-47 a> 39-12 4 
Ni (b, iv), 41 hrs. 3°5 10 250 15-38 32-49 (9-90) 41:97 3-95H,O 5 
calc. 
Cu 19-29 42-65 —_ 38-08 6 
Formed from ugh On SHO after 7 months i ,. ware 19-23 42-58 _ 38-11 7 
(d, iv), 4 hrs. 6-8 5-32 500 19-43 42-52 — 8-04 _— 
(0, i), 14 months 14§ 20 600 19-00 42-43 0-26 38-33 3:95H,0 — 


2 Cale. for Mg,P,0,,4H,O. 
‘Cale. for Co,P,0,,4H,O 
with bases in calc. parent hydrate and make total 100%. 


+ MgSO,,7H,0 used. 


2 Aggregates of needles and small picten genie rhombs; yp ca. 1-506, 1-514, and 1-525. 
* Extremely fine but probably crystalline icrocrystalline ; P.O; taken as 42- 28% to balance 
6 Cale. for Cu,P,0,,4H,O. 7 Very fine; ca. 1-590—1-620. 


¢ CuCl,,2H,O used. § CuSO,,5H,0 used. 





3%-Hydrates. 
Proportions of reactants, etc. Analysis, %. 
Method of MgCl,,6H,O, Na,P,0;, Total vol., - “~ . 
Metal. prepn. g- g. cc. H,0. MgO. P,O,. Notes. 
Mg 22-87 27-94 49-19 1 
22-55 28-04 49-41 2 
(6, iv), 16 hrs. at ca. 70° 6 4 300 22-87 27-88 49-37) 
(b, iv), 4 hrs. at 70° 6 4 300 23-51 27-82 48-92 3 
(b, iv), 23 brs. at 70°. 12 7 600 23-38 27-92 49-00 
Vol. reduced to 150 
c.c. during heating 
Excess Parent 
H,0. CuO. Na,O. P,O;. P,O;. hydrate. 
Cu SO, passed in tillgreen- 2 6 110 17-45 35-92 5-20 41-39 3-39 3-74H,O 
ish-white ppt. formed 
as a a 2 6 110 16-54 38-38 4-56 41-01 1-53 3-70H,O 4 
- ” om 2 6 110 16-59 37-53 5-22 40-61 1-13 3-76H,O 
SO, blown out from filtrate of last expt. Filtered after 14-80 35-89 8-19 41-35 —_ 3-73H,O 


days 


2 Calc. for Mg,P,0,,3§H,O. * Calc. for Mg,P,0,7,3-6H,O. 
and spherulites; negative elongation, straight extinction; Mpg ca. 1-515; mpy ca. 1-4 
ny 1-560, 1-590. 


3 Very small o“%e> 4 plates and prisms, often matted together, 
* Groups of needles and spherulites ; 


3-25-Hydrate of ZngP,O, as the double salt 2Na,P,07,2Zn,P,0,,5H,O. 


Proportions of reactants, etc. Analysis, %. 











ZnCl,, Na,P,0,, Total vol., , 
Method of prepn. g. g. c.c. H,0. ZnO. Na,O. P,O;. Notes. 
7°31 26°43 20°14 46°12 1 
(d), 5 months 6°7 20 560 7°37 26°64 20°06 46°19 ] 
(d), 18 weeks 5-2 20 590 7°35 26°48 20°24 46°27 9 
(d), 15 months 9-0 « 20 650 7°29 26°54 20°05 46°23 | 
(d), 3 hrs. on boiling 2°3 6 225 7°59 26°57 19°90 45°97 


water-bath 


1 Calc. for double salt. 
First two prepns. in table consisted almost entirely of hemimorphic plates showing straight 
These plates showed up 1°49 and 1°502. 


clinic. 


2 Plates showing a variety of faces and angles; biaxial, probably mono- 


extinction with one square end and one pointed (74°). 


4yY 





Bassett, Bedwell, and Hutchinson : 


3§-Hydrate of ZngP,O, as the double salt 8NayP,07,7Zn,P,0,7,23H,O. 
Analysis, %. 


‘ i, Parent 
Method of prepn. H,0O. ZnO. Na,O. P,O;. hydrate. Notes. 
8°87 24°36 21°22 45°55 1 





The proportions of Na,P,O, and Zn,P,O, used 
in different preparations varied somewhat 
Satd. Na,P,O,,10H,O solutions were satd. with 9°10 25°37 = 20°27 45°38 )=—s 362H,,O ) 
pptd. Zn,P,0,, filtered, and evapd. nearly to (9°02) (45°34) 
dryness at 50°; solid which crystallised out 
was extracted with water at 50°. Crystal- 
line residue analysed 


Very similar to above 9°15 24°62 21:03 (45°57) 3°68H,O 
(8°78) calc. 
Very similar. Compound crystallised from hot 9°81 24°28 21:10 (45°35) 3°74H,O 2 
filtrate (9°27) - Cale. 
In a similar prepn. the Na,P,0,,10H,O which 9°05 25°50 20°03 (45°20) 3°65H,O 
separated in the early stages of the evapn. (9°27) calc. 





was washed with hot water and left crystals 

of the given composition 
The filtrate from the above Na,P,0;,10H,O 10-00 26°25 1918 44:93 3°66H,O | 

was evapd. over CaCl, at room temp. The (9°70) (44°87) J 

crystals separating were washed with cold 

water to remove Na,P,0,,10H,O and the 

crystalline residue analysed 

1 Calc. for double salt. 2 The yield was very small, often not enough for complete analysis. In 

these cases P,O, was calculated from the total base. In two cases where a figure in parentheses is 
shown below the experimental value for P,O, it is the value equivalent to total base and has been used 
to calculate the “‘ parent”’ hydrate. The H,O values in parentheses have been used for the same 
purpose. They are the values which give analyses adding up to 100%. Preparations are well 
crystallised though crystals are small, but quite homogeneous. Straight extinction; mp ca. 1°516; 
birefringence ca. 0°02. Possibly orthorhombic. In hot liquors this compound tends to yield 
2Na,P,0,,2Zn,P,0,,5H,O 


3-6-Hydrates. 


Proportions of reactants, etc. 





Analysis, %,. 
Method of Na,P,0,, Total vol., ,- A . 
Metal. prepn. g. 62. H,0. MO. Na,O. P,O,;. Notes. 
Mn 18°58 40°68 — 40°73 1 
18°85 40°55 _ 40°60 2 
(6, iv), 12 hrs. 7°92 g. 5°32 500 18°90 40°77 — 40°74 3 
MnCl,,4H,O 
Zn 17°53 44°04 — 38°43 4 
17°80 43°90 — 38°32 5 
(bo, iv), 12Zhrs. 55g. ZnCl, 5°32 500 17°42 44-14 — 38°37 6 
Cu 17:30 = 43°71 — 38°99 7 
17°70 43°50 — 38°80 8 
(b, iv), 35 mins. 2 g. 7 210 17°58 43°55 0-16 38°83 
at 100° CuSO,,5H,O 9 
(b, iv), 4} hrs. 2 g. 6 210 1755 43°58 O11 (38°76) 
at 80° CuSO,,5H,O (by diff.) 


1 Calc. for Mn,P,0,,3°6H,O. 2 Calc. for Mn,P,0,,33H,O. 3’ Rhombic plates and bundles of 
needles. Former showed angles of 81° and 99° and an extinction angle of 40°. Distinction between 
max. and min. m difficult. Mean mp 1°653. Needles showed straight extinction. ‘ Calc. for 


Zn,P,0,,3°6H,0O. 5 Calc. for Zn,P,0,,33H,O. * Very small, elongated, diamond-shaped plates , 


showing angles of 40° and 140°. Symmetrical extinction. Differentiation of two indices difficult; 
mean mp 1°586. . 7 Calc. for Cu,P,0,,3°5H,O. Calc. for Cu,P,0,,3°6H,O. ® Well-developed 
rhombic plates showing angles of 85° and 95°, the latter bisected by the fast direction. Symmetrical 
extinction; mp 1°585 and 1620. The third index appears to be 1-560. 


Solid Solutions in Na,P,O,,10H,O.—The general method of preparation is to make a hot 
concentrated solution of Na,P,O,, in it dissolve amorphous M,P,0,, filter, and allow it to cool 
and crystallise. The solid solutions will have their maximum content of M,P,O, when the 
Na,P,0,,10H,0 crystallises out in conjunction with the double Na,M pyrophosphate having the 
largest proportion of Na,P,0,. Conditions must be so adjusted that Na,P,O,,10H,O separates 
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in large isolated crystals so that one can be sure that none of the double salt is present. In 
practice, therefore, one must work a little on the Na,P,O, side of the point at which the two 
solid phases can coexist in equilibrium with solution. The values given on p. 1428 (middle) 
for the solid-solution concentrations are thus not maximum values, although probably not 


Trihydrate of CugP,0, as the double salt 8NayP,07,7CugP,0,,13H,0. 





Proportions of reactants, etc. Analysis, %. 
CuSO,,5H,O, Na,P,0,, Totalvol., - A — Parent 
Method of prepn. g. g. c.c. H,O. CuO. Na,O. P,O;. hydrate. Notes. 
5-23 24-92 22-19 47-66 1 
60 G. Na,P,O, in 400 c.c. satd. with Cu,P,O, ; filtered and evapd. to 70 c.c. 5-23 25-37 21-80 47-44 2-96H,O 2 
at 40°; 120 c.c. H,O added to dissolve the blue anionic compound; the (calc.) 
very small amount of insoluble compound was collected and analysed 
(, iv), 5 hrs. 2 6 160 11-24 36-84 9-07 42:99 3-03H,0 38 
(5, iv), 2 hrs. 1 6 205 11-47 36-98 8-87 43-05 3-00H,O 4 


2 Calc. for double salt. * Amount too small for complete analysis. If P,O, is taken as 47-60 instead of 47-44 then Na,O (by 
diff.) is 21-80%, and total base and P,O, agree. These values used to calculate “ parent ’’ hydrate. Small six-sided plates, biaxial, 
straight extinction, negative elongation; p rather less than 1-56; birefringence ca. 0-02. 3 CuO taken as 36-63 and P,O, as 43-06% 
to calculate “ parent’’ hydrate. * H,O taken as 11-21 and CuO as 36-87% to calculate “‘ parent”’ hydrate. Optical characters 
of last two prepns. as above, but mp ca. 1-60. 


Trihydrate of Cd,P,0,. 


Proportions of reactants, etc. Analysis, %. 





Method of CdCl, Na,P,0,, Conc. HCl, Totalvol., , . 
prepn. g. g. CC, Cc. H,O. Cdo. P,O;. Note. 
11-93 56-71 31-36 1 
(6, i) 73 53 — 500 11-97 56°76 31°37 \ 2 
(by diff.) 
(d), 24 days 12 2 1 390 11-92 56°55 31-40 J 


1 Calc. for Cd,P,0,,3H,O. 2 Minute spherulites. mp ca. 1°62. 


2%-Hydrate of CogP,0, as double salt 3NayP,07,9Co,P,0,,20H,0. 





Proportions of reactants, etc. Analysis, %. 
CoCl,,6H,O, Na,P,0;, Totalvol., - A . Parent 
Method of prepn. g- g. 6c. H,0. CoO. Na,O. P,0O,. hydrate. Notes. 
9-51 35-66 9-82 45-00 1 


40 G. Na,P,O, in 400 c.c. H,O satd. with pptd. Co,P,O, on boiling water- 10-53 35-50 9-76 44-82 2-74H,O 2 
bath; Na,P,0,,10H,O which separated on cooling was filtered off, the 
soltn. concentrated to 200 c.c. and more Na,P,O,,10H,O filtered off. 
Filtrate evapd. to dryness at 40—50° and extracted with hot water. 
Residue filtered and analysed 


(d), 18 hrs. on water-bath 2 6 350 10-06 35-96 943 ¢ 4484 2-68H,0 3 
(0, iv), warmed at 70° for 12 hrs. with 2 7 210 10-28 36-20 9-15 44-74 2-68H,O 4 
reflux. First lot of solid filtered off. It was definitely a mixture (with (calc. - 


3-8% Na,O) of Co,P,0,,5H,0 (microscopic identification) and the sodium 
compound derived from 2§-hydrate. Filtrate now heated to 80° for 12 
hrs., but gave no reactions for orthophosphate 
(b, iv). Similar to last, the same mixture coming out during 8 hrs. at 80°. 
The whole mixture was then heated to 100° for 34 hrs. and was then 10-44 36-37 8-94 44-63 2-69H,O 5 
free from plates of Co,P,0,,5H,O 
1 Calc. for double salt. ® Very finely divided ys a solid; H,O taken as 9-92 (which makes analysis total 100%) in 
calculating parent hydrate. * Microcrystalline; H,O taken as 9-77% in calculating parent hydrate. * Homogeneous spherulites, 
positive elongation, straight extinction. mpq 1-594, mpy 1-578. Birefringence ca. 0-03. H,O taken as 9-91% in calculating parent 
hydrate. 5 Minute needles. 
t Calculated from P,O,. 


23-Hydrates of Cd,P,0, (and Mg,P,0,). 
Proportions of reactants, etc. 


Analysis, %. 
CdCl,  Na,P,0,, Totalvol, , — 





Method of prepn. g. g. cc. H,0O. Cdo. P,O;. Notes. 
10°72 57°48 31°78 1 
(b, iv), 1 hr. 7:3 5-3 500 11-16 57-16 31-61 2 


Cd,P,O, from 2-6 g. Na,P,O, and 3g. CdCl, in 500 c.c. filtered 10°88 57°30 31°61 3 
off and dissolved by SO, in 200 c.c.; mixture heated on water- 
bath with reflux for 2} hrs. 
There were indications that magnesium forms a sodium compound, similar to that of cobalt, derived 
from Mg,P,0,,23H,O. 
1 Cale. for Cd,P,0,2$H,0. * Needles of spherulitic origin; negative elongation, straight 
extinction; mp ca. 1°63. 8 Minute spherulites; mp ca. 1°63. This compound very slowly changes to 
Cd,P,0,,2}H,0 in the hot liquor. , 
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24-Hydrates of Mn,P,0, and Cd,P,0,, and double salt 3Na,P,07,9Zn,P,07,16H,0. 





Proportions of reactants, etc. Analysis, %. 
Na,P,0,, Total vol., - A . Parent 
Metal. Method of prepn. g- C.c. H,0. MO. Na,O. P,O;. hydrate. n. Notes. 
Mn 12-89 43-51 —_ 43-60 1 
(b, iv), 44 hrs. at 80° 2 g. 7 300 12-25 41-41 2-33 4403  2-43H,0 _ 
MnSO,,4H,O 
Ppt. dissolved by SO, 24 g. 20 600 12-79 41-73 1-09 44-40 Nyq, 1-60 . 
and reprecipitated by MnCl. H,0 12-83 41-70 1-03 44-47 2-32H,O 
ng CO, for 2 hrs. — 4160 108  42-98t py 1-62 
Rach SO, still a 
Stood 13 months. 
ZnSO,,7H,0, g. 
Zn 7-5 38-3 9-7 44-5 3 
(b, iv), 8 hrs. at 60° then 2 7 210 8-67 38-94 8-75 43-87 ~ 2-4H,O 
4 hrs. at 75° 
(b, iv), 12 hrs. at 75° 3 7 215 8-35 38-70 8-90 44-39§ 2-3H,O M,ca.1-58 4 
(b, iv), 12} hrs. at 75° 2 5 210 9-00 38-50 8-50 44-31**  2-37H,O 
(b, iv), 9} hrs. at 75° 3 7-5 115 8-74 38-85 8-94 44-40f¢ 2-30H,O 
CdCl,, g. 
Cd 9-53 58-25 32-21 5 
(6, iv), filtered after 1 hr. 7-3 5-3 500 9-64 58-30 _ 32-06 Mpg ca. 6 
on water-bath. Fil- (by diff.) 1-64; Mpy 
trate then heated 12 ca. 1-65 
hrs. on water-bath 4 
(d, i), 4 days 2 7 210 9-93 55-98 0-94 33-28¢f. 2-34H,O n,ca.163 7 


1 Cale. for Mn,P,0,,24H,O. * Different analyses of the same prepn. Well-crystallised Lae. Rhombic plates, many 
facetted, probably monoclinic. No sign of heterogeneity after very close examination. for double salt. * Nicely 
crystallised i in needles and some tablets showing multiple twinning. “Most needles have positive elongation: some have straight and 
some oblique extinction. Probably monoclinic. Slowly formed from Zn,P,0,,3-6H,O: change can be followed under microscope. 
® Calc. for Cd,P,O,,2$H,O. * Elongated rhombs; monoclinic?; nicely crystalline 7 Bundles of fine needles, mostly spherulitic. 


+ Calc. from total base. t Total base requires P,O,, 44-00%. ij P,O, = 0-42%. 
** Excess P,O, = 0-98%. tt Excess P,O, = 0-27%. tt Excess P,O, = 1-25%. 


far from them. The crystals of Na,P,O,,10H,O are well washed with a nearly saturated 
solution of this salt, which is very effective in removing original mother-liquor. 


MO, %, in 
Metal. Na,P,0,,10H,O. 
Mg 0°067 Probably 0°1% is the limit attainable. Some higher results were open to 
Mg 0°093 doubt owing to possible presence of Na,P,0,,3Mg,P,0,,21H,0O. 
my — Position unfavourable. No evidence for solid-solution formation. 
o 03 
Ni 0-3 
Ni 0°47 This result may be too high owing to possible presence of a trace of 
Na,P,O,,Ni,P,0,,12H,O. 
- a This may or may not represent a real solubility in the solid Na,P,0,,10,HO. 
n 0°0 
Zn 0°09 
Cd — Position unfavourable. No evidence for solid-solution formation. 


The Compound Na,Cu(P,0,),,16H,O (or 3Na,P,0,,Cu,P,0,,32H,O).—This compound is 
very soluble in water, and very large dark blue prismatic crystals can be obtained. It yields 
a congruent solution from which it can be crystallised unchanged. 100 G. of the solution 
saturated at 25° contain 37 g. of the anhydrous salt. These data allow suitable details of 
preparation to be calculated; e.g., 10 g. of anhydrous Na,P,O,, dissolved in water, are added to 
a solution containing a small excess of copper chloride. The precipitated Cu,P,O, is filtered 
off, washed at the pump, and added to a hot solution of 30 g. of anhydrous Na,P,O, in 30 c.c. 
water. When all Cu,P,0, has dissolved the filtered solution is left to cool and crystallise 
[Found : H,O, 34-76; CuO, 9-47; Na,O, 22-13; P,O;, 33-70. Na,Cu(P,O,),,16H,O requires 
H,O, 34-39; CuO, 9-48; Na,O, 22-21; P,O,, 33-92%]. 


SUMMARY. 


1. The pyrophosphates of magnesium, manganese, cobalt, nickel, copper, zinc, and 
cadmium have been examined. 
2. Evidence has been obtained for hydrates M,P,0,,xH,O where x may have the values 
8, 7, 6-5, 6-25, 6, 5, 4-2, 4, 3$, 3-6, 3-25, 3, 28, or 24. The whole series is not obtainable 
with any one metal. 
3. The following double salts have been prepared : 
Na,P,0,,Ni,P,0,,12H,O ; Na,P,0,,3Mg,P,0,,21H,O; 7Na,P,0,,25Mg,P,0,,172H,0 ; 
Na,P,0,,3Co,P,0,,20H,O; Na,P,0,,Mn,P,0,,8H,0; Na,P,0,,Cd,P,0,,8H,0 ; 
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Na,P,0,,4Cu,P,0,,17H,O; 8Na,P,0,,7Zn,P,0,,23H,O; 2Na,P,0,,2Zn,P,0,,5H,0O ; 
8Na,P,0,7,7Cu,P,07,13H,O; 3Na,P,07,9Co,P,0,,20H,O; 3Na,P,07,9Zn,P,0,,16H,O. 
These double salts represent in some cases the limit in a series of solid solutions. 

4. A theory of replacement is developed according to which the above double salts 
and solid solutions are derived from “ parent ” hydrates, containing no sodium, by replace- 
ment of [M(H,O),]" by [Na,(H,O).]"", or, in the case of less hydrated salts, by replacement 
of [M(H,O),]"" by Na‘,. The order in which the double salts are placed in the above list 
is that of decreasing hydration of the “ parent ’”’ hydrates. 

5. In some cases replacement of [M(H,O),]* by [H,(H,O),] may occur, and acidic 
preparations result. 

6. On the basis of this theory, structures are developed for all the above double salts 
and their ‘‘ parent’ hydrates. They are all considered to be true double salts, with the 
whole of the metal in the kationic condition. 

7. One true complex salt was also obtained, viz., Na,[Cu(P,O7),],16H,O (or 
3Na,P,0,,Cu,P,0,,32H,O). This is very soluble to a congruent solution and is well 
crystallised. 

8. Most of the double salts are only very sparingly soluble in water, and few of them 
crystallise well even from acid or sodium pyrophosphate solutions in which the gross 
solubility may be considerable. This is attributed to the low concentration in the mother- 
liquor of some or all of the constituent ions which go to build up the crystals. 

9. The Na,P,0,,10H,O which separates in large transparent crystals from solutions 
containing magnesium, cobalt, nickel, or zinc pyrophosphate contains a small amount of 
these in solid solution. This is explicable on the basis of the above theory, and indicates 
[Na(H,O),4].[Na,(H,0).]"[P,0,]’’’ as a probable structure for Na,P,0,,10H,O. 


Our thanks are due to the Department of Scientific and Industrial Research for a grant, and 
to Dr. Hartshorne, Dr. E. S. Davis, and Mr. Henshall for valuable help and advice in connection 
with the microscopic examination of the preparations dealt with in the paper. 
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307. The Lupin Alkaloids. Part XI. The Octahydropyridocoline— 
norLupinane Relationship. 


By G. R. CLemo, T. P. METCALFE, and R. RAPER. 
In Part VIII (J., 1935, 1743) we reported the synthesis of 3-methyloctahydropyrrocoline 


(I).* 
+ CH,°CO,Et he H,°CO,Me 
6 N *CH,°CH,°CO,Et oN N *CH,°CH,°CO,Me 
e Me . 
(I.) (II.) (III.) (IV.) 


Only one of the four possible stereoisomers was produced by the method there employed, 
and in an attempt to prepare others, and in order to gain further knowledge on the 
isomerism displayed by octahydropyridocoline and norlupinane, we have built up the 
piperidine ring on the pyrrolidine ring by condensing ethyl 2-methylpyrrolidine-5-acetate 
(this vol., p. 607) with ethyl $-chloropropionate, giving ethyl 2-methylpyrrolidine-5-acetate- 
1-6-propionate (II). Ring closure of this by the Dieckmann method gave 7-keto-3-methyl- 
octahydropyrrocoline. The Clemmensen reduction of this ketone was not as satisfactory 
as reduction by the Wolff method. The 3-methyloctahydropyrrocoline obtained, however, 
was identical with the compound obtained in Part VIII. A by-product of higher boiling 
point was also produced in the Wolff reduction, but it has not yet been fully investigated. 


* This was there erroneously called the 2-methyl derivative. The 3-hydroxy- and 3-keto-derivatives 
should be designated the 2-hydroxy- and 2-keto- respectively. 


ie phn emnemaee we wrens 








1430 The Lupin Alkaloids. Part XI. 


In previous papers (J., 1932, 2959; 1935, 1743) the synthesis of morlupinane (III) 
has been described and it has also been shown (J., 1931, 437) that the Clemmensen reduction 
of 1-keto-octahydropyridocoline gives an isomeric octahydropyridocoline. 

In order to gain a deeper insight into this question we have now ring-closed the ester (IV) 
to give the only hitherto undescribed keto-octahydropyridocoline, viz., the 2-compound, 
and this on reduction also gives norlupinane. 

Of all the ring-closure methods used, therefore, to synthesise the system (III) it is 
remarkable that the only one leading to the isomeric octahydropyridocoline is the 
Clemmensen reduction of 1-keto-octahydropyridocoline. It was accordingly of interest 
to examine the Wolff reduction of this keto-compound, and, surprisingly enough, this 
leads to the production of pure norlupinane together with some much higher boiling basic 
material. 

These two reduction results obtained with the 1-keto-derivative of (III), which alone 
can enolise by migration of the hydrogen atom attached to the tertiary carbon atom 10, 
may be taken to support the cis-tvans formulation of octahydropyridocoline and norlupinane 
advanced in Part VI (J., 1932, 2959). At present we know little of the actual mechanism 
of these reduction processes, but it is worth noting that in two recent cases (J., 1935, 1743; 
this vol., p. 606) the Clemmensen reduction has ended at the hydroxy-stage. 


EXPERIMENTAL. - 


Ethyl 2-Methylpyrrolidine-5-acetate-1-8-propionate.—Ethy] 2-methylpyrrolidine-5-acetate (2-2 
g.), ethyl 8-chloropropionate (2 g.), and sodium acetate (2 g.) were heated together for 5 hours 
on the water-bath. Water was added, then potassium hydroxide solution (50%) till strongly 
alkaline, and the oil was extracted with ether, dried, and distilled (2-6 g., b. p. 168—169°/14 mm.) 
(Found: C, 61-7; H, 9-4. C,,H,,O,N requires C, 62-0; H, 9-2%). 

7-Keto-3-methyloctahydropyrrocoline.—The above ester (3-5 g.) was added to potassium 
(1 g.) powdered under xylene (10 c.c.). After the first vigorous reaction had abated, the whole 
was heated for 3 hours on the water-bath, alcohol added to dissolve unused potassium, then 
water (7 c.c.) and concentrated hydrochloric acid (30 c.c.), and the solution was heated for 
14 hours in the water-bath. After evaporation to dryness the residue was basified with 
potassium hydroxide solution (50%), and the ketone extracted with ether; it distilled as a 
colourless unstable oil (1-2 g., b. p. 72—75°/1 mm.) (Found: C, 70-5; H, 10:2. C,H,,ON 
requires C, 70-6; H, 9-8%). The picrate formed yellow prisms, m. p. 204° (Found: C, 47-4; 
H, 4:9. C,H,,ON,C,H,O,N, requires C, 47-1; H, 4-7%), and the picrolonate dull yellow prisms, 
m, p. 203°. 

3-Methyloctahydropyrrocoline.—The ketone (1-4 g.) and hydrazine hydrate (0-8 g. of 95%) 
were refluxed for 10 hours, the hydrazone dried in ethereal solution, and the etherremoved. The 
residual oil (1-3 g.) was heated at 160—170° for 12 hours in a sealed tube with sodium ethoxide, 
from sodium (0-8 g.) and absolute alcohol (15 c.c.). Water (10 c.c.) and excess of hydrochloric 
acid were added, and the solution evaporated to dryness. The base was liberated by potassium 
hydroxide solution (50%), extracted with ether, dried, and distilled (0-1 g., b. p. 27°/1 mm.) 
(Found: C, 77-4; H, 12-4. Calc. for C,H,,N: C, 77-7; H, 12-2%). The picrate formed 
bright yellow prisms, m. p., 197°, not depressed by admixture with the picrate, m. p. 197°, 
described in Part VIII (Found: C, 49-2; H, 5-7. Calc. for Cj,H,,N,C,H,O,N,: C, 48-9; 
H, 5-4%), and the picrolonate, reddish-brown prisms, m. p. 208°, not depressed by the picrolonate 
obtained in Part VIII (Found: C, 56-65; H, 6:5. Calc. for C,H,,N,C,,H,O;N,: C, 56-6; 
H, 6:2%). A viscous colourless liquid was also produced (0-4 g.), b. p. 95°/1 mm. (Found: 
C, 68-6; H, 10-7%); the picrate separated in bright yellow prisms, m. p. 143°, from alcohol, 
in which it was very soluble; and the picrolonate as reddish-brown prisms, m. p. 245° (decomp.) 
(Found: C, 54-8; H, 6-2%). 

Methyl Piperidine-2-acetate-1-8-propionate.—Methyl piperidine-2-acetate (1-6 g.), methyl 
8-chloropropionate (1-4 g.), and anhydrous sodium acetate (1-6 g.) were heated for 2 hours in 
a loosely corked tube in the water-bath. Water and excess of potassium carbonate solution 
were added and the oi/ was taken up in ether, dried with sodium sulphate, and fractionated, 
giving 1-1 g., b. p. 170—175°/1 mm. The latter redistilled at 170—172°/1 mm. (Found: 
C, 58-8, 59-0; H, 8-3, 8-6. C,,H,,0O,N requires C, 59-2; H, 8-6%). 

2-Keto-octahydropyridocoline.—The above ester (3-5 g.) was added to potassium (1 g.) 
powdered under toluene. After the vigorous reaction subsided, the mixture was heated for 
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13 hours on the water-bath, alcohol (2 c.c.) added to dissolve unused potassium, and the whole 
evaporated. The residue was taken up in water (3 c.c.), concentrated hydrochloric acid (10 c.c.) 
added, and the heating continued for another 7 hours. After evaporation to dryness, and 
basification (50% potassium hydroxide solution) the ketone was taken up in ether, dried, and 
distilled (0-8 g., b. p. 70—75°/1 mm.). It redistilled at 70—72°/1 mm., and rapidly turned 
brown in the air (Found: C, 70-4; H, 9-8. C,H,,ON requires C, 70-6; H, 9-8%). The picrate 
formed old-gold prisms, m. p. 211° (Found: C, 47-6; H, 4:7. C,H,,ON,C,H,O,N, requires 
C, 47-6; H, 48%). 

norLupinane.—The ketone (0-5 g.) in concentrated hydrochloric acid (10 c.c.) was refluxed 
with amalgamated zinc (5 g.) for 18 hours. From the product, worked up in the usual way, 
norlupinane (0-15 g., b. p. 38—40°/1 mm.) was obtained. The picrate had m. p. 194°, and the 
picrolonate, m. p. 245°, not depressed by admixture with specimens prepared from lupinine. 

Reduction of 1-Keto-octahydropyridocoline to Octahydropyridocoline and norLupinane.—The 
Clemmensen reduction of the keto-compound (0-5 g.) was carried out as described in J., 1931, 
437, and gave the base (0-15 g.), picrate (m. p. 213°), picrolonate (m. p. 189°), and methiodide 
(m. p. 281°) as recorded for octahydropyridocoline. A further portion of the ketone (0-95 g.) 
was reduced by the Wolff method, giving 0-14 g., b. p. 40°/1 mm., and 0-15 g., b. p. 95°/1 mm. 
The former fraction gave a picrate, m. p. 194°, picrolonate (prisms from acetic acid), m. p. 245°, 
and methiodide, m. p. 321°, thus being proved to be pure norlupinane. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. (Received, July 31st, 1936.] 





308. cycloHexylnaphthalenes and Related Compounds. 
By J. W. Cook and C. A. LAWRENCE, 


A PROJECTED synthesis of the 3: 4-benzphenanthrene ring system from 2-(1’-naphthyl)- 
cyclohexanol was frustrated by the fact that this carbinol could neither be converted into the 
bromide (Cook, Hewett, and Lawrence, this vol., p. 71) nor oxidised to the corresponding 
ketone. Under all the conditions used for oxidation (with chromic acid, vanadic acid, 
potassium permanganate, and copper oxide at 300°) the carbinol was partly or completely 
transformed into resinous products, and no ketonic derivative could be isolated. Evidently 
the ketone was more readily attacked than the carbinol. If this were due to the suscept- 
ibility to oxidation of the naphthalene nucleus, then it should have been possible to over- 
come the difficulty by the use of 2-(5'-tetralyl)cyclohexanol, which was prepared from 5- 
tetralyl-lithium and cyclohexene oxide. Although a semicarbazone was isolated after 
oxidation of this carbinol with chromic acid, the yield was so trivial that the reaction was 
useless for synthetic purposes. Nevertheless, a study of the properties of various hydro- 
carbons related to the two carbinols already mentioned has provided results of interest. 
The ethylenic bond in 1-(1’-naphthyl)-A!-cyclohexene (I; R = H) was unexpectedly 
resistant to catalytic. hydrogenation, the unsaturated hydrocarbon being only partly 
reduced to 1-cyclohexylnaphthalene by shaking for 30 hours with hydrogen in the presence 
of Adams’s platinum catalyst and acetic acid. The inertness of the double bond is most 
satisfactorily attributed to a mutual saturation of the free affinities of the carbon atoms 
2 and 8’, which can come within atomic distances of each other without appreciable dis- 


tortion of the molecule. This explanation is supported by the fact that 1-(5’-tetralyl)- 


Al-cyclohexene (II), in which such mutual deactivation cannot occur, behaved normally 
on hydrogenation, being rapidly reduced to 5-cyclohexyl-1 : 2 : 3 : 4-tetrahydronaphthalene. 
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Analogous examples of low reactivity have recently been recorded by Ingold, Parekh, and 
Shoppee (this vol., p. 142), who observed a mutual suppression of activity of the two double 
bonds in certain derivatives of A*‘-hexadiene, and by Fries and Bestian (Ber., 1936, 69, 
718), who found that o-divinylbenzene, unlike styrene, has little tendency to polymerise. 

Although 1-(1’-naphthyl)-A!-cyclohexene (I; R =H) is readily dehydrogenated by 
sulphur to 1-phenylnaphthalene (Weiss and Woidich, Monatsh., 1925, 46, 456; Sherwood, 
Short, and Stansfield, J., 1932, 1832), it underwent a dismutation to 1-phenylnaphthalene 
and 1-cyclohexylnaphthalene when heated with selenium or platinum-black. This be- 
haviour recalls that of oleanolic acid, which is converted into a saturated hydrocarbon by 
selenium at 330—350° (Ruzicka, Hésli, and Ehmann, Helv. Chim. Acta, 1934, 17, 442) in 
spite of the fact that its double bond cannot be hydrogenated by the normal catalytic 
method. From previous studies of the influence of structure on dehydrogenation processes 
(compare Cook and Hewett, this vol., p. 62) it was anticipated that 1-cyclohexylnaphthalene 
would be readily dehydrogenated to 1-phenylnaphthalene by platinum-black, and probably 
also by selenium, at 300—320°. This proved not to be the case, for the cyclohexyl compound 
withstood the dehydrogenating action of both catalysts. It was also largely unattacked 
by sulphur at 220°, although in this case a little phenylnaphthalene was formed. Dehydro- 
genation experiments were also carried out with 2-cyclohexylnaphthalene, a crystalline 
hydrocarbon isolated by Bodroux (Aun. Chim., 1929, 11, 511) from the products of inter- 
action of naphthalene and cyclohexene, in presence of alumimium chloride. This hydro- 
carbon was dehydrogenated to 2-phenylnaphthalene by selenium at 300—320° (Bodroux 
dehydrogenated it with sulphur), but was unaltered when heated with platinum-black at 
300—320°. The unexpected resistance to dehydrogenation with platinum-black shown 
by the two cyclohexylnaphthalenes is very remarkable, and at present no explanation is 
available. 

On account of the difficulty of hydrogenation of naphthyleyclohexene (I; R = H) an 
alternative route to l-cyclohexylnaphthalene was sought in the interaction of «-tetralone 
with cyclohexylmagnesium chloride. This gave, in poor yield, 1-cyclohexyl-3 : 4-dihydro- 
naphthalene, which was dehydrogenated to 1-cyclohexylnaphthalene. A by-product of 
the reaction was a ketone, Cyg9H,,O, evidently formed by condensation between two mole- 
cules of «-tetralone. 

Further evidence of the inertness of the ethylenic bond in 1-(1’-naphthyl)-A*-cyclo- 
hexene (I; R = H) was provided by the fact that the hydrocarbon was neither cyclised 
nor polymerised by aluminium chloride in cold carbon disulphide. Inthe hope of promoting 
cyclisation by the presence of a suitably disposed methyl group a similar experiment was 
carried out with 1-(1’-naphthyl)-2-methyl-A1-cyclohexene (I; R = Me). This hydrocarbon 
which was dehydrogenated by selenium to 1-o-tolylnaphthalene, was partly cyclised by 
aluminium chloride at 0°, for subsequent selenium dehydrogenation gave fluoranthene (III) 
in poor yield. 

EXPERIMENTAL. 

l-cycloHexylnaphthalene.—An impure specimen of this hydrocarbon was separated by 
Bodroux (loc. cit.) from the products of interaction of naphthalene and cyclohexene. He 
described no derivatives. 

(a) A solution of 1-keto-1: 2:3: 4-tetrahydronaphthalene («-tetralone) (36-5 g.) in 
anhydrous ether (100 c.c.) was added during 2 hours to a well-stirred ice-cold Grignard solution 
prepared from cyclohexyl] chloride (30 g.), magnesium turnings (6-6 g.), and anhydrous ether 
(140 c.c.). After being kept at 0° for 4 hour, and boiled for 1} hours, the reaction mixture was 
allowed to stand overnight, and then decomposed with ammonium chloride solution. The crude 
product was heated with potassium hydrogen sulphate in order to ensure dehydration of the 
tertiary carbinol, and was then separated by distillation into 3 fractions: (i) b. p. 134—150°/12 
mm. (21-5 g.), (ii) b. p. 128—132°/0-4 mm. (3-8 g.), and (iii) b. p. 216°/0-4 mm. (10-2g.). Fraction 
(i) was unchanged tetralone. Fraction (ii) was 1-cyclohewxyl-3 : 4-dihydronaphthalene, which, 
after several distillations over sodium, had b. p. 140°/1 mm. or 172°/10 mm.; n}?* 1-5762; 
di?* 1-021; whence [Rz]p = 68-79 (calc., 67-62) (Found: C, 90-4; H, 9-6. C,,H,, requires 
C, 90-5; H, 9-5%). Fraction (iii) formed a viscous gum which gave a solid (3-7 g.) when tritur- 
ated with light petroleum. This ketone, probably 1-heto-2-(1'-tetralylidene)-1 : 2 : 3 : 4-tetra- 
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hydronaphthalene, crystallised from alcohol in colourless microscopic needles, m. p. 130—130-5° 
(Found: C, 87-2; H, 6-6. C,).H,,O requires C, 87-5; H, 66%). The 2: 4-dinitrophenyl- 
hydrazone crystallised from alcohol in small orange prisms, m. p. 249—250° (decomp.) (Found : 
N, 12-0. C,,H,.O,N, requires N, 12-3%). 

1-cycloHexy1-3 : 4-dihydronaphthalene was dehydrogenated by heating at 300—320° with 
platinum-black (6 hours) or selenium (15 hours) to 1-cyclohexylnaphthalene, which after purific- 
ation through its picrate had b. p. 118—120°/0-3 mm., and nu} 1-6000 (Found: C, 91-1; H, 
8-5. C,H, requires C, 91-35; H, 8-65%). The picrate formed long slender orange needles 
(from alcohol), m. p. 122—123-5° (Found: C, 60-3; H, 4:8. (C,,H,,O,N, requires C, 60-1; 
H, 4:8%); the styphnate formed slender yellow needles (from alcohol), m.p. 150-5—151° 
(Found: C, 58-5; H,4°4. C,,H,,O,N; requires C, 58-0; H, 4-7%); and the s.-trinitrobenzene 
complex formed slender yellow needles (from alcohol), m. p. 116-5—117-5° (Found: C, 62-4; 
H, 5-35. C,,H,,O,N, requires C, 62-4; H,5-0%). The m.p.’s of these derivatives were not 
depressed by admixture with the corresponding derivatives of 1-(1'-naphthyl)-A!-cyclohexene 
(I; R =H) (picrate, m. p. 124-5—125-5°; styphnate, m. p. 160-5—161-5°; s.-trinitrobenzene 
complex, m. p. 121—121-5°). 

(b) A suspension of platinum oxide (0-25g.) in acetic acid (25 c.c.) was reduced with hydrogen, 
pure recrystallised 1-(1'-naphthyl)-A!-cyclohexene (4-35 g.) then added, and the whole shaken 
with hydrogen. This experiment was carried out by each of us and repeated several times with 
concordant results. Absorption of hydrogen was extremely slow, and even after shaking for 
30 hours the product contained appreciable amounts of unsaturated hydrocarbon (estimated 
at 35% by the Rosenmund and Kuhnhenn reagent). After removal of this by agitation of a 
cyclohexane solution with sulphuric acid the product was distilled, and then gave analytical 
figures which showed that hydrogenation of the naphthalene nucleus had been effected to some 
extent under the drastic conditions employed (Found: C, 90-7; H, 91%). After purification 
through the picrate (m. p. 122—123°) this material gave 1-cyclohexylnaphthalene, which had 
ni7™ 1-6099 and dj 1-044; whence [Rz]p = 69-68 (calc., 69-93) (Found: C, 91-2; H, 8-35. 
Calc. for C,,H,,: C, 91-35; H, 8-65%). 

5-cycloHexyl-1 : 2:3: 4-tetrahydronaphthalene and its Derivatives —5-Bromo-1 : 2:3: 4- 
tetrahydronaphthalene (Smith, J., 1904, 85, 729) (10-5 g.) was slowly added to a suspension of 
lithium (0-75 g.; powdered under tetralin) in ether (50 c.c.). Reaction set in at once and the 
mixture boiled spontaneously. After the initial reaction had subsided, the whole was boiled 
for 3 hours and then cooled in ice during addition of cyclohexene oxide (5 g.). After 15 minutes 
in the ice-bath the mixture was allowed to warm to room temperature, and was finally boiled 
for 6 hours. Ice was then added, and the carbinol isolated in the normal manner by distillation 
(b. p. 174—176°/1-5 mm.). This carbinol gave a 3 : 5-dinitrobenzoate which formed primrose- 
yellow microscopic plates, m. p. 163—164-5° (Found: C, 64-8; H, 5-7. C,3;H,,O,N, requires 
C, 65-1; H, 5-7%). Pure 2-(5'-tetvalyl)cyclohexanol, obtained by hydrolysis of this ester, was a 
colourless gum which did not crystallise (Found: C, 83-4; H, 9-6. C,,H,,O requires C, 83-4; 
H, 9-65%). 

For oxidation, a solution of this carbinol (10 g.) in glacial acetic acid (100 c.c.) was treated 
with a solution of chromic acid (3-2 g.) in 80% acetic acid (20 c.c.), and kept at room temperature 
for 24hours. The acetic acid was removed on the water-bath under reduced pressure, the residue 
extracted with water and ether, and the ethereal extract washed with dilute acid and alkali 
and distilled. The distillate (7-1 g.) was heated with semicarbazide in aqueous-alcoholic solution 
for 18 hours, and gave only 0-2 g. of the semicarbazone of 2-(5’-tetralyl)cyclohexanone, m. p. 
198—200° (decomp.) (Found: N, 14-35. C,,H,,ON; requires N, 14-7%). The unreacted gum 
contained some of the original carbinol, of which the 3 : 5-dinitrobenzoate was isolated. The 
yield of ketone was not improved by modification of the conditions, or by the use of permangan- 
ate for oxidation. 

1-(5'-Tetralyl)-A'-cyclohexene.—The foregoing crude carbinol (8-7 g.) was heated with zinc 
chloride (15 g.) at 160—180° for ? hour. The resulting hydrocarbon (II) was extracted with 
benzene and distilled, forming a colourless liquid, b. p. 181°/15 mm. (Found: C, 89-15; H, 9-4. 
Ci gH requires C, 90-5; H,9-5%). When shakenwith hydrogen and Adams’s platinum catalyst 
in acetic acid, this hydrocarbon rapidly absorbed a molecule of hydrogen and gave a product 
which was almost saturated towards bromine. Purified by shaking with sulphuric acid, it formed 
a colourless liquid, mainly 5-cyclohewxyl-1 : 2:3: 4-tetrahydronaphthalene, b. p. 118°/0-2 mm. 
(Found : C, 88-7; H, 10:3. C,H, requires C, 89-6; H, 10-4%). 

Dismutation of 1-(1'-Naphthyl)-A'-cyclohexene (I; R = H).—(a) The unsaturated hydro- 
carbon (3 g.) was heated with platinum-black (0-3 g.) at 300—320° for 4 hours, during which 
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60 c.c. of gas were liberated. Complete dehydrogenation to 1-phenylnaphthalene should have 
given 645 c.c. of hydrogen. The product, which was almost saturated, was treated with picric 
acid in alcoholic solution. The hydrocarbon recovered from the crystalline picrate was shaken 
in cyclohexane solution with sulphuric acid, whereby a little unsaturated compound was removed. 
The unattacked hydrocarbon was then distilled over sodium and was shown to be 1-cyc/ohexyl- 
naphthalene (1-5 g.) (Found: C, 91-5; H, 82. Calc.: C, 91-35; H, 865%). The alcoholic 
liquors from which the picrate of this hydrocarbon had been separated were freed from picric 
acid and solvent, and the resulting hydrocarbon was nitrated with nitric acid in acetic acid, 
by which procedure 1-phenylnaphthalene, a liquid which forms no crystalline picrate, is con- 
verted into a nitro-compound, m. p. 132° (Weiss and Woidich, Joc. cit.). Our material gave a 
-crystalline derivative, m. p. 126—127°, not depressed by the compound similarly prepared from 
authentic 1-phenylnaphthalene. 

(b) 1-(1'-Naphthyl)-At-cyclohexene (2 g.) was heated with selenium (2 g.) at 300—320° for 
24 hours. The product was worked up as described under (a) and gave much 1-cyclohexyl- 
naphthalene, and a smaller amount of 1-phenylnaphthalene (isolated as its nitro-derivative). 

From these experiments, and those recorded above, it is clear that 1-cyclohexylnaphthalene 
is not dehydrogenated by selenium or platinum-black at 300—320°. When 1-cyciohexylnaphth- 
alene (1 g.) was heated with sulphur (0-45 g.) at 220° for 5 hours, most of it was recovered un- 
changed (isolated as picrate). By working up the liquors in the manner described, a trace of the 
nitro-derivative of 1-phenylnaphthalene was isolated. 

Dehydrogenation of 2-cycloHexylnaphthalene.—(a) The pure crystalline hydrocarbon, m. p. 
‘31° (Bodroux, Joc. cit.) (1 g.) was heated with selenium (1-2 g.) at 300—320° for 10 hours, and 
gave 2-phenylnaphthalene, m. p. 98-5—100°, after crystallisation from alcohol (Bodroux gives 
m. p. 101—102°). 

(b) When 2-cyclohexylnaphthalene (1 g.) was heated with platinum-black at 300—320° for 
-2 hours in an atmosphere of carbon dioxide, only 24 c.c. of gas were collected (complete dehydro- 
genation should have liberated 320 c.c. of hydrogen), and the unchanged material crystallised 
on cooling (mixed m. p.). 

Synthesis of Fluoranthene.—2-Methylcyclohexanone (22-4 g.) was condensed in the usual way 
with 1-naphthylmagnesium bromide (from 41-4 g. of 1-bromonaphthalene, 5-3 g. of magnesium, 
and 200 c.c. of ether) and the crude distilled carbinol was dehydrated by 1 hour’s heating at 
160—170° with potassium hydrogen sulphate (30 g.). The resulting 1-(1'-naphthy/)-2-methyl- 
A'-cyclohexene (I; R = Me) (13-7 g.) was purified through its s.-trinitrobenzene complex, which 
had nosharpm.p. The hydrocarbon, regenerated by treatment with stannous chloride, formed 
a colourless liquid, b. p. about 125°/0-3 mm.; nj}** 1-6111 and dj? 1-036, whence [Rz]p = 74°44 
(calc., 73-98) (Found: C, 91-5; H, 8-3. C,,H,, requires C, 91:8; H, 8-2%). The presence of 
one double bond was confirmed by titration with perbenzoic acid. When this hydrocarbon 
(0-5 g.) was heated with selenium (1 g.) at 300—320° for 10 hours and then distilled, it gave a 
greenish fluorescent oil which deposited crystals after 2 days. These were drained on a tile and 
recrystallised from aqueous alcohol, giving slender colourless needles of 1-0-tolylnaphthalene, 
m. p. 67-5—68-5° (Found: C, 93-5; H, 6-6. C,,H,, requires C, 93-5; H, 65%). 

For cyclisation, a solution of the unsaturated hydrocarbon (I; R = Me) (3-2 g.) in carbon 
-disulphide (30 c.c.) was treated with anhydrous aluminium chloride (4 g.), and the mixture kept 
at 0° for 64 hours. The solution was decanted from the sludge, shaken with ice-water, dried, 
and distilled. The product (2-1 g.), b. p. 122—130°/0-3 mm., gave no satisfactory crystalline 
-derivatives, and was dehydrogenated with selenium at 310—320° (21 hours). After extraction 
and distillation, light petroleum was added, whereby crystals were obtained. These were 
-drained on a porous tile and recrystallised from alcohol; they then formed pale yellow crystals, 
m. p. 107—107-5°, not depressed by authentic fluoranthene supplied by the Gesellschaft fiir 
Teerverwertung. The identification was completed by comparison of the picrates. The yield 
-of fluoranthene was very small. 


We are grateful to the Medical Research Council for a maintenance grant to one of us 
(C. A. L.). 
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Lonpon, S.W. 3. [Received, August 15th, 1936.] 
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309. Substitution Derivatives of Diphenylene Sulphide and 
Diphenylenesulphone. 


By N. M. Cuiinane, C. G. Davigs, and G. I. Davies. 


DIPHENYLENE sulphide was prepared (1) from 2-nitrodipheny] sulphide by the usual reduc- 
tion and diazotisation process ; (2) by the action of heat on a mixture of 2-hydroxydiphenyl 
and phosphorus pentasulphide under pressure, the intermediate thiol being oxidised 
readily to the cyclic sulphide; (3) by treatment of 2 : 2’-dihydroxydiphenyl with phos- 
phorus pentasulphide or sulphur : 


OH-CoHy-CoH, —> SH-CpHyCoHy~_ Be 
__ > CeHy—CoHy <— C,H; C,H, NH, 
OH-C,H,-C,H,-OH —> SH:C,H,-C,H,SH— ” 


Nitration of diphenylene sulphide afforded the 3-nztro-derivative, the sulphur atom 
being here of-directing (I) (diphenylene oxide yields the 2-nitro-compound; Cullinane, 
J., 1930, 2267). The constitution of the nitrodiphenylene sulphide was established by 
its synthesis from 2: 4-dinitrodipheny] sulphide by reduction to 4-nitro-2-aminodiphenyl 
sulphide, followed by diazotisation and treatment with 50% sulphuric acid. The action 
of bromine on diphenylene sulphide gave the expected 3-bromo-derivative (as in the 


O O 
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case of diphenylene oxide; Mayer and Krieger, Ber., 1922, 55, 1661). The bromo- 
compound was identical with the product obtained from 3-nitrodiphenylene sulphide 
by reduction, followed by the Sandmeyer process. 

Diphenylenesulphone was readily prepared by oxidation of the sulphide. The sulphone 
group being strongly meta-directive, both nitration and bromination afforded as sole 
products the 2 : 7-disubstitution derivatives. The general electric effect of the sulphone 
group is indicated in (II) (the electromeric effect being exercised in the same direction), 
resulting in deactivation of the benzene ring, this effect being least pronounced in the 
meta-position, as shown by the arrow, and hence substitution took place at this point 
(compare Robinson, J. Soc. Dyers and Colourists, 1934, 70). Owing to the deactivating 
effect of the nitro-group and the bromine atom on the nucleus containing them, the second 
substituent entered the other benzene ring in each case. Similar results were observed 
with diphenylene sulphide and diphenylene oxide. 

Very vigorous methods were needed for the preparation of the substitution derivatives 
of diphenylenesulphone : the dinitro-derivative was obtained by heating a mixture of the 
sulphone with a large excess of fuming nitric and concentrated sulphuric acids, and the 
dibromo-compound could only be prepared by heating the sulphone under reflux with several 
molecular proportions of bromine. 

The constitution of the dinitro-compound was established by reduction to benzidine- 
sulphone. Diazotisation, followed by the Sandmeyer reaction, afforded a dibromo- 
derivative identical with the compound formed by the action of bromine on diphenylene- 
sulphone. 

EXPERIMENTAL. 

Diphenylene Sulphide.—(a) A mixture of 2-hydroxydiphenyl (20 g,) and phosphorus penta- 
sulphide (6 g.) was boiled for 10 hours, excess of aqueous sodium hydroxide added, and the pro- 
duct distilled in steam. The solid in the distillate was washed with sodium hydroxide solution 
and with water and crystallised from alcohol, affording colourless needles (4 g.) of diphenylene 
sulphide, m. p. 99°. 

(b) A mixture of 2: 2’-dihydroxydiphenyl (30 g.) and phosphorus pentasulphide (20 g.) 
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was heated at 350° for 15 hours in carbon dioxide in an autoclave; hydrogen sulphide was formed. 
The product was extracted with hot acetone, the solvent removed, and the residue washed with 
warm aqueous sodium hydroxide and water and distilled under reduced pressure, giving diphenyl- 
ene oxide (small quantity), diphenylene sulphide, and a gummy material; the cyclic sulphide 
(4 g.) had b. p. 182°/10 mm. 

A mixture of 2 : 2’-dihydroxydiphenyl (22-5 g.) and sulphur (8 g.), similarly treated, gave 
3 g. of diphenylene sulphide. 

2: 4-Dinitrodiphenyl Sulphide.—Bogert and Evans (J. Ind. Eng. Chem., 1926, 18, 301) 
obtained a 31% yield of this compound by grinding together 2: 4-dinitrochlorobenzene and 
potassium thiophenoxide. The following method gave an 80% yield. The clear melt obtained 
by heating potassium hydroxide (28 g.) and water (10 c.c.) was added in small portions to thio- 
phenol (55 g.) maintained somewhat below its b. p., and the mixture stirred until solidification 
occurred. The product was dried at 140° for 4 hours. 2: 4-Dinitrochlorobenzene (46 g.) was 
melted in a dish heated by a small flame, and powdered potassium thiophenoxide (34 g.) added 
gradually with stirring; the brownish mass formed was stirred for a further 30 minutes and then 
extracted with warm sodium hydroxide solution. The residue was washed with alkali and water 
and extracted with hot acetone. Recrystallisation from alcohol (charcoal) afforded yellow 
plates, m. p. 121°. 

3-Nitrodiphenylene Sulphide——To a solution of 2: 4-dinitrodiphenyl sulphide (5-5 g.) in 
glacial acetic acid (22 c.c.) at about 80° was added in several portions a solution containing 
stannous chloride (12-5 g.) in glacial acetic acid (33 c.c.) into which hydrogen chloride had been 
passed until almost all the tin salt had dissolved. The product was poured into 6 vols. of water 
and the oily solid obtained was collected, washed with water, and extracted with much 
boiling dilute hydrochloric acid. Addition of concentrated aqueous ammonia to this extract 
precipitated a small quantity of the nitroamino-compound as a brownish oily solid. 

Sodium nitrite (0-65 g.) was added with cooling to concentrated sulphuric acid (5-2 c.c.), 
and the solution warmed slowly to 70°, maintained at this temperature until the solid had com- 
pletely dissolved, and then cooled. The crude nitroamino-compound (2 g.) was dissolved in 
glacial acetic acid (24 c.c.), and the cold solution added gradually below 20° to the nitrite solu- 
tion. The diazo-mixture was made up to 100 c.c. with sulphuric acid so that the ultimate 
concentration of the acid was 50%, boiled under reflux for 8 hours, and distilled with steam. 
The distillate was made alkaline with aqueous sodium hydroxide, and the solid deposit recryst- 
allised from alcohol, from which pale yellow needles of 3-nitrodiphenylene sulphide (0-3 g.), m. p. 
186°, separated (Found: S, 14-0. C,,H,O,NS requires S, 14-0%). 

Nitration of Diphenylene Sulphide—Treatment of diphenylene sulphide with nitric acid 
(90%; 14 mols.) under the conditions specified by Courtot and Pomonis (Compt. rend., 1926, 
182, 894) gave mostly diphenylene sulphoxide together with unchanged initial material. The 
following method gave a 40% yield of nitro-compound and a similar yield of sulphoxide. Di- 
phenylene sulphide (10 g.) was dissolved in glacial acetic acid (80 c.c.), the solution allowed to 
cool to about 30°, and nitric acid (10 c.c.; d 1-5) added drop by drop; after a few minutes’ 
warming, a copious yellow precipitate formed. The mixture was shaken for an hour and poured 
into water and the precipitate was washed with water and treated with small amounts of boiling 
alcohol (to remove the sulphoxide) until the m. p. of the residue was about 180°. Recrystal- 
lisation from alcohol or benzene furnished 3-nitrodiphenylene sulphide, m. p. 186°, identified 
by means of a mixed m. p. with the synthetic product. 

3-Aminodiphenylene Sulphide——The reduction of the nitro-derivative can be effected by 
means of zinc and alcoholic ammonia solution (Courtot and Pomonis, Joc. cit.) or (better) by 
treating the powdered substance (8 g.) with iron filings (12 g.) and water (8 g.), followed 
by ferric chloride (0-12 g.). The product was extracted with much boiling dilute hydrochloric 
acid, from which colourless needles (5-6 g.) of the amine hydrochloride separated on cooling. 
The base, liberated by addition of sodium hydroxide solution and crystallised from methyl 
alcohol, formed white needles, m. p. 133°. 

3-Hydroxydiphenylene Sulphide.—The amine hydrochloride (2-4 g.) in finely divided suspen- 
sion in dilute hydrochloric acid (40 c.c.) was diazotised at 0°, the diazo-compound being pre- 
cipitated in fine yellow crystals. The mixture was shaken for an hour and then warmed gradu- 
ally to 70° with shaking for 30 minutes, after which it was boiled under reflux for a further 4 

hour, and the product distilled with superheated steam. The distillate crystallised from ligroin 
in colourless needles (0-5 g.), m. p. 159°, of 3-hydroxydiphenylene sulphide, identified by a 
mixed m. p. with a specimen of this compound (for which we are indebted to I. G. Farben- 
industrie A.G.) obtained by Muth, Piitzer, and Carl (D.R.-P. 591,213) by diazotising 3-amino- 
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diphenylene sulphide in orthophosphoric acid and heating the product with the same acid to 
200°. 

3-Bromodiphenylene Sulphide.—The diazo-mixture obtained from the amine hydrochloride 
(2-4 g.) was added gradually to a 10% solution of cuprous bromide (50 c.c.), and the whole 
boiled under reflux for 20 minutes and then distilled with steam. The solid was extracted 
with hot acetone and recrystallised from alcohol, colourless plates of 3-bromodiphenylene 
sulphide (about 1 g.), m. p. 127°, being deposited (Found : S, 12-3; Br, 30-3. C,,H,BrS requires 
S, 12-2; Br, 30-4%). 

To a cold solution of diphenylene sulphide (5 g.) in dry carbon disulphide or chloroform 
(28 c.c.), bromine (4-4 g.) was added dropwise with agitation; hydrogen bromide was evolved. 
After standing at room temperature for 12 hours, the solution was boiled under reflux for 3 
hours. The solvent was then evaporated, and the residue crystallised from alcohol; crystals 
(5-5 g.) identical with the 3-bromodiphenylene sulphide described above were obtained. 

2 : 7-Dinitrodiphenylenesulphone.—To a cold solution of diphenylenesulphone (3 g.) in con- 
centrated sulphuric acid (10-5 c.c.), nitric acid (9 c.c.; d 1-5) was added dropwise with shaking ; 
the temperature rose to 60—70°. The product was heated on a boiling water-bath for 40 
minutes, cooled, and poured into ice-water. The white precipitate formed was washed with 
water, dried, and crystallised from acetone, giving long, pale yellow prisms (2-5 g.), m. p. 290° 
(slight decomp.) (Found: S, 10-4. C,,H,O,N,S requires S, 10-45%). 

2 : 7-Diaminodiphenylenesulphone (Benzidinesulphone).—The above dinitro-compound (4 g.) 
‘was reduced with iron filings (16 g.), water (10 c.c.), and ferric chloride (0-16 g.). The product 
‘was extracted with boiling dilute hydrochloric acid, excess of alkali added to the extract, and 
the precipitate taken up with hot acetone. Recrystallised from the same solvent, it afforded 
pale yellow needles (2-5 g.), identified by a mixed m. p. as benzidinesulphone, m. p. 327°. 

2 : 7-Dibromodiphenylenesulphone.—Benzidinesulphone (5 g.), made into a paste with con- 
centrated hydrochloric acid (20 c.c.) and water (7 c.c.), was treated at 0° with sodium nitrite 
(3-37 g.) in water (10 c.c.), giving a clear solution of the tetrazo-compound. This was added toa 
10% solution of cuprous bromide (150 c.c.), heated gradually to the b. p., boiled under reflux 
for 30 minutes, and then poured into water. The precipitate was washed with water and 
extracted with chloroform, from which crystals separated on cooling. Recrystallisation from 
acetone furnished the dibromo-derivative (5-5 g.) in pale yellow plates, m. p. 312° (Found: 
S, 8-8; Br, 41-8. C,,H,O,Br,S requires S, 8-6; Br, 42-8%). 

The same dibromo-compound (2 g.) was obtained when finely powdered diphenylenesulphone 
(4 g.) was boiled with bromine (20 g.) for 4 hours under a long reflux condenser; the residue 
obtained after evaporation to dryness was extracted with sulphurous acid, and the solid 
crystallised from chloroform. 

3-Nitrodiphenylenesulphone.—3-Nitrodiphenylene sulphide (4 g.) was boiled under reflux 
for 5 hours with potassium dichromate (9-6 g.), concentrated sulphuric acid (32 c.c.), and 
water (32 c.c.), the mixture poured into much water, and the precipitate recrystallised from 
acetone. Pale yellow plates (4 g.), m. p. 258° (slight decomp.), separated (Found: N, 5-4. 
C,,H,O,NS requires N, 5-4%). A similar yield was obtained by adding perhydrol (32 g.) at 
42° to a solution of 3-nitrodiphenylene sulphide (4 g.) in glacial acetic acid (80 c.c.) and boiling 
the mixture under reflux for 2 hours. 


The authors are indebted to I. G. Farbenindustrie A.G. for gifts of chemicals and to the 
‘Chemical Society for a grant. 
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310. Studies in the Sterol Group. Part XXVII. The Oxidation of 
Cholesteryl Hydrogen Phthalate with Potassium Permanganate : 
B-7-Hydroxycholesterol and Tetrahydroxycholestane. 


By T. Barr, I. M. Her~Bron, E. G. Parry, and F. S. SPRING. 


ALTHOUGH potassium permanganate has been successfully employed in the stepwise 
degradation of many bile acid derivatives (see, for example, Wieland and Kulenkampff, 
Z. physiol. Chem., 1919, 108, 295; Wieland and Schulenberg, ibid., 1921, 114, 167) and of 
acidic sterol derivatives such as Diels’s acid (Windaus, Ber., 1908, 41, 614), cholesterol itself 
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is remarkably stable to this reagent in neutral solution, and shaking of a benzene solution 
of the sterol with alkaline permanganate produces only a small amount of a cholestanetriol 
(Windaus, Ber., 1907, 40, 257). 

The oxidation of cholesteryl hydrogen phthalate has now been studied with the object 
of investigating whether such an acid ester is more prone to attack by alkaline potassium 
permanganate, and three products have been isolated. The least soluble is the acid 
phthalate of an unsaturated compound C,,H,,0,, m. p. 184—185°. That this is mono- 
ethenoid was demonstrated both by quantitative perbenzoic acid titration and by the 
preparation of a saturated monoxide, C,,H,y,O3; catalytic hydrogenation gives a mixture of 
cholestanol and cholestane. That the compound is a disecondary alcohol has been shown 
by the Zerewitinoff method and the preparation of a diacetate, m. p. 121—122°, and a di- 
benzoate, m. p. 150—151°. 

The new diol is not identical with 3 : 6-dihydroxy-%-cholestene (Westphalen, Ber., 
1915, 48, 1064). A clue to its constitution was afforded by the observation that the diol 
and its esters give an intense blue coloration with the antimony trichloride reagent, a 
behaviour which we have observed is common to all derivatives of A5-cholestene hydroxyl- 
ated at C,, such as 7-hydroxycholestene (Dimroth and Trautmann, Ber., 1936, 69, 669), 
7-hydroxystigmasterol (Linsert, Z. physiol. Chem., 1936, 241, 125), and 7-hydroxy-7-methy]l- 
cholesterol (Bann, Heilbron, and Spring, this vol., p. 1274). Again, we have observed that 
the crude 7-hydroxycholesterol described by Windaus, Lettré, and Schenck (Amnalen, 1935, 
520, 98) gives the same intense blue coloration. 

A comparison of the constants of corresponding derivatives of the diol, m. p. 184—185°, 
and 7-hydroxycholesterol (I, R = H) clearly shows that the two are not identical. That 
they are stereoisomerides, differing from each other solely in the orientation of the hydroxy] 
group attached to C,, was proved by the thermal degradation of the dibenzoate of the former 
(I, R = COPh) to 7-dehydrocholesteryl benzoate (II, R= COPh). As no information is 
available concerning the relative orientation of the C, hydroxyl group and the hydrogen 
atom associated with C, in the two 7-hydroxycholesterols, we name the new isomeride 
8-7-hydroxycholesterol and the diol of Windaus, Lettré, and Schenck, «-7-hydroxycholesterol. 
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The second wt isolated from the oxidation mixture is a tetrahydroxycholestane 
hydrogen phthalate, C;;H;,07, m. p. 236—237°, giving a tetrahydroxycholestane, m. p. 230— 
231°, on hydrolysis. The tetrol gives a tribenzoate, m. p. 271—272°, and a triacetate, m. p. 
219—220° ; it does not react with the usual carbonyl reagents, from which we infer that the 
fourth oxygen atom is present as a tertiary hydroxyl group. It is probable that the tetrol 
is either 3:5:6:7- or 3:4:5: 6-tetrahydroxycholestane and we hope to differentiate 
between these two possibilities by means of experiments which we have in progress. 
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The third oxidation product of cholesteryl hydrogen phthalate is the acid ester of the 
hydroxy-keto-acid, C,,H,,O, (III), previously obtained by the oxidation of cholesteryl 
acetate with chomic acid (Windaus and Resau, Ber., 1915, 48, 851) and characterised by 
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its thermal degradation to the diethenoid hydrocarbon (IV) (Lettré, Z. physiol. Chem..,. 
1933, 218, 67). 


EXPERIMENTAL. 


8-7-Hydroxycholesterol.— A suspension of cholesteryl hydrogen phthalate (Weidemann, 
Biochem. ]., 1926, 20, 685) (10 g.) in N-sodium carbonate (200 c.c.) was shaken with N/4-. 
potassium permanganate (1000 c.c.), added in four equal portions at intervals of 12 hours. The- 
mixture was clarified by sulphur dioxide, and the residual solid collected and dried. Extraction 
of this solid with cold chloroform—ether (1: 1) (extract A), followed by repeated crystallisation of 
the residue from aqueous pyridine, gave 8-7-hydroxycholesteryl hydrogen phthalate in fine needles, 
m. p. 199—201° (Found : C, 76-1; H, 9-1. (C3,;H,.O,; requires C, 76-3; H, 9-15%). Hydrolysis. 
of the ester (1 g.) with alcoholic potassium hydroxide (25 c.c.; 10%) gave 8-7-hydroxycholesterol, 
which, after several crystallisations from methyl alcohol, separated in fine needles, m. p. 184— 
185°, [«]}* — 86-4° (J = 1, c = 0-98 in chloroform) (Found: C, 80-5; H, 12-1. C,,H,,O, re- 
quires C, 80-5; H, 11-5%). 

Active hydrogen. determination. 9-40 Mg. of 8-7-hydroxycholesterol evolved 0-98 c.c. of 
methane at 20°, corresponding to 1-9 atoms of active hydrogen. 

The diacetate, prepared by means of acetic anhydride in pyridine solution, separated from 
aqueous alcohol in needles, m. p. 121—122°, [a]}®’ — 174-6° (7 = 1, c = 0-86 in chloroform) 
(Found: C, 76-1; H, 10-35. (C,,H,,O, requires C, 76-5; H, 10-3%). The dibenzoate, prepared 
by means of benzoy! chloride in pyridine, separated from alcohol in fine needles, m. p. 150—151°, 
[a]?? — 105-3° (J = 1, c = 1-32 in chloroform) (Found: C, 80-6; H, 9-2. C,,H,,O, requires 
C, 80-6; H, 89%). 

B-7-Hydroxycholesterol Oxide.—8-7-Hydroxycholesterol (1-4 g.) in chloroform (20 c.c.) was. 
treated with a solution of perbenzoic acid in chloroform (1-1 atoms O) and set aside at 0° for 18 
hours. After removal of the solvent, the residue was taken up in ether, and the solution washed 
with aqueous sodium carbonate and then water. Removal of the solvent, followed by repeated. 
crystallisation of the residue from methyl alcohol, gave 8-7-hydroxycholesterol oxide in small 
plates, m. p. 173—175°. The oxide gave no coloration either with the antimony trichloride 
reagent or with tetranitromethane in chloroform (Found: C, 77-5; H, 10-4. C,,H,,O, requires 
C, 77-5; H, 110%). §-7-Acetoxycholesteryl acetate oxide, prepared by refluxing the diol oxide 
with acetic anhydride in pyridine, separated from alcohol in needles, m. p. 203—204° (Found : 
C, 74:5; H, 9-8. C,,H,,0, requires C, 74:0; H, 10-0%). 

Thermal Decomposition of 8-7-Benzoyloxycholesteryl Benzoate——The dibenzoate was heated 
in a retort at 200° and 1 x 10°* mm. for 4 hours. The residue after trituration with acetone 
was crystallised from chloroform—acetone, from which 7-dehydrocholesteryl benzoate separated 
in plates, m. p. 134—136° and clearing completely at 170°. The compound showed no depression 
on admixture with an authentic specimen, prepared by the method of Windaus, Lettré, and 
Schenck (loc. cit.); it exhibited the typical ultra-violet absorption spectrum of ergosterol 
(Found: C, 83-6; H, 10-2. Calc. for C,,H,,0,: C, 83-5; H, 9-9%). 

Tetrahydroxycholestane.—The chloroform-ether extract A om concentration gave a 
crystalline mass, which after repeated crystallisation from ethyl acetate yielded tetrahydroxy- 
cholestane hydrogen phthalate in needles, m. p. 236—237° (Found: C, 72-3; H, 8-9. Cs;,H,,0, 
requires C, 71-9; H, 9-0%). Hydrolysis of the ester with alcoholic potassium hydroxide 
(10%), followed by crystallisation of the product from aqueous alcohol, gave tetrahydroxy- 
cholestane in fine needles, m. p. 235-—-236°, which contained solvent of crystallisation (Found : 
C, 71-0; H, 11-4. C,,H,,0,,H,O requires C, 71-3; H, 11-1%). The anhydrous tetrol, m. p. 
230—231°, was obtained by high-vacuum sublimation of the solvated material (Found : C, 74-5; 
H, 10-8. C,,H,,0, requires C, 74:3; H, 11-1%). Crystallisation of the anhydrous tetrol from 
aqueous alcohol gave the solvated tetrol, m. p. 235—236°. 

The triacetate, prepared from the hydrated tetrol by refluxing with acetic anhydride, separated 
from aqueous alcohol in needles, m. p. 219—220°, (a]}” + 23-1° (1 = 1, c = 0-65 in chloroform) 
(Found: C, 70-7; H, 9-6. C,,H,,0, requires C, 70-4; H, 9-7%). The tribenzoate separated 
from methyl alcohol in fine needles, m. p. 271—272°, [a]}?" + 114-0° (J = 1, ¢ = 1-77 in chloro- 
form) (Found: C, 76-8; H, 8-1; M, 746. C,ysH,,O, requires C, 76-95; H, 8-1%; M, 748). 

Hydroxy-keto-acid, Ce,H,,O, (II1).—The chloroform-—ether mother-liquors from tetrahydroxy- 
cholestane hydrogen phthalate on further concentration gave intractable resin. The solvent was 
completely removed, and the residue (8 g.) hydrolysed by refluxing with alcoholic potassium 
hydroxide (160 c.c.; 10%). After dilution with water the mixture was extracted with ether, 
and the aqueous solution acidified with dilute sulphuric acid. The oily acids were isolated by 
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means of ether and boiled repeatedly with water to remove phthalic acid. The residual acidic 
material could not be induced to crystallise; it was directly distilled at 1 mm., the pale yellow 
oil obtained partly solidifying in the receiver. The semi-solid distillate was taken up in ether 
and washed with dilute sodium carbonate solution. After removal of solvent, the residue was 
repeatedly crystallised from alcohol; the diethenoid hydrocarbon (IV) then separated in needles, 
m. p. 76°, showing no depression on admixture with the hydrocarbon prepared by a similar dis- 
tillation of the acid fraction of the oxidation products of cholesteryl acetate with chromic acid 
(Found: C, 88-2; H, 12-2. Calc. for C,,H,y,: C, 88-1; H, 11:9%). 


The authors’ thanks are due to the Governors of the Royal Technical College, Glasgow, for 
the award of the James Young Exhibition (T. B.) and to the Department of Scientific and In- 
dustrial Research for a personal grant (E. G. P.). 
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311. The Alkaloids of Ergot. Part VII. isoHrgine and isoLysergic 
Acids. 


By SYDNEY SMITH and GEOFFREY MILLWARD TIMMIS. 


In the group of ergot alkaloids the property of physiological activity is accompanied by 
that of levorotation and usually by the ability to crystallise in association with solvents. 
It is also characteristic that the levorotatory, physiologically active alkaloids can be 
transformed readily into alkaloids of high dextrorotation with only a weak physiological 
action and that the change is readily reversible. The ergot alkaloids thus fall into two 


groups : 


Physiologically active. [a] sae1- Physiologically weak. [a] sae:- 
P-Ergotimine ...........scseceeeeeeeeees +513° 

PIED So accncisqueccsccuadesenctal — 226° FEEIID co cccccccvancccccscncncssceegs +466 
SOME Sidcisccctinnvdaccevesecdouases —181 HESMOCRTMIMIMG.... .2...0.00ccesscsscseccese +450 
EQOMOETIMS oo. ccc ccsivcsccseicevceees -- Ergometrinine ...........cccccsceesees +520 


All rotations are for solutions in chloroform: the value for ergometrine is omitted, as it 
cannot be determined in this solvent owing to the sparing solubility of the alkaloid. For 
solutions in pyridine the values (not previously published) are : ergometrine [«]5f,, — 16° 
(c = 1), ergometrinine [«]3%;, + 596° (c = 0-5). Sensibamine and ergoclavine are not 
included in this table, since according to Stoll (Schweiz. Med. Woch., 1935, 65, 885, 1077) 
and E.P. Specification 7972/1935, Chem. Works, formerly Sandoz, they are not definite 
substances, but mixtures. 

It has already been shown that all the ergot alkaloids on alkaline hydrolysis yield the 
same dextrorotatory base ergine, C,,H,,ON, (Smith and Timmis, J., 1932, 763, 1543; 
this vol., p. 1166) or, on more drastic treatment, the carboxylic acid, lysergic acid (Jacobs 
and Craig, J. Biol. Chem., 1934, 104, 547), of which ergine is the amide. Since ergine has 
a high dextrorotation, [«]3§, -+- 598° (in chloroform, c = 1-5), and only a weak physiological 
activity, properties typical of the ergotinine rather than of the ergotoxine group, it seemed 
probable that the methods used for the conversion of ergotinine into ergotoxine could be 
successfully employed for the conversion of ergine into a new levorotatory isomeride 
which might have a more powerful physiological action. Ergine has now been converted 
by these methods into an isomeric base, isoergine, the specific rotation of which cannot be 
determined in chloroform solution owing to sparing solubility, but which in pyridine 
solution has [«]3%, + 25°, the corresponding value for ergine in pyridine solution being 
+ 635°. The difference between the two values is practically identical with that between 
ergometrine and ergometrinine, also in pyridine solution. The reverse change of tsoergine 
into ergine can be effected readily, thus showing a close similarity to the interconversion 
of the above alkaloidal pairs. There can thus be little doubt that the isomerism of the 
ergot alkaloids is associated with the ergine nucleus which is common to them all. The 
physiological activity of isoergine is under examination at the Wellcome Physiological 
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Research Laboratories, but the results so far obtained indicate but little difference in 
activity between ergine and isoergine (Dr. White, private communication). Nevertheless 
it seems probable that the physiologically active alkaloids have the tsoergine configuration 
and that a high degree of physiological activity only occurs when the tsoergine nucleus is 
attached to a side chain which may be as short as -CHMe-CH,°OH in the case of ergo- 
metrine or longer and more complex as in the alkaloids of higher molecular weight. 

Since ergine on alkaline hydrolysis gives lysergic acid, it might at first be expected 
that isoergine would give a corresponding tsolysergic acid. Investigation showed that 
alkalis rapidly isomerise ergine and isoergine to an equilibrium mixture of the two bases 
and that isolysergic acid (obtained by another method; vide infra) is partly isomerised by 
alkalis to lysergic acid. Actually only the latter acid could be obtained by the alkaline 
hydrolysis of either ergine or isoergine, though with larger quantities of material it might 
be possible to separate the iso-acid which is presumably present in equilibrium with lysergic 
acid. isoLysergic acid can be prepared from lysergic acid by the methods employed for 
the conversion of ergotoxine into ergotinine or better by the action of hot water. It has 
the high dextrorotation typical of the ergotinine group : 


(@) saer- [a] sae1- 
Ergometrine  ..........eecseeeeeeeeeeees —16° Ergometrinine ...........c.cccsscesses +596° 
SSOETZINE .......ccccsecccccccesccsccsccess +25 MME ea dnlnesancntsatansdecRescénckeacses +635 
Lysergic acid .........cceceesceeeeeeeees +49 tsoLysergic acid............seeeseseeees +365 


All the rotations are for solutions in pyridine. 

With diazomethane, isolysergic acid is more slowly esterified than lysergic acid. This 
may be due to the effects of steric hindrance caused by geometrical isomerism or alternatively 
by isomerism due to the shifting of a double bond. A formula provisionally suggested for 
lysergic acid by Jacobs and Craig (J. Biol. Chem., 1936, 118, 771) contains the structure 
(I), which can be constructed in two forms in which the NMe group occupies different 


¢ CH, Coe 
Z 
= H = 
(I) _ ( | H, Ow: (II.) 
NY v¥ 
HO,C Me HO,C Me 


positions relative to the carboxyl group. It also permits the shift of a double bond (II) 
which could powerfully affect the esterification rate (cf. the difference in esterification 
rate of §-ethylacrylic acid, CH,Me*CH:CH-CO,H, and §-ethylidenepropionic acid, 
CHMe:CH-CH,°CO,H; Sudborough and Thomas, J., 1912, 101, 320; Sudborough and 
Gittins, J., 1909, 95, 315). When steric hindrance to the esterification of a carboxylic 
acid occurs, it is usually also observed in the formation and hydrolysis of its amide. If 
differences could be observed in the rates of hydrolysis of the isomeric ergines, each of these 
bases might be linked up with the corresponding isomer of lysergic acid and thus confirm 
the relationships deduced by comparing the specific rotations of the acids and bases. 
Attempts to ascertain the comparative rates of hydrolysis of ergine and isoergine and their 
substitution products, ergometrine and ergometrinine, failed owing to the rapid production 
of an equilibrium mixture of the respective bases and acids referred to above. 

In addition to the optically active lysergic acids an optically inactive lysergic acid can 
be obtained by the action of barium hydroxide solution at a high temperature on either 
lysergic or isolysergic acid. It could not be converted back into lysergic or isolysergic 
acid by the action of alkalis. 


EXPERIMENTAL. 


Alkaline Hydrolysis of Ergometrine and Ergometrinine.—The experiment (this vol., p. 1168) 
in alkaline solution was repeated except that ergometrine (0-1 g.) was used instead of ergo- 
metrinine. The resulting mixed alkaloids weighed 0-079 g. and had [a]3%, + 176° (in methyl 
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alcohol, c = 0-5), which corresponds to a mixture of 0-054 g. of ergometrine and 0-025 g. of 
ergometrinine, of which 0-045 g. of ergometrine and 0-021 g. of ergometrinine were isolated. 

Ergometrine (1-0 g.), dissolved in a mixture of N-alcoholic potassium hydroxide (50 c.c.) 
and water (50 c.c.), was kept boiling under reflux in a current of nitrogen. Samples were 
withdrawn at intervals and the total alkaloids were isolated from each sample. The com- 
position of the alkaloidal mixture was ascertained from the rotation in each case and checked by 
separation of the constituents as previously described. 


NE, AND... « ocopactepnnrd qconceeedesecsdebansecogentimacctorseecusemmnteyre pores 15 45 75 135 
Base hydrolysed, % .......ccccccccccccvccsccccecceccccsccccccesccscsscccscosece 29 40 53 72 
fa}éter (in methyl alcohol, c = 0°5) of unhydrolysed base............ +260° +268° +266° +259° 


The above experiment was repeated except that ergometrinine was used instead of ergo- 
metrine. After 15, 30 and 45 minutes’ boiling, 28, 33 and 37% respectively of the base was 
hydrolysed. The residual bases had [«]3%, + 267°, + 270° and + 269° respectively (in methyl 
alcohol, ¢ = 0-5). 

The Conversion of Ergine into isoErgine.—Ergine (1-0 g.), dissolved in a mixture of 90% 
alcohol (33 c.c.) and 90% phosphoric acid (1-75 g.), was boiled for 10 hours in an atmosphere 
of nitrogen. Most of the alcohol was then removed by evaporation and the residual liquor, 
after being made alkaline with sodium carbonate, was extracted with chloroform. The extract, 
after being dried with potassium carbonate and treated with charcoal, was concentrated. 
Crude isoergine was deposited. It was washed with cold acetone, and then crystallised from 
hot methy] alcohol in stout solvent-free prisms, m. p. 242° (decomp,). The base is very sparingly 
soluble in chloroform and is much less soluble than ergine in acetone and pyridine. It has 
(ojos, ++ 25°; [a]? + 10° (in pyridine, c = 0-5). A suspension of the base in water gives with 
Pauly’s reagent an amber colour similar to that given by ergine, but developing more slowly, 
probably owing to the lesser solubility of isoergine in water. The blue colour given with - 
dimethylaminobenzaldehyde (Allport and Cocking, Quart. J. Pharm., 1932, 5, 341) is quanti- 
tatively the same as that given by ergine (Found: C, 72-1; H, 6-4; N, 15-6. C,,H,,ON, 
requires C, 71:9; H, 6-4; N, 15-7%). 

isoErgine hydrochloride was prepared by acidifying a suspension of isoergine in alcohol with 
hydrochloric acid and adding about 10% of water. On the addition of ether the salt crystallised 
slowly in needles containing one molecule of water of crystallisation. It is easily soluble in 
water, but less so than ergine hydrochloride. The anhydrous salt melts with decomposition 
at 269° after turning grey (Found: C, 63-0; H, 60; N, 13-9; Cl, 11-7. C,,H,,ON;,HCl 
requires C, 63-2; H, 6-0; N, 13-8; Cl, 11:7%. Found: Loss at 100° in a vacuum, 5-4. 
C,,.H,,ON;,HCI1,H,O requires H,O, 5-6%). 

Alkaline Hydrolysis.—Alkaline hydrolysis was tried with the object of relating ergine and 
isoergine to the two lysergic acids by means of the methods described in the experiments on 
ergometrine and ergometrinine. The results were similar in demonstrating the rapid inter- 
conversion of ergine and isoergine and the consequent impossibility of discovering any differences 
that might exist in the rates of hydrolysis of the two amides. When the hydrolysis was pro- 
longed beyond 1} hours, some decomposition of the lysergic acid nucleus was observed whereby 
non-basic material was produced. Ergine (1-0 g.) was hydrolysed im boiling solution with 50 c.c. 
of N-potassium hydroxide in alcohol and 50 c.c. of water. 


NE, MINN cca Acsbeceddicccsceceqssdedagiaapebnedacheckoescepgbaerenscsaceset 15 30 50 75 
Bass dnpdrabysd; %  <..0. cccccosecnsecssccvsccsovecevosvevsevccesoccseces 45 50 60 80 
(ajsie1 (in pyridine, c = 0°5) of unhydrolysed bases .............+. +277° +265° +265°  +250° 


The Interconversion of Ergine and isoErgine in Alkaline Solution.—Ergine (0-1 g.) was boiled 
for 15 minutes in N-alcoholic potassium hydroxide (10 c.c.) in an atmosphere of nitrogen. 
The red solution was diluted to 50 c.c. with water, acidified with hydrochloric acid, made 
alkaline with sodium carbonate, and exhaustively extracted with ether. The extract, after 
being dried over potassium carbonate, was evaporated and gave a residue (0-078 g.) which 
had [a]20;, +:.280° (pyridine, c = 0-5). This was triturated with acetone and the precipitate 
(isoergine) was removed. The filtrate was evaporated and the residue was treated with methyl 
alcohol, which precipitated ergine methyl alcoholate; [a]3%;, + 530° (pyridine, c = 0-5), m. p. 
131°. The filtrate was evaporated and triturated with chloroform, which yielded a small 
precipitate of isoergine. The yields of crude isoergine ([a]$%, + 50°; pyridine, c = 0-5) and 
ergine were respectively 0-039 g. and 0-028 g. By calculation from the rotation value the 
mixture contaihed 0-045 g. and 0-033 g. respectively. The identities of the isoergine and ergine 
were confirmed by elemeritary analysis. 
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isoErgine (0-1 g.) was treated with alkali in an exactly similar way. The basic residue 
weighed 0-079 g. and had [a]3%, + 260° (pyridine, c = 0-5). This yielded 0-040 g. and 0-027 g. 
of isoergine and ergine respectively. The calculated values were 0-048 g. and 0-031 g. 
respectively. 

Hydrolysis of isoErgine to Lysergic Acid.—isoErgine was hydrolysed by the method previously 
described for the hydrolysis of ergine (J., 1934, 674) and gave lysergic acid in about the same 
yield. Crystals of the dihydrate were obtained which were identified by the rotation ((«)#%, 
+ 55°; pyridine, c = 0-5, for anhydrous material) and elementary analyses. 

Lysergic acid, prepared from ergine as previously described (Joc. cit.) or by following sub- 
stantially the process of Jacobs and Craig (J. Biol. Chem., 1934, 104, 547), separated as a di- 
hydrate, which lost its water at 100° in a vacuum, though Jacobs and Craig describe only a 
monohydrate which was difficult to dehydrate. It melted at 240° (decomp.) and had [a)j%, 
+ 49°; [c]3° + 82° (in pyridine, c = 0-5) [Jacobs and Craig, Joc. cit., record [a]}” + 40° (in 
pyridine, c = 0-5)]. The variation in the specific rotation is probably due to contamination 
with the highly dextrorotatory isolysergic acid (see below) formed by the isomerising action of 
hot water. 

Methy] lysergate is more rapidly formed in benzene than in ether (J., 1934, 674) or acetone 
(J. Biol. Chem., 1934, 104, 550). A suspension of the acid in benzene containing a trace of 
methyl alcohol was treated with a solution of diazomethane in benzene, the reaction being 
complete within a few minutes. The ester crystallised from benzene in leaflets containing one 
molecule of benzene. The specific rotation, not previously recorded, is [«]?%, + 115°; [a]? 
+ 82° (in chloroform, c = 0-5). 

Conversion of Lysergic Acid into isoLysergic Acid.—Lysergic acid is partly converted into 
the isomeric acid by the action of pyridine, hot methyl or ethyl alcohol or sodium hydroxide 
solution, but the best method was found to be the action of boiling water. A solution of lysergic 
acid (2 g.) in boiling water (500 c.c.) was boiled in an atmosphere of nitrogen for 6 hours. The 
solution was evaporated under reduced pressure to a volume of 100 c.c., treated with charcoal, 
and cooled. A semicrystalline solid (1-4 g.) separated, with [c]?%, + 230° (pyridine, c = 0-5). 
It was dissolved in dilute aqueous ammonia and fractionally precipitated with acetic acid. 
The first crop, [«]?%, + 290° (pyridine, c = 1), was refractionated from solution in aqueous 
ammonia as before, and the first crop recrystallised from hot water to give pure isolysergic 
acid. It crystallises with two molecules of water and is more soluble in water and in pyridine 
than lysergic acid. It melts with decomposition and effervescence at 218°, and has for the 
anhydrous substance [a]?%;, + 368°, [a]?” + 281° (in pyridine, c= 1). isoLysergic acid is a 
stronger base than lysergic acid. Aqueous solutions (0-2%) of the two acids treated with 
methyl-red showed a redder colour for lysergic acid, thus confirming the evidence for the stronger 
basicity of isolysergic acid which was afforded by the fractional precipitation method of separat- 
ing the two acids (Found: C, 71-8; H, 5-8; N, 10-5. C,,H,,O,N, requires C, 71-6; H, 5-9; 
N, 10-4%). 

isoLysergic acid nitrate was deposited in well-formed needles when 10% aqueous nitric acid 
was added to an aqueous solution of isolysergic acid. It melted and decomposed at about 185° 
(Found for material dried at 80° in a vacuum : C, 55-0; H, 5-3; N, 11-7. C,.H;,0,N,,HNO,,H,O 
requires C, 55-0; H, 5-5; N, 12-0%). 

Methylation of isoLysergic Acid.—Repeated trials showed that, under the same conditions, 
isolysergic acid takes at least six to seven times as long to esterify with diazomethane as lysergic 
acid, though both acids are practically insoluble in cold benzene. For example, lysergic acid 
(0-04 g.) and isolysergic acid (0-04 g.), both anhydrous, were each suspended in benzene (4 c.c.) 
containing 5% of methyl alcohol and to each was added a benzene solution (3-5 c.c.) of diazo- 
methane prepared from nitrosomethylurea (0-35 g.), a large excess of diazomethane thus being 
provided. Both solutions were then shaken under identical conditions. The lysergic acid was 
dissolved in 10 minutes, but the isolysergic acid required 70 minutes. In a separate test the 
material remaining undissolved after the methylation of isolysergic acid had started was 
separated and recrystallised quickly from boiling water. The crystals were proved to be iso- 
lysergic acid by their melting point, optical rotation ([«]3%, + 365°, pyridine, c = 1, for the 
substance dried at 100°), elementary analysis, and qualitative properties. 

Methyl isolysergate, purified by crystallisation from benzene, formed slender rods containing 
no solvent of crystallisation. It melted with decomposition at 174° after sintering at 170°. 
It had [a], + 236°, [a]? + 179° (in chloroform, c = 0°5) (Found: C, 72-6; H, 6-5; N, 10-0; 
NMe, 10-5; OMe, 8-8. C,,H,,0,N, requires C, 72-3; H, 6-4; N, 9-9; NMe, 10-4; OMe, 9-4%). 
Conversion of isoLysergic Acid into Lysergic Acid.—isoLysergic acid (0-1 g.), dissolved in 
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3 c.c. of 10% aqueous potassium hydroxide, was heated on the steam-bath for 1 hour in an 
atmosphere of nitrogen. On acidification of the brown solution with acetic acid crude lysergic 
acid was precipitated. On purification this yielded semicrystalline lysergic acid (0-06 g.), which 
crystallised from hot water in the characteristic leaflets of lysergic acid; m. p. 240°, [«]?%, 
+ 60° (in pyridine, c = 1) for the anhydrous substance. 

Inactive Lysergic Acid.—Lysergic acid (2 g.), dissolved in 1-5% barium hydroxide solution 
(50 c.c.), was heated at 150° in an atmosphere of nitrogen for 4 hours. The solution after cooling 
was filtered from a small black precipitate and made just acid to litmus with hydrochloric 
acid. The grey semicrystalline precipitate was filtered off and dissolved in boiling water 
(300 c.c.), and the solution treated with charcoal, filtered, and cooled; the practically pure 
crystalline acid was then deposited. Further quantities were obtained by extracting the charcoal 
with boiling water and by concentration of the mother-liquor. Yield, 1-15 g. The acid crystal- 
lises from water in leaflets. It melts with decomposition at 250° and is less soluble than lysergic 
acid in water (Found for the dried substance: C, 71-6; H, 6-2; N, 10-4. C,,H,,O,N, requires 
C, 71-6; H, 5-9; N, 104%. Found: Loss at 100° in a vacuum, 12-0. C,,H,,O,N,,2H,O 
requires H,O, 11-8%). 

The methyl ester was prepared in the same way as the esters of lysergic and isolysergic acids. 
The reaction with diazomethane was slower than in the case of lysergic acid. The ester 
crystallised from benzene in rods, which melted indefinitely with decomposition at about 160° 
(Found for material dried at 80° in a vacuum: C, 72-2; H, 6-3; N, 9-9; NMe, 10-5; OMe, 8-8. 
C,,H,,0,N, requires C, 72-3; H, 6-4; N, 9-9; NMe, 10-4; OMe, 9-4%). 

Action of Alkali on Inactive Lysergic Acid.—The acid (0-1 g.), dissolved in a mixture of N- 
alcoholic potassium hydroxide (5 c.c.) and water (5 c.c.), was boiled in an atmosphere of nitrogen 
for 1 hour. Crystalline inactive lysergic acid (0-082 g.) was recovered from the solution and 
neither of the other lysergic acids could be detected in the mother-liquor. 


We wish to acknowledge the assistance of Mr. J. E. Brooks in the laboratory work and our 
indebtedness to Mr. A. Bennett and Mr. H. C. Clarke, who carried out the micro-analyses. 


WELLCOME CHEMICAL WorRKsS, DARTFORD. [Received, August 19th, 1936.] 


(ADDENDUM: October 3rd.)—Following the submission of the above paper, Jacobs and 
Craig (J. Biol. Chem., 1936, 115, 227) have reported the isolation of the isomeric «- and y-dihydro- 
lysergic acids, from, e.g., ergotamine and ergotaminine, by hydrogenation and then hydrolysis. 
This confirms the view (see above and Part VI) that the presence of lysergic acid in the alkaloids 
of this series is probably responsible for their characteristic isomerisation. Jacobs and Craig 
also show that reduction of the double bond in methyl «-dihydrolysergate suppresses its ability 
to isomerise. This result supports our suggestion (see above) that the isomerisation may be 
due to shifting of the double bond. 





312. The Condensation of Ethyl a-Bromoisobutyrate with n-Alkylmalonic 
Esters. A Note on the Structure of the Lupin Alkaloids. 


By H. N. Rypon. 


Bone and SPRANKLING (J., 1899, 75, 839) showed that, when «-bromo-esters (I) were 
condensed with sodioalkylmalonic esters (II; X = CO,Et) in alcoholic solution, the 
product contained not only the expected carbethoxysuccinic ester (III1; X = CO,Et), but 
also, and sometimes in preponderating amount, the isomeric carbethoxyglutaric ester (IV; 
X = CO,Et). 

R’-CMe-CO,Et R’ , , X R’-CH-CO,Et 

a ix-cOe Mate t ECR BG,. To Sapemacoogn 

(III.) (I.) (II.) (IV.) 
Reactions of this type have been extensively employed in synthetic work for the 

production of compounds of type (III) and Ing (J., 1933, 504) employed the reaction for 
the synthesis of a compound of type (IV). Owing to the possibility of confusion arising 
from the use of this process it appeared desirable to inquire more deeply into the structural 
factors governing its course. Particular attention has been paid to the effect of variations 
in R. 
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Bone and Sprankling (loc. cit.) estimated the proportion of (III) and (IV) in their 
products by hydrolysis and decarboxylation to the corresponding dibasic acids, which 
were readily separated by means of their calcium salts, that of the substituted succinic 
acid (from III) being considerably the less soluble. This method has been found to be 
fairly satisfactory and the results are summarised in the following table : 

(II.) % “ Succinic ” (III).* % “ Glutaric” (IV).* | Observer.t 
Ethyl malonate 33 B.S. 
Ethyl methylmalonate 100 }100 BS.; R. 


Ethyl ethylmalonate 100 R. 
Ethyl »-propylmalonate 91 R. 
Ethyl n-butylmalonate 65 R. 

53, *} 52 R. 


Ethyl n-amylmalonate ‘ 47, 51 


* These percentages are calculated on the total dicarboxylic acid isolated. 
t B.S. = Bone and Sprankling, Joc. cit.; R. = this paper. 


Consideration of these results together with the other results of Bone and Sprankling 
(loc. cit.) leads to three main conclusions regarding the influence of the nature of R, R’ and 
X on the relative proportion of (III) and (IV). First, the proportion of (IV) increases as 
X becomes successively CO*-CHs, CN, and CO,Et. Secondly, when R = Me the formation 
of (IV) is favoured more than when R = H; but, as R becomes successively Et, Pr*, Bu*, 
and Am‘, the proportion of (IV) diminishes in a tolerably regular manner. Thirdly, when 
R’ = Me, (IV) is formed to a greater extent than when R’ = H. 

Owing to the complex nature of the reactions involved, it is not possible to put forward, 
with any degree of certainty, a theoretical explanation of the phenomena outlined above. 
From the practical point of view, however, it is evident that reactions of this type must 
be used in synthetic work with some caution; the results of Lawrence (P., 1901, 16, 154) 
suggest that they may be employed with more confidence when carried out in hydrocarbon 
solvents. 

Ing (loc. cit.) had to a large extent based his structures for anagyrine, lupanine and 
sparteine on the supposed identity of his synthetic ‘‘ «-methyl-«’-n-amylglutarimide ” 
with the imide, C,,H,,O,N, obtained by the degradation of anagyrine, and Clemo and 
Raper (J., 1933, 644) advanced alternative formule for the last two alkaloids which were 
also, in principle, based on this identity. Since the work here described demonstrated 
that Ing’s synthetic material was not homogeneous, it appeared desirable to synthesise 
the isomeric aa-dimethyl-«’-n-amylsuccinic and a-methyl-«’-n-amylglutaric acids and 
their imides for direct comparison with the material obtained from anagyrine. 

To this end ethyl «-cyano-«’a’-dimethylsuccinate, of the homogeneity of which there 
is no doubt (Bone and Sprankling, Joc. cit.; E. H. Ingold, J., 1925, 127, 470), was condensed 
with n-amyl bromide, and the resulting ethyl «-cyano-a'«'-dimethyl-«-n-amylsuccinate 
hydrolysed and decarboxylated to ««-dimethyl-a'-n-amylsuccinic acid, m. p. 119°, which was 
identical with that separated from the mixture obtained from ethyl «-bromozsobutyrate 
and ethyl m-amylmalonate. «aa-Dimethyl-«'-n-amylsuccinimide, prepared from the syn- 
thetic acid, had m. p. 64—65° and this was depressed to 53—57° on admixture with the 
imide obtained from anagyrine (which melted at 58—60° *), a specimen of which was 
kindly provided by Dr. Ing. 

cis-a-M ethyl-«'-n-amylglutaric acid was synthesised by the following series of reactions : 


Me-CH-CO,Et aye Me‘CH-CO,Et ps Me-CH-CO,Et 
CHO iets aoe” 
Am*CH(CO,Et), 


Me-CH-CO,Et 


Me-CH-CO,H 
hydrolysis and H 


(Hs —— 2 
decarboxylati 
Am*CH-CO,H  “""*""""— Am*-C(CO,Et), 
* Dr. Ing (loc. cit., p. 509) records m. p. 52—54°; he has since confirmed the amended m. p. given 
above. . 
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The product was identical with that isolated from the mixture obtained from ethyl ”-amy]l- 
malonate and ethyl «-bromoisobutyrate, having m. p. 74—75°. cis-a-Methyl-«'-n-amyl- 
glutarimide, prepared from this acid, had m. p. 71—72° and on admixture with the imide 
from anagyrine, raised its m. p. to 59—64°. Although, owing to the apparent non- 
homogeneity of the imide from anagyrine, the evidence is not wholly satisfactory, it may 
be concluded that this is, in all probability, «-methyl-«’-n-amylglutarimide, and, hence, 
that the constitutions assigned to the lupin alkaloids by Ing and by Clemo and Raper 
(loc. cit.) are well founded in this particular.* 


EXPERIMENTAL. 


Ethyl «-bromoisobutyrate, prepared from isobutyric acid, was redistilled; b. p. 58°/12 mm. 

Condensations (1)—(5) were carried out in the following manner: 0-05 G.-mol. of the 
alkylmalonic ester was added to sodium ethoxide (sodium, 1-15 g.; absolute alcohol, 15 c.c.), 
and 0-05 g.-mol. of ethyl «-bromoisobutyrate added to the mixture. After refluxing for 48 hours, 
the product was poured into water, acidified, and extracted with ether. After removal of the 
ether from the dried extract the residue was fractionated. The low fractions were in all cases 
identified as mainly unchanged initial materials. 

(1) Condensation with Ethyl Methylmalonate.—The principal product was an oil, b. p. 150— 
154°/11 mm., 8 g. (61%). A low fraction consisted of ethyl a-bromoisobutyrate (35%), 
containing, presumably, some ethoxy-ester (Found: Br, 30-2. Calc. for C,H,,0,Br: Br, 
41-0%). 

8 G. of the condensation product were refluxed for 15 hours with 10 g. of potassium hydroxide 
in 35 c.c. of water. Extraction of the acidified solution with ether and evaporation of the dried 
extract left an oil which readily solidified in a vacuum; 5-7 g. (100%), m. p. (tiled) 157—160° 
(decomp.). 5 G. of this tricarboxylic acid were heated at 160—180° for 30 minutes, copious 
evolution of carbon dioxide taking place. The residue readily solidified in a vacuum desiccator ; 
3°5 g. (95%), m. p. (tiled) 94—-98°. After being converted into the ammonium salt, it gave no 
precipitate with hot calcium chloride solution, indicating the absence of trimethylsuccinic acid. 
Furthermore, treatment with acetyl chloride (Auwers and Thorpe, Annalen, 1895, 285, 311) 
yielded only cis-aa’-dimethylglutaric anhydride, m. p. 94°, and tvans-aa’-dimethylglutaric acid, 
m. p. 140°. 

(2) Condensation with Ethyl Ethylmalonate.—8-5 G. (63%) of condensation product, b. p. 
158—161°/13 mm., were obtained. 8 G. of it, treated (48 hours) with potassium hydroxide 
solution as described under (1), afforded 5-8 g. (100%) of an oil which readily solidified in a 
vacuum. This, heated at 160—180° for 30 minutes, lost carbon dioxide; the product readily 
solidified in a vacuum, m. p. (tiled) 65—70°; 4-05 g. (88%). As ammonium salt it gave no 
precipitate with boiling calcium chloride solution, thus ,being free from e«’-dimethyl-«’-ethyl- 
succinic acid. 

1-39 G. of the acid were heated on the steam-bath for 30 minutes with 1-5 c.c. of acetyl 
chloride. The excess of acetyl chloride was removed in a vacuum over sodium hydroxide, and 
the residue heated at 200° with 0-5 g. of urea for 15 minutes. The cooled product was triturated 
with sodium bicarbonate solution, and the insoluble material filtered off; on recrystallisation 
from petroleum (b. p. 80—100°) cis-a-methyl-a'-ethylglutarimide was obtained in long hair-like 
needles, m. p. 116° (Found: C, 62-0; H, 8-5; N, 9-2. C,H,,0O,N requires C, 61-9; H, 8-4; 
N, 9:0%). This was refluxed overnight with concentrated hydrochloric acid; on cooling, pure 
cis-x-methyl-a’-ethylglutaric acid crystallised in needles, m. p. 63°. The sodium bicarbonate 
filtrate from the crude imide was acidified and extracted with ether. Evaporation of the dried 
extract yielded tvans-a-methyl-a’-ethylglutaric acid, which, crystallised from light petroleum 
(b. p. 60—80°), had m. p. 107°. The cis- and the trans-isomer appeared to be present in about 
equal amounts. .. 

(3) Condensation with Ethyl n-Propylmalonate.—9-5 G. (60%) of condensation product were 
obtained, b. p. 163—166°/14 mm. 8-5 G. of it, by the treatment (7 days) with potassium 
hydroxide solution, gave an oil which readily solidified, m. p. (tiled) 143—145°. This was 
decarboxylated by heating at 160° for 30 minutes. The product became only semi-solid in a 
vacuum desiccator after 10 days. 2-14 G. were dissolved in water, made alkaline with aqueous 
ammonia, and boiled with excess of 25% calcium chloride solution. The precipitated calcium 
salt was collected hot and dissolved in hydrochloric acid; ether then extracted 0-17 g. (8-0%) 


* Since this paper was submitted for publication this conclusion has been amply confirmed by the 
synthesis of dl-oxysparteine (Clemo, Morgan, and Raper, this vol., p. 1025). 
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of an oil which solidified in a vacuum; crystallisation from water yielded ««-dimethyl-a’-n- 
propylsuccinic acid, m. p. 145°. 

The filtrate from the calcium salt was acidified and extracted with ether. Evaporation of 
the dried extract left 1-88 g. (87-5%) of a sticky mass. 1-19 G. of this were refluxed for 20 
minutes with 2 c.c. of acetyl chloride. After exposure to sodium hydroxide in a vacuum 
desiccator the residue was heated at 150—200° for 50 minutes with 0-5 g. of urea. The cooled 
material was triturated with sodium bicarbonate solution; the filtered liquid, on acidification 
and extraction with ether, afforded a small amount of impure trans-a-methyl-«’-n-propylglutaric 
acid, m. p. 95°. The insoluble material was recrystallised from light petroleum (b. p. 60—80°), 
cis-a-methyl-a'-n-propylglutarimide, m. p. 78° (Found: N, 8-2. C,H,,O,N requires N, 8-3%), 
being obtained in good yield. The imide was refluxed with concentrated hydrochloric acid for 
10 hours; extraction with ether afforded cis-«-methyl-a’-n-propylglutaric acid, m. p. 53° after 
one crystallisation from light petroleum. 

(4) Condensation with Ethyl n-Butylmalonate.—A 64% yield of condensation product, b. p. 
173°/14 mm., was obtained. 10G. were refluxed for 11 days with a solution of 20 g. of potassium 
hydroxide in 20 c.c. of water. From the acidified solution, ether extracted an oil, which was 
decarboxylated by heating at 140—160° for 25 minutes. Separation of 4-03 g. of the decarboxyl- 
ation product by means of the calcium salts in the usual manner afforded 1-34 g. (33%) of 
aa-dimethyl-a'-n-butylsuccinic acid [Found: equiv. (by titration), 102-2. C, 9H,,O, (dibasic) 
requires equiv., 101-1] and 2-51 g. (62%) of a-methyl-a'-n-butylglutaric acid [Found: equiv. 
(by titration), 102-0. C,,H,,O, (dibasic) requires equiv. 101-1]. Both substances were thick 
oils which neither solidified nor gave solid derivatives. 

(5) Condensation with Ethyl n-Amylmalonate.—11 G. (64%) of condensation product, b. p. 
140—145°/1—2 mm. were obtained. 11 G. were refluxed for 100 hours with a solution of 
potassium hydroxide (12 g.) in water (40 c.c.). Extraction of the acidified solution and 
evaporation of the dried extract afforded an oil, which solidified in a vacuum; m. p. 105—115°. 
This was decarboxylated by heating at 150° for an hour. The product, after standing in a 
vacuum for some weeks, deposited leaflets, m. p. 70—72°. These were recrystallised from light 
petroleum and identified as cis-x-methyl-«’-n-amylglutaric acid, m. p. and mixed m. p. 76°. 

1-15 G. of the decarboxylation product were dissolved in 100 c.c. of boiling water and 
submitted to the ammonia-calcium chloride treatment. The precipitated calcium salt was 
collected hot and dissolved in dilute hydrochloric acid; ether extracted 0-52 g. (45%) of 
“succinic” acid. The filtrate was acidified and treated similarly, 0-57 g. (50%) of ‘‘ glutaric ” 
acid being obtained. Four independent separations gave 45 and 50, 53 and 47, 43 and 56, 48 
and 49% of “succinic” and “ glutaric” acid respectively. The “ succinic ’’ acid readily 
solidified in a vacuum and, on recrystallisation from water containing a little alcohol, ««-dimethyl- 
a’-n-amylsuccinic acid was obtained in flattened needles, m. p. 119°, unchanged on admixture 
with the synthetic product (below). The “ glutaric” acid solidified in a vacuum and, on 
recrystallisation from water, afforded cis-a-methyl-«’-n-amylglutaric acid [Found: C, 61-0; 
H, 9-3; equiv. (by titration), 108-4. C,,H,.O, (dibasic) requires C, 61-1; H, 9-3%; equiv., 
108-1] in feathery aggregates of plates, m. p. 76°. No tvans-acid was detected in the product. 

(6) Synthesis of ax-Dimethyl-c'-n-amylsuccinic Acid.—Ethyl-a’-cyano-xe-dimethylsucoimate 
(Bone and Sprankling, J., 1899, 75, 839) (16 g.) was added to sodium ethoxide (from sodium, 
1-6 g., and absolute alcohol, 20 c.c.), followed by 11 g. of m-amyl bromide. The mixture was 
refluxed overnight and worked up in the usual manner, 13 g. (60%) of ethyl «-cyano-a'a'-dimethyl- 
a-n-amylsuccinate being obtained as a viscous oil, b. p. 187—191°/22 mm., 137°/0-9 mm. (Found : 
N, 4:9. C,,H,,O,N requires N, 4-7%). 13 G. of this ester were refluxed for 48 hours with a 
solution of 30 g. of potassium hydroxide in 30 c.c. of water. Extraction of the acidified solution 
afforded 8 g. of a sticky nitrogenous material; this was refluxed overnight with 50 c.c. of 
concentrated hydrochloric acid. On cooling, 5-9 g. (62%) of crude acid separated, and on 
recrystallisation from water containing a little alcohol afforded aa-dimethyl-a'-n-amylsuccinic 
acid in flattened needles, m. p. 119° [Found: C, 61-5; H, 9-5; equiv. (by titration), 108-5. 
C,H 0, (dibasic) requires C, 61:1; H, 9-3%; equiv., 108-1). 

(7) Synthesis of a-Methyl-a'-n-amylglutaric Acid.—40 G. of ethyl a-formylpropionate (Wheeler 
and McFarland, Amer. Chem. J., 1910, 48, 22) were dissolved in 300 c.c. of wet ether, and 10 g. 
of aluminium amalgam added. After 12 hours, the alumina was removed and washed with 
ether. Evaporation of the dried filtrate and washings left an oil which, on distillation, yielded 
30 g. (60%) of ethyl $-hydroxyisobutyrate, b. p. 81—82°/12 mm. 14 G. of this ester were 
dissolved in 10 c.c. of chloroform, 21 g. of phosphorus tribromide in 15 c.c. of chloroform added 
dropwise, with shaking, during 45 minutes, and the mixture heated on the steam-bath for 2 
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hours and poured into water. Extraction with chloroform, followed by drying and distillation, 
yielded 6 g. (30%) of ethyl B-bromoisobutyrate, b. p. 91—93°/19 mm. (Found: Br, 40-8. 
C,H,,0,Br requires Br, 41-0%). 7 G. of ethyl B-hydroxyisobutyrate were dissolved in 14 c.c. 
of dry ether, and 11 g. of phosphorus pentachloride added slowly to the ice-cooled solution. 
The mixture was refluxed on the steam-bath overnight, poured on ice, and extracted with ether. 
Distillation of the dried extract afforded 3 g. (40%) of ethyl 8-chloroisobutyrate, b. p. 56—58°/10 
mm. (Found: Cl, 23-6. C,H,,0,Cl requires Cl, 23-6%). 

7 G. of ethyl m-amylmalonate were added to sodium ethoxide (from sodium, 0-7 g., and 
absolute alcohol, 10 c.c.), followed by 6 g. of sodium iodide and 6 g. of ethyl 8-bromoisobutyrate, 
and the whole was refluxed overnight. Ethyl «a’-carbethoxy-«-methyl-«’-n-amylglutarate 
(4 g.; 40%), isolated in the usual manner, had b. p. 140—145°/3 mm. Use of the chloro-ester 
gave even poorer yields. 4 G. of the tricarboxylic ester were refluxed with 5 g. of potassium 
hydroxide in 20 c.c. of water for 70 hours. The product was acidified and extracted with ether. 
The gummy material obtained by evaporation of the dried extract was heated at 160—180° 
for 30 minutes. The product contained much tar but partly solidified on long standing in a 
vacuum desiccator. Recrystallisation of the solid from water afforded a small amount of 
a-methyl-«’-n-amylglutaric acid, m. p. 74—75°. 

(8) Preparation of Imides.—aa-Dimethyl-a'-n-amylsuccinimide. 0-5 G. of «a-dimethyl-a’-n- 
amylsuccinic acid was refluxed for 30 minutes with 2 c.c. of acetyl chloride. After exposure to 
sodium hydroxide in a vacuum the product was heated at 160—200° for 1 hour with 0-2 g. of 
urea and then triturated with sodium bicarbonate solution. Recrystalliged from light petroleum, 
aa-dimethyl-x'-n-amylsuccinimide was obtained in felted masses of prismatic needles, m. p. 
64—65° (Found: N, 7-2. C,,H,,0,N requires N, 7-1%). 

a-Methyl-a'-n-amylglutarimide. Similar treatment of 0-5 g. of cis-a-methyl-a’-n-amylglutaric 
acid (45 minutes; 1 c.c. of acetyl chloride) gave a product, which was heated at 180—190° 
for 20 minutes with 0-1 g. of urea and dried ina vacuum. Crystallisation from light petroleum 
yielded a-methyl-a'-n-amylglutarimide in felted masses of hair-like needles, m. p. 71—72° 
(Found: N, 7:3. C,,H,,0,N requires N, 7-1%). 

A mixture of the two imides had m. p. 52—56°. 

Imide from the condensation product of ethyl a-bromoisobutyrate and ethyl n-amylmalonate. 
The crude dicarboxylic acid (p. 1447) was converted as described above into the imide, m. p. 
53—57°. No effective separation was brought about by fractional crystallisation from light 
petroleum, five final fractions having m. p. 56—62°, 50—55°, 50—54°, 55—57°, and 51—58°. 
The initial product was mechanically separated into stout prismatic needles, m. p. 64—65°, 
and thin hair-like needles, m. p. 69°. A mixture of the two had m. p. 57—60°. 











The author’s thanks are due to the Royal Society and to the Chemical Society for grants. 
IMPERIAL COLLEGE, Lonpon, S.W. 7. (Received, May 23rd, 1936.] 








313. The Mechanism of Aromatic Side-chain Reactions with Special 
Reference to the Polar Effects of Substituents. Part VIII. The 
Polar Effects of Halogens. 


By Joun W. BAKER. 


THE theory of the mechanism of quaternary-salt formation previously developed (J., 1935, 
1840, and references there cited) and the data on which it was based have shown that, in 
the interaction of benzyl bromide with pyridine in dry acetone, the introduction of any 
nuclear substituent which causes an increase in electron availability at the side-chain 
C-Br linking increases the velocity of reaction, since it favours the inherently more probable 
(a) type of initiation of the necessary electron cycle (incipient anionisation of the bromine). 
On the other hand, introduction of a substituent group which has an electron-attractive 
power not greater than that of a f-nitro-group decreases this inherent probability and 
hence the velocity of reaction. ‘It follows, therefore, that within such prescribed limits,, 
the velocity with which a substituted benzyl bromide reacts with pyridine will provide 
reliable information concerning the total polar effect of the substituent. This criterion 
has now been applied to determine (1) the polar effects of certain unipolar groups in the 
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1, m-position, and (2) the polar effects of ambipolar (see J., 1935, 1840, footnote) halogen 

3. substituents. ! 

ve The new data are in Table I, in which the relevant data for the p-substituents are in- 

+ cluded for purposes of comparison. 

0 Taste I. 

1 Kinetic data for the interaction of R-C,H,CH,Br with pyridine in dry acetone 

, (C, = Cy = 0-025). 

“ R kp X 10 (1./g.-mol.-sec.). E (kg.-cals.). R. kp X 10 (1./g.-mol.-sec.). E (kg.-cals.). 

cr eo Or i ie ~ 

1 20° 40° 20° 40° 

‘ yee 1-22 4°82 12°5* OP rectiite 1:48 5°78 12°5 

7 p-NO, ... 1-12 4°33 12-3* P-Cl ...... 1:27 5°10 12-7 
m-NO, ... 0°99 3°53 11°5 p-Br ...... 1°30 5°19 12°6 
p-Me ...... 2-02 7-98 12-5t pI ...... 1-48 5°43 11-9 

f m-Me ...... 1°43 5°15 11:7 M-F  ....0. 0°95 "3°62 12°5 
$-Bu’ ...... 1-65 6°47 12-5f m-Cl ...... 1-08 4:07 12°1 
m-BuY ... 1°22 4°82 12°5 m-Br ...... 1:07 3°77 11°5 

BE “eovsas 114 4°13 11°8 
* J., 1935, 519. t Ibid., p. 1840. 


The velocity of the m-nitrobenzyl bromide is less than that of the p-isomeride, thus con- 
firming an earlier preliminary result (J., 1933, 1130). This observation, considered in 
conjunction with the data already obtained for the o-nitro- (this vol., p. 399) and 2: 4- 
dinitro-derivatives (J., 1935, 1840), makes it very difficult to escape from the conclusion 
that the electron attraction exerted by a nitro-group in the m-position functions almost 
exclusively to reduce the probability of the (a) type of initiation, whereas the greater 
electron attraction of this group in the p-position is just sufficient for its effect in favouring 
the (5) type of initiation (incipient electrostriction of the base) to be recognisable. Thus 
the minimum velocity in the graded polar series, known to occur between the unsubstituted 
parent and its p-nitro-derivative, is now located more exactly at m-nitrobenzyl bromide. 

Only two m-alkyl substituents were examined. The velocity of m-tert.-butylbenzyl 
bromide is experimentally indistinguishable from that of benzyl bromide itself, but the in- 
troduction of a methyl group in the m-position causes a small but definite increase in the 
reaction velocity. Thus from the m-, as from the p-position, the total electron release by a 
methyl group is greater than that of a ¢ert.-butyl. This confirms the earlier conclusion 
(J., 1935, 1847) that the postulated new type of electron release by alkyl groups is of a 
permanent (mesomeric) character. 

The effect of all four halogens in both the m- and the f-position has been investigated. 
The problem of the polar characteristics of this group has been thoroughly studied by 
Bennett and his collaborators (J., 1935, 1815, et seq.), whose communication appeared whilst 
this work was in progress. The data now obtained confirm the findings of these authors 
to the extent that it must be admitted that the total electron release of fluorine (— J, + M, 
+ E) is at least as great as that of iodine. 

The velocity of all the m-halogenobenzyl bromides is less than that of the unsubstituted 
parent, but (with the possible exception of fluorine) is not less than that of the m-nitro- 
derivative (i.e., the minimum velocity). Thus the total polar effect of any halogen sub- 
stituent in the m-position must be one of electron attraction away from the side chain. The 
velocity order m-I > Br =~ Cl > F is in agreement with the view (Bennett, Joc. cit.) that 
mesomeric and electromeric effects are of minor importance in the m-position. 

In the p-position all the possible electronic effects (— I, + M, and + E£) of the halogens * 
must be operative. The velocity of reaction of each of the p-halogenobenzyl bromides is 
greater than that of the unsubstituted parent ; hence the total polar effect of any of these 
substituents must be one of electron release towards the side chain. The relative order 
is p-F ~I > Br > Cl, the last inequality being almost negligible. This sequence differs 
somewhat from that found by Bennett e¢ al. (loc. cit.) for the hydrolysis of p-halogeno- 
benzyl chlorides with 50% aqueous acetone, viz., F >Cl> Br > I, the first inequality 
being large. Since it has already been shown (Part III, loc. cit.) that a p-nitro-substituent 
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exerts a much greater retarding effect on the velocity of the pyridine reaction in 90% 






































aqueous acetone than it does in the dry solvent, it is unlikely that the accelerating effect : 
of p-fluorine observed by Bennett could be ascribed (as in the case of 2 : 4-dinitrobenzyl t 
bromide) to any facilitating influence of its very powerful electron attraction on the electro- 

striction of the nucleophilic reagent. We agree with these authors that it must be due to ( 
its powerful electron release capacity. In the pyridine reaction this differentiation of s 
fluorine is much less marked, either fluorine or iodine causing approximately the same s 





degree of acceleration. From the combined data it would thus appear probable that the 
halogens possess a mechanism of electron release which varies according to the nature 
of the reaction and the experimental conditions, #.e., an electromeric effect. If the order 
F > Cl> Br > Lis accepted for the inductive effect (electron attraction) and also for the 
mesomeric effect (polarisation), the data now obtained are consistent with the order 
I> Br>Cl>F for the electromeric effect (polarisability) of the halogens. The p/m 
velocity ratios observed are : 


NO,. Me. Bu’. F. Cl. Br. I. 
TT 1-13 1-41 1-35 156 1-18 1-19 1-22 
pe pa ah nla 1-22 1:55 1:34 1:59 1-25 1-38 1:32 


The ratio for fluorine is much smaller than that observed by Bennett. ] 
The present results provide no information concerning the nature of the mesomeric 
and electromeric effects, but the author prefers to regard them as due to covalency increase 
(Ingold, Chem. Reviews, 1934, 15, 244). The mesomeric effect is thus regarded as a per- ‘ 
manent polarisation arising from resonance between forms (I) and (II). ‘ 
1 





L) Hai—< H,—Br Hal— _ >= CH, Br IL.) i 


The electromeric effect is then regarded as the extent to which time-variable electron 
displacements, called into play by the demands of the reagent, can convert the mesomeric 
form into an activated phase approximating to type (II), thus localising the energy of the 
activated molecule at the reacting bond. These conclusions mean that the degree of 
permanent electron displacement which it is necessary to apply to the classical structure (I) 
in order to obtain a truer picture of the normal molecule decreases in the order 
F > Cl> Br>I, whereas the degree of polarisability involving time-variable electron 
displacements of the same type decreases in the order I > Cl > Br > F. 


at 2a FH beet A 


EXPERIMENTAL. 


Preparation of Materials—m-tert.-Butylbenzyl bromide. The mixture of m- and /-tert.- 
butyltoluenes obtained by the interaction of toluene and #ert.-butyl chloride in the presence of 
aluminium chloride was separated by the method of Shoesmith and McGechan (J., 1930, 2231). 
Bromination of m-tert.-butyltoluene was effected at the b. p., and the product isolated in the 
usual manner. The bromide, purified by repeated fractional distillation in a vacuum, had b. p. 
80°/0-6 mm. (Found : Br, 35-1. C,,;H,,Br requires Br, 35-25%). 

m-Methylbenzyl bromide, similarly prepared from m-xylene, had b. p. 59°/0-8 mm. (Found : 
Br, 42-8. Calc. for C,H,Br: Br, 43-2%). m-Nitrobenzyl bromide had m. p. 56-2°. | 

‘ 
' 
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The halogenobenzyl bromides were either purchased or obtained by slow addition of bromine 
(1 mol.) to the m- or p-halogenotoluene at 140—150° and isolation of the product in the usual 
manner. Purification was effected by repeated fractional distillation in a good vacuum, a ) 
. bath and a Claisen flask fitted with a fractionating column being used, or, in the case of solids, 
by repeated crystallisation from ligroin (b. p. 40—60°). The data relating to the samples used | 
are briefly summarised below. 
m-Fluorobenzyl bromide was obtained as a colourless liquid, b. p. 87-0°/17 mm. (Found: 
C, 45-2; H, 3-5; Br, 42-3. C,H,BrF requires C, 44-4; H, 3-2; Br, 42-3%). 
p-Fluorobenzyl bromide, b. p. 38°/0-6 mm. (Found : C, 44-9; H, 3-5; Br, 41-7%), was obtained 
similarly. -Chlorobenzyl bromide had m. p. 49°. m-Chlorobenzyl bromide had b. p. 55°/0-2 
mm., m. p. 17-5° (Found: C, 40-7; H, 3-1; Br, 38-6. C,H,ClBr requires C, 40-9; H, 2-9; } 
Br, 38-9%). m-Bromobenzyl bromide had m. p. 42-5—43° (Found: C, 34-0; H, 2-6. Calc. for 
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C,H,Br,: C, 33-6; H, 2.4%). »-Bromobenzyl bromide had m. p. 62°. m-Jodobenzyl bromide 
had m. p. 50:8° (Found : C, 28-4; H, 2-2. C,H,BrI requires C, 28-3; H, 20%). -Iodobenzyl 
bromide had m. p. 79°. 

Velocity Measurements.—The technique was exactly the same as that described in Part IV 
(loc. cit.), the value of the velocity constants being determined as before from the slope of the 
straight line obtained by a plot of x/(a — x) against time. In the case of the p-iodo-derivative 
separation of the quaternary salt restricted the observations to the first 10—15% of the reaction. 


The author thanks the Royal Society for a grant, and Mr. G. Gunn, B.Sc., for some assistance 
in the preparation of m-tert.-butylbenzyl bromide. 
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314. The Resolution of ayy-Trimethylallyl Alcohol into Optically 
Active Forms. 


By D. I. DUVEEN and J. KENyon. 


In view of the interesting behaviour of the optically active forms of «y-dimethyl- (I) (Hills, 
Kenyon, and Phillips, this vol., p. 576), y-phenyl-a-methyl- (II) (Kenyon, Partridge, and 
Phillips, this vol., p. 85), and «-phenyl-y-methyl-allyl alcohols (III) (to be communicated 
shortly), it was considered desirable to examine the properties of a di-y-substituted allyl 
alcohol to ascertain whether the absence of hydrogen attached to C, would notably modify 
the abnormal reactivity of the «y-substituted allyl alcohols and their derivatives. 

With this object, «yy-trimethylallyl alcohol (IV) has been resolved into optically active 
forms and their behaviour investigated. Fractional crystallisation of the brucine salt of 


(I.) CHMe!CH-CH(OH)Me CHMe:CH-CH(OH)Ph (111.) 
(II.) CHPh!CH-CH(OH)Me CMe,:CH-CH(OH)Me (Iv.) 


dl-ayy-trimethylallyl hydrogen phthalate led to the isolation of (+)-«yy-trimethylallyl 
hydrogen phthalate, and fractional crystallisation of the strychnine salt yielded the corre- 
sponding (—)-acid ester. By hydrolysis with aqueous sodium hydroxide the (+-)- and the 
(—)-hydrogen phthalate yielded the (+-)- and the (—)-trimethylallyl alcohol respectively ; 
rotatory powers are recorded in the tables. 

That no racemisation occurred during the hydrolysis is shown by reconversion of the 
(+)-alcohol into its (+)-hydrogen phthalate of undiminished rotatory power, and that 
optical purity has been reached by the resolution is proved by the reduction of the (+)- 
alcohol to (++-)-methylisobutylcarbinol of correct rotatory power. In marked contrast to 
the behaviour of the hydrogen phthalic esters of alcohols (I), (II), and (III) and of «-furyl- 
methylcarbinol (Duveen and Kenyon, this vol., p. 621), the acid phthalic ester of ayy 
trimethylallyl alcohol can be heated for many hours with acetic acid (and also with methyl 
alcohol) without reaction taking place. 

There is also a very noticeable difference in behaviour during the saponification by 
aqueous sodium hydroxide of the hydrogen phthalic esters of these alcohols; compounds 
(I) and (IV) are obtained optically pure when aqueous sodium hydroxide of various con- 
centrations is used, «-furylmethylcarbinol suffers considerable loss in rotatory power when 
the concentration of the sodium hydroxide is less than 10N, and compounds (II) and (ITI) 
are obtained optically pure [or nearly so in the case of (II)] only when alcoholic sodium 
hydroxide is employed. 

The significance of these results will be discussed, along with further work in progress in 
these laboratories, in a later communication. 


EXPERIMENTAL. 
ayy-Trimethyltrimethylene glycol (2-methylpentane-2 : 4-diol), obtained by the reduction of 
diacetone alcohol in aqueous solution with sodium amalgam, had b. p. 95°/14 mm., nj 1-4297 
(Zelinsky and Zelikoff, Ber., 1901, 34, 2858, give n}®” 1-4298). It is essential that a constant 
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stream of carbon dioxide be passed through the well-stirred mixture, for otherwise a considerable 
amount of pinacol is formed. 

ayy-Trimethylallyl alcohol. The glycol on distillation in the presence of a trace of iodine 
yielded a mixture of hexadienes, water, and «yy-trimethylallyl alcohol. The dried distillate was 
separated into approximately equal amounts of hexadienes, b. p. 77—79°, and «yy-trimethylallyl 
alcohol, b. p. 131—133° (Kyriakides, J. Amer. Chem. Soc., 1919, 36, 994, who used aniline 
hydrobromide as dehydrating agent, gives b. p. 125—135°). Its p-xenylurethane formed irregular 
prisms, m. p. 65°, from light petroleum (Found : * N, 4-9. C,,H,,0O,N requires N, 4-8%). 

dl-ayy-Trimethylallyl hydrogen phthalate. The alcohol (100 g.) was added to a cooled suspen- 
sion of phthalic anhydride (148 g.) in pyridine (90 g.), and the gently warmed mixture kept 
overnight at room temperature. The acid ester (198 g.) separated from ether and light petroleum 
in irregular prisms, m. p. 81-5° (Found, by titration with sodium hydroxide: M, 246. C,,H,,O, 
requires M, 248). 

(+)-aeyy-Trimethylailyl hydrogen phthalate. Dry brucine (290 g.) was added to a solution of 
the di-hydrogen phthalate (180 g.) in warm acetone (750 c.c.). The brucine salt of (+)-«yy- 
trimethylallyl hydrogen phthalate, which separated immediately, had m. p. 144°, and required 
some 24 1. of boiling acetone for solution. On cooling, there was obtained the optically pure 
salt, long needles, m. p. 143—144°, and by concentration of the filtrate to 3 1. a further, smaller, 
crop was obtained, the total weight of pure brucine salt being 208 g.; it had [a];.,, — 17-0°, 
[*] 5790 — 18-6°, [a] 546, — 23°0°, [a] 4353 — 62-5° (7, 2; c, 4-570) in chloroform, and when decom- 
posed with dilute hydrochloric acid it yielded (+)-c«yy-trimethylallyl hydrogen phthalate, needles, 
m. p. 43—44°, from light petroleum, the rotatory powers of which are recorded below. Equally 
good separation is attained with less volume of solvent by using a mixture of acetone and 
chloroform. 


Specific Rotatory Powers of (+-)-«yy-Trimethylallyl Hydrogen Phthalate in Various 
Solvents. 


c. [a] sses- [a] s790- [4] see1- [a] asss- 
4°762 + 59° + 70° + 8°3° +15°0° 
4°828 10°9 11-2 12°1 22°3 
9°858 11-2 12°5 12-8 19°3 
5°045 12°5 12°9 1471 27°5 
5-067 14°5 15°3 16°7 31°0 
4°920 14°8 15°7 17-0 32°4 
4°984 18°1 20°0 22-2 43°1 


Solvent. 
CE ctimctinniniestinnbbins 


l. 
2 
2 
2 
2 
2 
2 
2 


Specific Rotatory Powers of (—)-«yy-Trimethylallyl Hydrogen Phthalate. 
Ch a 5-007 —12°8 —13°3 —14:2 —27°7 
(+)-«yy-Trimethylallyl alcohol was obtained when the (+)-hydrogen phthalate (139 g.) was 
dissolved in a slight excess of 5N-sodium hydroxide, and the alcohol removed in steam. It 
(44 g.) had b. p. 43°/17 mm., 129°/760 mm., n}" 1-4297, di? 0-8511, a?" 0-8436, di®” 0-8256, 
azsos + 9°00°, a2, + 959°, a2%, + 11-04°, a2%5, + 21-07° (i, 2), whence aijs,/a3ig, = 1-90. 
These rotatory powers remained unchanged when the alcohol was kept for 8 weeks. 


Variation in Rotatory Power of (+-)-«yy-Trimethylallyl Alcohol with Temperature 
(1, 0-5). 

t. 5893- 257990- 2 5461- 4358- t. 5893- 25790- %5461- %358- 

20° =+2°11° +42°23° +42°58° +4°60° 50° =4+2°45° +2°52° +2-90° +5:°13° 

31 2°26 2°30 2°65 4°74 72 2°69 2°74 3°15 5°45 

39 2°35 2°41 2°77 501 76 2°73 2°80 3°20 5°60 


Specific Rotatory Powers of (+-)-«yy-Trimethylallyl Alcohol in Various Solvents at Room 
Temperature (1, 2-0). 

Solvent. : [a] ssos- [a] s780- [a] sae1- [alasss- 
able N cocesccsc erence ces cosecsesecse z —4:17° —4:27° —5°24° —11-60° 
CE Me kee cca censencsccsesseconcasoce ? +8°02 +8°41 +9°76 +1600 
Bet gO 000 005 neces coccceces séececnecese P +7°89 +8°39 +9°99 +19°01 


(+-)-«yy-Trimethylallyl alcohol was reconverted into its hydrogen phthalic ester: this had 
m. p. 44°, [a] 5993 + 12°3° (/, 2; c, 5-019) in carbon disulphide. 
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(—)-xyy-Trimethylallyl hydrogen phthalate. The more soluble fractions of the brucine salt 
on decomposition with hydrochloric acid yielded a (—) (+)-/+dl-xyy-trimethylallyl hydrogen 
phthalate, [«]54¢, — 13-9° (/, 2; c, 5) in chloroform, which melted with preliminary softening at 
43—45°; this (175 g.) on solution in ether and light petroleum gave 36 g. of the di/-acid ester, 
m. p. 81°. Evaporation of the filtrate yielded a highly optically active ester (130 g.), which was 
dissolved in acetone and then mixed with a warm solution of strychnine (170 g.) in chloroform. 
The strychnine salt of (—)-«yy-trimethylallyl hydrogen phthalate, which separated on cooling, 
was recrystallised from hot chloroform diluted with some 4 vols. of acetone. It (181 g.) formed 
clusters of needles, m. p. 152° (decomp.), [a]593 — 20°64°, [a]5799 — 22°81°, [a]5a6, — 24°89°, 
[&]asse — 55°45° (7, 2; c, 5-085) in chloroform. On decomposition with hydrochloric acid this 
yielded (—)-«yy-trimethylallyl hydrogen phthalate (76 g.), needles, m. p. 44°, from light petrol- 
eum, which had the rotatory powers recorded on p. 1452. 

(—)-«yy-Trimethylallyl alcohol was obtained by dissolving the (—)-acid ester (58 g.) ina 
slight excess of 5N-sodium hydroxide and then removing the alcohol in steam. It (21 g.) had 
b. p. 43°/18 mm., 129°/760 mm., jy" 1-4298, «385, — 2-13°, af. — 2-25°, «2%, — 2-60°, «285, — 4-58° 
(i, 0-5). A mixed solution of the (+)- and the (—)-hydrogen phthalic ester in carbon disulphide 
deposited glassy prisms of the d/-acid ester, m. p. 82°. 

(+)-ayy-Trimethylallyl acetate, prepared by gently warming a mixture of the (+)-alcohol 
(3 g.), pyridine (2°75 g.), and acetic anhydride (4 g.), had b. p. 51°/15 mm., nj} 1-4202, «2%, 
— 3-91°, «235, — 4:06°, «225, — 4:72°, ais, — 9-45° (1, 0-5) (Found: * C, 67-3; H, 9-9. C,H,,O, 
requires C, 67-6; H,9-9%). The dl-ester, similarly prepared, had b. p. 50°/15 mm., n}” 1-4201. 

(+)-ayy-Trimethylallyl benzoate, obtained by running benzoyl chloride (7-5 g.) into an ice- 
cooled mixture of the (+)-alcohol (5 g.) and pyridine (4-5 g.), had b. p. 139°/19 mm., 2 1-5047, 
ag + 30-11°, 209 + 31-32°, 38, + 35-71°, aifss + 59-12° (7, 1-0) (Found: * C, 75-2; 
H, 7-9. C,,H,,O, requires C, 76-5; H, 7-8%). The dl-ester had b. p. 138°/19 mm., 1?” 
1-5045. 

Reduction of (+)-wyy-Trimethylallyl Alcohol to (+-)-Methylisobutylcarbinol.—The alcohol 
(5 g.; «20° + 2-11°; J, 0-5) was dissolved in 99% ethanol and reduced with hydrogen at 2 atm. 
by means of Raney’s nickel catalyst (J. Amer. Chem. Soc., 1932, 54, 4116). The calculated 
volume of hydrogen was absorbed in 3—4 hours, and the resulting (+-)-methylisobutylcarbinol 
(4:5 g.), which had no action on bromine solution, had b. p. 49°/22 mm., 129°/760 mm., 
nis 1-4102, [a]}%5 + 20-04°, [a]}%q + 20-84°, [a]ife. + 23-36°, [a]i%— + 31-04° (Pickard and 
Kenyon, J., 1911, 99, 45, give n>” 1-4103, [a]3i53 + 20-40°). 


Thanks are due to Mr. B. C. Platt for assistance in the preparation of material, and to the 
Government Grants Committee of the Royal Society and to Imperial Chemical Industries Ltd. 
for grants. 


BATTERSEA POLYTECHNIC, Lonpon, S.W. 11. [Received, July 16th, 1936.] 





315. Studies in Electrolytic Oxidation. Part VIII. Apparent 
Reducing Properties of an Anode. 


By A. HICKLING. 


In previous parts of this series (Glasstone and Hickling, J., 1932, 2345, 2800; 1933, 829; 
1934, 10, 1772, 1878; 1936, 820) the view has been put forward that, at an anode in aqueous 
solution, hydrogen peroxide is formed by combination of discharged hydroxyl radicals. 
If this is the case, it might be expected that an anode would exhibit some of the apparent 
reducing properties of hydrogen peroxide, notably in reducing acidified solutions of potas- 
sium permanganate and dichromate. Large effects are not to be anticipated, since the 
rate of spontaneous decomposition of the peroxide at an anode is high, and there is the 
possibility that any reduction which takes place may be masked by reoxidation, either 
electrically or by nascent oxygen. This has now been investigated; and the predicted 
effects, although small, have been observed. 


* Indicates analyses by Synthetical and Analytical Laboratories, Ltd. 
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EXPERIMENTAL. 


The general method adopted in the investigation was to collect the oxygen evolved at the 
anode under consideration along with the hydrogen formed at the cathode of a separate volt- 
ameter connected in series, and to show that the oxygen-hydrogen ratio is greater than that 
expected for the decomposition of water, thus indicating that reduction of the anolyte has 
occurred. 

The electrolytic apparatus consisted of two voltameters connected in series; each was 
formed from a jar of about 110 c.c. capacity, fitted with a rubber stopper carrying an electrode, 
a narrow gas delivery tube, and a wide tube, provided at the lower end with a tight filter-paper 
plug, which served as the second compartment of the voltameter. The first voltameter, from 
which the hydrogen was collected, was filled with 2N-sulphuric acid throughout the experiments. 
The cathode, housed in the main jar, was of stout platinum-foil 1 cm. square, and the anode 
in the subsidiary tube was of platinum wire; the anode gas was not collected. The second 
voltameter, from which the oxygen was collected, contained in the jar 100 c.c. of the anolyte 
under investigation, and the small compartment was filled with 2N-sulphuric acid. Anodes 
of various sizes were used, the small ones being made of platinum wire and the large ones of 
platinum-foil. The cathode in the subsidiary tube was of platinum wire, and the cathode 
gas was not collected. The cathode gas from the first voltameter and the anode gas from the 
second were led along a Y-tube to a small mercury trough. 

All electrolyses were carried out at room temperature at a fixed current of 0-10 amp., the 
C.D. being varied by changing the size of the anode. Before each electrolysis, the platinum 
anode was cleaned with warm concentrated hydrochloric acid, warm concentrated nitric acid, 
and water, and heated to redness. A preliminary electrolysis of 3 hours was carried out in 
each experiment in order to saturate the electrolytes and to displace the air from the volt- 
ameters. 20C.c. samples of the mixed anode and cathode gases were then collected at intervals 
of 1 hour, transferred to a Bone—Newitt apparatus, and analysed by exploding with excess 
oxygen. From the original pressure of the gas and the contraction on explosion, the initial 
ratio of oxygen to hydrogen present was worked out. Control experiments with sulphuric 
acid alone as anolyte were made at frequent intervals. 

Results —Potassium permanganate. The solutions were made up by weight in small quantities 
from A.R. potassium permanganate. Evolution of oxygen by spontaneous decomposition 
was found in all cases to be inappreciable under the conditions of electrolysis. The following 
results were obtained for electrolysis at various C.D.’s with (A) N-potassium permanganate 
in 2N-sulphuric acid and (B) 2N-sulphuric acid alone, as anolyte. 


C.D., amp./sq.cm. 0°10. 0°05. 0°01. 0-0036. 
O,/H, ratio. 

(A) 3 Hours’ electrolysis ..............2+4+ 0°559 0°658 0°636 0°551 
o» <7. pibeniaaneekeceues 0°567 0°657 0°641 0°543 
cis itcdmaneviedicnbincheeet «tu 0°563 0°658 0°639 0°547 

(B) 3 Hours’ electrolysis ............+0+++ 0°456 0°484 0°482 0-496 
tes se seumuiaeenincited 0°457 0°481 0°486 0°492 
DEORE sn cendeneestasapatitnnnntat ies 0°457 0°483 0°484 0°494 


In all cases the oxygen—hydrogen ratio when the permanganate anolyte is used is considerably 
greater than the theoretical value of 0-500 for the decomposition of water. (The departure 
from this value in the case of the sulphuric acid alone at the higher C.D.’s is presumably due to 
persulphate formation.) There appears to be an optimum C.D. of about 0-03 amp./sq. cm. at 
which the oxygen-hydrogen ratio is a maximum for.the permanganate anolyte. With the 
strongly acidified permanganate solutions used, no oxide deposition on the anode was observed, 
in general. 

To find the effect of varying the permanganate concentration, electrolyses were carried out 
at a C.D. of 0-05 amp./sq. cm. with various concentrations in 2N-sulphuric acid. The results 
are given below : 


Concentration of KMnO,, N. 1-0. 0°5. 0-1. 0°02. 

O, /H, ratio. 
S Hours’ electrolysis 2.2.00 ccsccicesccccsense 0°658 0°631 0-541 0-518 
@ is ” SO Or 0-619 0°549 0°521 


MOAR ..000s cocvscccscescsoccscsccssicowcsees | OBES 0-625 0°545 0°520 
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It is evident that the extent of the reduction falls off rapidly with decreasing concentration of 
permanganate. 

To show that the general effect is not due to the sulphuric acid electrolyte, electrolyses were 
also carried out in perchloric and phosphoric acid solutions. Some results are given below; 
a C.D. of 0-05 amp./sq. cm. was employed, and the anolyte was (A) N-potassium permanganate 
in the acid specified, and (B) the acid alone. 


Electrolyte. 2N-H,SO,  2N-HCIO,. 2M-H,PO,. 


O,/H, ratio. 
(A) 3 Hours’ electrolysis ...............-s+0+ 0°658 0°658 0-568 
- sn oqe.dpo anpeangeogaiene 0°657 0°654 0°576 
Ns shetnieiire intend chs serutoies aur +ss 0°658 0-656 0-572 
(B) 3 Hours’ electrolysis .............:.0-+0+ 0°484 0°498 0-494 
o si Asdiitncinnk sinanliiilocias 0°481 0°496 0-496 
(LLL LLIN 0°483 0°497 0°495 


In all the cases studied the oxygen—hydrogen ratio with permanganate is markedly greater 
than 0-500. Close agreement between the values in the various electrolytes is not to be expected, 
since the acidity may vary somewhat from one solution to another, and the acids may have 
specific actions on the decomposition of hydrogen peroxide and the reaction of the peroxide 
with permanganate. Actually, the values for the sulphuric and the perchloric acid electrolytes 
are very similar, while that for the phosphoric acid solution is much lower. In this connexion 
it was noted that solutions of permanganate in phosphoric acid kept exceptionally well over 
a period of months, and it seems not improbable that both this and the result of the electrolytic 
experiment may be due to the removal by the phosphoric acid of manganous ions, which act 
as catalysts for both the autodecomposition and the reaction with hydrogen peroxide. 

Potassium dichromate. The solutions were made up by weight from A.R. salt. As the re- 
duction of acidified dichromate by hydrogen peroxide is comparatively slow, it was expected 
that the increase of the oxygen—hydrogen ratio above 0-500 would be much less than in the case 
of permanganate. This is borne out by the following results obtained for electrolysis at various 
C.D.’s with (A) N-potassium dichromate in N-sulphuric acid and (B) N-sulphuric acid alone, 
as anolyte. 


C.D., amp./sq. cm. 0°10. 0°05. 0-01. 0°0036. 

O,/H, ratio. 
(A) 3 Hours’ electrolysis ..............+.+ 0°514 0°515 0°520 0°523 
B's - bdicehsdiecetcdés! 3 GET 0°516 0°524 0°526 
MeN init BAe did Bia) | OS 0°516 0°522 0°525 
_@) 3 Hours’ electrolysis ..............+00. 0°490 0°499 0°498 0-500 
4 .:,, o dcttdddcaddecdtes 0°494 0°497 0°498 0°500 
DERI. nei bedbieines bibicbbbs chibi’ 0°492 0°498 0°498 0°500 


It is seen that a small but definite increase in the oxygen—hydrogen ratio occurs when di- 
chromate is present. The effect apparently increases somewhat with decreasing C.D. over the 
range studied. In all the electrolyses of dichromate solutions the platinum anode remained 
clean and bright. 

The effect of varying the dichromate concentration was found by carrying out electrolyses 
at a C.D. of 0-0036 amp./sq. cm. in solutions which were N with respect to sulphuric acid. 
The results are given below : 


Concentration of K,Cr,O,, N. 1:0. 0°5. 0°25. 0-1. 

O,/H, ratio. 
3 Hours’ electrolysis .............c0cesee00e. 0523 0°511 0-507 0°503 
~ i corecceccccececcesconess, Oe 0°509 0°507 0-497 
MOU Jad chs bcc bss oVisdces dic caviddeciivecces -  GERE 0°510 0°507 0-500 


Reduction falls off rapidly with decreasing concentration of dichromate. 

In alkaline solution hydrogen peroxide does not reduce chromate, but on the contrary 
oxidises chromic salts. An electrolysis was therefore carried out at a C.D. of 0-0036 amp. /sq. 
cm. with a solution of N-potassium dichromate in N-potassium hydroxide as anolyte. The 
results are given on p. 1456; the similar experiment with N-potassium dichromate i in N-sulphuric 
acid as anolyte is inserted for comparison. 
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Electrolyte. N-KOH. N-H,SO,. 


3 Hours’ electrolysis ..........cssseseeeeseeeeseeee 0°50 0°523 
. 00 («s(t co Sec ccveoeccsesseeseeecee 0°497 0°526 
MEER 000.000 ccc csenecceccse ces evencecesessessece cen 0°499 0°525 


As expected, the oxygen—hydrogen ratio with the alkaline anolyte is normal. 


DISCUSSION. 


As predicted by the theory, the paradoxical phenomenon of an anode, which is a strong 
oxidising agent, bringing about reduction with evolution of oxygen, occurs in the case of 
acid permanganate and dichromate solutions. It may be supposed that at the anode 
hydroxyl ions are discharged and the resulting radicals combine j-reversibly in pairs to 
give hydrogen peroxide. The greater part of this then decomposes spontaneously, but 
a small proportion may react with the permanganate or dichromate, leading to evolution 
of oxygen and simultaneous reduction. The reaction of hydrogen peroxide with dichromate 
is comparatively slow, and so here the effect is less marked than with the permanganate 
solution. As the concentration of either the permanganate or the dichromate is decreased, 
the speed of the reduction will be diminished, and hence a greater proportion of the per- 
oxide will tend to decompose spontaneously, until ultimately in dilute solution the reduction 
will not be able to compete at all effectively with the decomposition. As the C.D. is raised, 
the concentration of hydrogen peroxide at the anode will increase, and both the spontaneous 
decomposition and the reaction with the anolyte will therefore be accelerated. The 
relative extent to which the two rates are changed will determine how the reduction is 
influenced by C.D. If the rate of decomposition increases more rapidly with peroxide 
concentration than does the speed of reduction, then the reduction will fall off with increas- 
ing C.D., while if the order is reversed then the reduction will diminish with decreasing 
C.D. Incertain circumstances it is apparent that there may be an optimum C.D. at which 
the reduction is a maximum. 

Various other theories could be advanced to account for the phenomena under dis- 
cussion, but all are apparently ad hoc. For instance, it might be suggested in the case of 
permanganate that a metallic peroxide is formed on the anode surface which reacts with 
the anolyte in a manner analogous to hydrogen peroxide; it is difficult to see how this 
would account for the observations with dichromate, however. Alternatively, it might 
be supposed that permanganate and dichromate ions are discharged at the anode, and that 
the resulting radicals then react mainly with water to give oxygen and form the correspond- 
ing acids, but that there is also a tendency for them to decompose giving oxygen and 
lower metallic oxides. Against this view it can be argued that there is no evidence that 
permanganate and dichromate ions, along with many other anions, are ever discharged 
at an anode (see Glasstone and Hickling, “‘ Electrolytic Oxidation and Reduction,” 
pp. 36—38, 1935), and if any process of the above type did occur, it might be expected to 
be found with other highly oxidised anions, such as perchlorate, and this does not seem 
to be the case. Although none of these theories appears to be inherently probable, yet 
it is not possible conclusively to reject them without further investigation. 


SUMMARY. 


1. In the electrolysis of acidified potassium permanganate and dichromate solutions, 
the volume of oxygen obtained at a platinum anode is greater than that expected for the 
decomposition of water. The influence of C.D., concentration, and certain other factors 


has been investigated. 
2. The effect is attributed to the apparent reducing action of hydrogen peroxide, 
primarily formed at the anode, upon the permanganate and dichromate solutions. 


The author is indebted to Dr. S. Glasstone for suggestions and advice. 


UNIVERSITY COLLEGE, LEICESTER. (Received, August 10th, 1936.]} 
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316. The Colouring Matters of Drosera Whittakeri. Part IV. 
The Reduction Potentials of Some Naphthaquinones. 


By JosErpH W. H. Luce, A. KILLEN MaAcBETH, and F. L. WINzorR. 


MACBETH, PRICE, and WINZOR (J., 1935, 325) assigned the names droserone * and hydroxy- 
droserone to the two associated colouring matters of Drosera Whittakeri, and the reactions 
of the compounds subsequently indicated that, whereas hydroxydroserone was 
3 : 5: 8-trihydroxy-2-methyl-1 : 4-naphthaquinone, droserone was probably the 3 : 5(or 8)- 
dihydroxy-compound (Macbeth and Winzor, ibid., p. 334). The constitution of the 
former was verified by synthesis (Winzor, ibid., p. 336), but the structure of droserone is 
as yet unconfirmed. 

The presence of the two feri-hydroxyl groups in hydroxydroserone introduces the 
possibility of tautomerism, and the substance may exist in the two forms (I) and (II). 
Similar behaviour is found for methylnaphthazarin (III, IV) and might occur in 
naphthapurpurin (V, VI). It is, however, excluded in the case of droserone, the boroacetate 
and pyridine salt of which indicate the presence of one peri-hydroxyl and one hydroxyl 
group in the quinone ring. 


OH O OH O O OH 
am Me 
oo = ee 
H OH O H 
(I.) ae “i (III.) (IV.) 
OH O O OH 


© Oo qu HT) 
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Reduction-potential measurements are aa adapted for examination of such 
tautomerism and Fieser (J. Amer. Chem. Soc., 1928, 50, 439) has shown that the normal 
reduction potentials of many simple and substituted naphthaquinones are almost 
independent of the solvent when it is sufficiently acidic, and that the effects of substituents 
in the naphthaquinone nucleus are largely additive. The object of the present work was 
to obtain comparable values for a series of naphthaquinones in the same solvent, so that 
the effect of substituents might be more closely examined and the principle of additivity 
(if valid) be applied to consideration of the equilibrium of the tautomeric forms of methyl- 
naphthazarin and hydroxydroserone. A calculated value for droserone may also be derived 
which will provide a check on the constitution already proposed when a sufficiently pure 
sample of the natural product becomes available. 


EXPERIMENTAL. 


To determine the normal reduction potentials, Fieser’s apparatus (Joc. cit.) was slightly 
modified. The solvent, which was employed throughout for both the oxidising and the titrated 
solutions, was made by dissolving hydrogen chloride to 0-1M and lithium chloride to 0-2M 
in 50% (by wt.) aqueous alcohol—Fieser and Fieser’s solvent B (J. Amer. Chem. Soc., 1935, 
57, 491). The normal reduction potentials are based on a conventional zero potential for the 
hydrogen electrode at 760 mm. of mercury total pressure above the solvent. As the vapour 
pressure of the solvent was assumed to be the same as that found by Dobson (J., 1925, 127, 
2866) for 50% alcohol, viz., 50 mm. at 25°, the standard pressure of hydrogen at the electrode 
was taken as 710 mm., and the corrections for variation of atmospheric pressure were seldom 
more than a few tenths of a millivolt. 

The quinone solutions were reduced by hydrogen in the presence of a suitable catalyst and 


* The name droserone has also been given by Witanowsky (Wiadomosci Pharm., 1934, 16, 420, 432; 
Amer. Chem. Abs., 1934, 28, 7257) to the hydroxynaphthaquinone isolated from the round-leafed 
sundew, D. rotundifolia, L. 

5A 
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then forced over by nitrogen from the reduction flask to the titration vessel. Graduation marks 
were etched on the latter which enabled the volume of the quinol solution transferred (about 
50 c.c.) to be estimated to within 1%. The hydrogen electrode unit was connected with the 
titration vessel by a tube filled with solvent and plugged with filter-paper at both ends. 

During electrometric titration of the quinol with a suitable oxidiser dissolved in some of the 
solvent, nitrogen, forced through a fine jet, was bubbled through the solution in the titration 
vessel and obviated the need for a mechanical stirrer. Commercial nitrogen was purified by 
passage over heated copper, followed by scrubbing with alkaline pyrogallol; and traces of 
oxygen were removed from hydrogen by the same reagent. Before being admitted to the various 
vessels, the gases were saturated with solvent vapour at the appropriate temperature. 

As a preliminary to the electrometric work, the approximate solubilities of the quinones in 
the experimental solvent were determined, a colorimetric method being applicable in all cases. 
A sub-saturated standard solution was thus compared with various dilutions of a solution 
saturated at 25°, the temperature selected for the electrometric work. In all cases Beer’s law 
was obeyed within the error of comparison. With synthetic hydroxydroserone, the standard 
solution and the unknown did not match perfectly, owing to the presence of a trace of coloured 
impurity. The interference was, however, to a large extent overcome by saturating with the 
least practicable excess of the material. The solubilities (S) are recorded in Table I as millimols/1. 
Methylnaphthazarirn (0-00064M) was the least soluble of the quinones examined, and a standard 
concentration of 0-0005M was adopted for each quinone prior to reduction. The oxidisers, 
except potassium ferricyanide (0-01M), were of concentration 0-005M.- 

Platinised asbestos, in amount representing some 3% by weight of the solution, was employed 
as the main catalyst in the reduction of the quinones, and the reaction was frequently completed 
in less than 10 minutes as judged by loss of colour. In a few instances, upwards of 30 minutes 
were required, and in difficult cases a little of Adams and Voorhees’s platinum-—platinum oxide 
catalyst (J. Amer. Chem. Soc., 1922, 44, 1397) was mixed with the platinised asbestos to facilitate 
reaction. 

Procedure.—The original scheme underlying a titration was a measurement of the e.m.f. 
at several different stages of re-oxidation of the quinol solution, a comparison of the successive 
increases in e.m.f. serving to check the validity of the titration. The method, however, had to 
be extended to include exact determination of the end-points, since in a few instances in which 
platinised asbestos was used as the catalyst in reduction, and in practically all cases in which 
platinum-—platinum oxide was employed, there was partial destruction of the quinol or quinone. 
The degree of destruction depended on the time the solution was left in contact with the catalyst, 
and was most marked with hydroxydroserone (38—74%) and naphthapurpurin (24—46%). 
Whatever the nature of the destruction may be, it did not vitiate the results obtained by this 
procedure, for the normal reduction potentials were sensibly independent of the degree of 
destruction in particular cases which were exhaustively examined. 

The normal reduction potentials of the oxidisers ordinarily used in the course of the work were 
so much higher than those of the naphthaquinones that the end-points were accurately obtained 
by inspection. A check on the determination of the end-point may, however, be obtained by 
extending the titration into the region dominated by the reduced and the oxidised form of the 
oxidiser. Both normal reduction potentials can be obtained from one extended titration, 
but if the difference between them is much less than 100 mv. the computations become involved, 
even when the degree of destruction is known to be negligible. Although ~-benzoquinone was 
frequently used as an oxidiser, it was unsatisfactory in extended titrations because the system 
comprising its reduced and its oxidised form fails to establish a satisfactory potential at the 
electrode at the low concentrations used. This behaviour is depicted in Figs. 1 and 2 (Curves I). 
The potentials represented by the continuous lines ‘were those read after a 5-minute interval 
and were drifting upward through the shaded areas to the broken boundaries which represent 
values calculated from 0-715 volt as the normal reduction potential of p-benzoquinone. Tetra- 
bromo-o-benzoquinone and potassium ferricyanide behaved excellently in such extended 
titrations, but as the former is somewhat unstable in solution, titrations with it must be 
conducted rapidly. 

The measured e.m.f. prior to addition of any of the oxidising solution was usually well poised, 
and from it could be calculated later the amount of pre-oxidation of the quinol solution. 
(2-Methyl-1 : 4-naphthaquinone was an outstanding exception in this respect.) The titration 
figures were always corrected for such observed pre-oxidation, which was usually only a fraction 
of 1% but occasionally was higher when the reduction period was curtailed to minimise the 
destruction referred to above. 
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After each addition of oxidising solution, the e.m.f. was measured at 2, 5, 8. . . minutes accord- 
ing to the rapidity with which equilibrium was attained, but usually the readings after 2 and 5 
minutes were substantially identical. In an attempt to measure the reduction potential of 
2-methyl-1 : 4-naphthaquinone, however, with -benzoquinone as oxidiser, it was found that 
the system was virtually inert at the electrode (black platinum, and gold, being tried as well as 
the usual smooth platinum). It is probable that, as with benzoquinone itself, the system 
would behave satisfactorily at much higher concentrations, but the reduction potential at the 
usual concentrations was determined by the following procedure. 


Fic, 1. Fic. 2. 


07 


EMF, volt. 
> 
Ww 


> 
Gs 





02 


1/23 4567 89% OT 
M1. of oxidising solution added. 


Fic. 1.—Titration of reduced naphthapurpurin with p-benzoquinone (Curve I) and with juglone (Curve 


§ 6768939 ® 


II). 
‘uve I. 1:0% Pre-oxidation : 24% destruction; potentials drifting from continuous to broken line 


through shaded area. ee 
Curve II. 0°7% Pre-oxidation : 36% destruction. 


Fic. 2.—Titration of reduced naphthazarin with p-benzoquinone (Curve I) and with 2-methyl-1: 4- 
naphthaquinone (Curve II). 
Curve I. 0°3% Pre-oxidation: negligible destruction ; potentials drifting from continuous to broken line 


through shaded area. Lk), 
Curve II. 0°1% Pre-oxidation : curve is in harmony with an assumed negligible destruction. 


At any stage of an extended titration of a reduced quinone A with another quinone B, we 
have at equilibrium 


E = E,4 — RT/2F . loge [Area.]/[Aox.] = Eo® — RT/2F . loge [Brea.]/[Box.] 


If only the A system readily establishes its potential, it can also act as an indicator for the B 
system, and the normal reduction potentials of both are obtained. In practice, the reduction 
potential of A should not be much lower than that of B (some 60 mv.) to ensure that [Ajeq ] 
shall never be too low to poise the potential effectively. Thus, reduced naphthazarin was 
satisfactorily titrated with 2-methyl-1 : 4-naphthaquinone (Fig. 2, Curve II). If the reduction 
potential of A is slightly higher than that of B, a titration in the customary sense cannot be made, 
but if equimoiecular quantities of B and of reduced A are mixed, then the potential at equilibrium 
must lie midway between the normal reduction potentials of the two systems and should be 
well poised. The reduction potential of A being known, that of B follows, but errors are 
magnified. A typical example is afforded by 2-methyl-1 :4-naphthaquinone and reduced 
juglone. When equimolecular quantities of these are mixed, well-poised potentials are obtained 
which increase markedly with time at first, but become almost stationary after some 20 minutes. 
Since the juglone system is known to establish its potential rapidly, whereas the methylnaphtha- 
quinone system is known to be virtually insensitive at the electrode, the variation of potential 
with time (Fig. 3) can justifiably be associated with the change in state of oxidation in the former 
system. On this basis the data were found to accord excellently with the supposition that at 
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any instant of time a forward reaction between reduced juglone and 2-methyl-1 : 4-naphtha- 
quinone (velocity constant k, = 1-3) and a back reaction (k, = 7-1 k,) were occurring. This 
permitted the e.m.f. at infinite time (equilibrium) to be deduced as 0-4349 volt, a value which 
is only some 0-5 mv. higher than the e.m.f. at 21 minutes. Hence the normal reduction potential 
of 2-methyl-1:4-naphthaquinone is [0-4349 — (0-4475 — 0-4349)] = 0-4223 volt, in good 
agreement with the value (0-4216 volt) obtained from its extended titration with reduced 
naphthazarin. 

The mean experimental values of the normal reduction potentials determined for a series 
of naphthaquinones are shown in col. 7 of Table I, and in col. 6 the individual values obtained 
by different methods are set out. In the latter case a letter a or b is placed beside each value, 
followed by a number which represents in the case of a the particular oxidiser used (as numbered 
in the table), and in the case of b the reduced quinone from an extended titration of which the 
normal reduction potential of the oxidiser was derived. 


Fie. 3. 


Variation of potential with time when reduced juglone (0°00045M) reacts with 2-methyl-1 : 4-naphtha- 
quinone (0°00045M) ; asymptote at 0°4349 volt. 


0-435 










2 


EMF, volt. 


4 7 7] 15 6 
Time, in seconds x /0~. 





The values of E, recorded in the table were obtained by the application of the usual basic 
equation to points that lay in the immediate vicinity of the mid-point (50% oxidation) of the 
curves drawn for each substance. In the construction of the curves, fewer than 13 experimental 
values were never employed. The departure of the curves from the theoretical is recorded in 
the table in a similar way to that adopted by Fieser, who, using the mid-point as a basis of 
reference, reported the variation in values at 20% and at 80% oxidation. The average 
differences between E, and the potentials at these stages of oxidation are set out in the columns 
under AE,, and AE,, and as the theoretical difference is 17-8 mv., it will be seen that no serious 
discrepancies have been encountered in our work. 

The quinones used had all been subjected to rigorous purification for use in the absorption 
spectroscopy already reported or to be described later. The colorimetric determination of the 
solubilities of the substances also provides a check on their purity. 


DISCUSSION. 


The Principle of Additivity—The effects of substituents on the normal reduction 
potential of 1 ! 4-naphthaquinone are summarised in Table II, which has been compiled 
from the experimental values recorded in Table I. The reduction potential of hydroxy- 
droserone for this purpose was taken as the average of all determinations made with the 
natural and the synthetic substance. The effect of the introduction of a methyl group in 
the 2-position is seen to be a lowering of the potential by some 63 mv. compared with the 
value of 76 mv. deduced by Fieser and Fieser, using different solvents. The effect of 
substitution of a hydroxyl group in the 3-position is found to be — 126-6 mv., in excellent 
agreement with Fieser’s value. 











_. 
mt 


nh © 


Too ©0000 0 











The Colouring Matters of Drosera Whittakeri. Part IV. 1461 


TABLE I. 
AE,, AE;,, Previous values, © 
No. Substances. S. mv. mv. E,, volts. Mean. volts. 
1 1:4-Naphthaquinone 31 19°2 18:2 0°4839 [a (i)], 0°4859 [a (i)], 0°4848 0°4839,? 0-483, 
0°4852 [a (i)], 0°4841 0°4925 
[b (dros) ]* 
2 Methylnaphtha- 33°7 Tt Tt 0°4216 [b (8)], 0°4223 [b (4)] 0°4220 040805 
quinone 
3  Lawsone 24-4 180 18°7 0°3583 [a (i)], 0°3580 [a (i)] 03582 0°356,* 0°352,5 
0°352 7 
4 Juglone 10°0 184 18:0 0°4474 [a (i)], 0°4482 [a (i)], 0°4475 0°451,4 0°-4297 
0°4476 [a (i) ],0°4472 [5 (10)}, 
0°4471 [b (dros) ] * 
5  Phthiocol 12°%5 180 18:4 02988 [a (i)], 0°2997 [a (i)] 0°2992 0°2987 * 
6  isoNaphthazarin 68 17-9 18°7 0°2876 [a (i)], 0°2883 [a (i)] 0°2880 
7  Methylnaphthazarin 0°64 188 18°9 0°3213 [a (i)], 0°3221 [a (ii)] 0°3217 
8 Naphthazarin 153 184 186 0°3724 [a (i)], 0°3724 [a (i)], 0°3722 0-361 1 
0°3717 [a (i)], 0°3722 [a (2)] 
9 Hydroxyjuglone 95 184 17:9 0°3151 [a (i)], 0°3147 [a (i)] 0°3149 
10 Naphthapurpurin 6°07 186 19:2 0°2483 [a (i)], 0°2491 [a (4)], 02487 02431 
0°2509 [a (i)] 
11 Hydroxydroserone 1-1 198 19°7 0:1995 [a (ii)], 0°2013 [a (iii)] 0°2004 
(natural) 
12 Hydroxydroserone 1:14 20:0 19°4 0°2000 [a (i)], 0°1992 [a (ii)] 0°1996 
(synthetic) 
13. + Lomatiol 35 18°7 18°8 0°2920 [a (i)], 0°2931 [a (i)] 0°2926 02941 
i p-Benzoquinone 0°715 (at 0°02M of reduc- 
tant + oxidant) 
ii Tetrabromo-o-benzo- 43 0°868 0°872 4 
quinone 
iii | Potassium ferricyanide 0-688 
* These values obtained from extended titrations of reduced droserone are included here for 
completeness. + No values obtainable (see text). 


1 Fieser, ]. Amer. Chem. Soc., 1928, 50, 439; ¢, 25°; solvent, same as in our experiments. 

2 Fieser and Fieser, ibid., 1934, 56, 1565; t, 25°; solvent, same as in our experiments. 

3 Idem, ibid.; t, 25°; solvent, 30% water-—ethanol mixture with HCl and LiCl both at 0:2M. 

* Conant and Fieser, ibid., 1924, 46, 1858; ¢, 25°; solvent, 50% water-ethanol mixture with HCl 
0-5—1-0M. 

5 Idem, ibid.; t, 25°; solvent, 5% water-ethanol mixture with HCl 0°5—1-0M. 

® Ball, J. Biol. Chem., 1934, 106, 515; #, 30°; solvent, aqueous buffers with HCl. 

7 Friedham, Biochem. J., 1934, 28, 180; ¢, 20°; solvent, aqueous buffers with HCl. 


The principle of additivity, which postulates that the effect of a number of substituents 
is the sum of the individual effects, may be tested by comparing the experimental values 
of the normal reduction potentials of some substituted quinones with those calculated 
from the data in Table II; ¢.g., the test may safely be applied to phthiocol, since Fieser’s 
examination of hydroxynaphthaquinone and the ethers of 1 : 2- and 1 : 4-naphthaquinone 
clearly showed that in the equilibrium of the two forms of a substance such as phthiocol 
only a negligible amount of the 1:2-quinonoid tautomeride is present. Since the 
calculated normal reduction potential of phthiocol, 0-2954 volt (1 : 4-naphthaquinone, 
0-4848, + 2-methyl effect, — 0-0628, + 3-hydroxyl effect, — 0-1266 volt) differs from the 
experimental value 0-2992 volt by less than 4 mv., the additive character of the effects is 
evident. If Fieser and Fieser’s values are used, a difference of some 18 mv. is obtained. 


TABLE II. 
No. 2 3 4 5 6 7 
Substituents ...... 2-Me 3-OH 5-OH 2-Me 2: 3-(OH), 2-Me 
3-OH 5: 8-(OH), 

Effect (mv.)......... — 62°8 — 126°6 — 373 — 185°6 — 196°8 — 1631 
No. 8 9 10 11 and 12 13 
Substituents ...... 5: 8-(OH), 2: 5(or8)-(OH), 2:5: 8-(OH); 2-Me 2-CH:CH-CMe,’OH 

3:5: 8-(OH); 3-OH 
Effect (mv.)......... — 1126 — 169°9 — 236°1 — 284°8 — 


The case of naphthapurpurin has been discussed by Fieser, and the reduction potentials 
of the tautomeric forms (V, VI) may be calculated for comparison with the experimental 
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value. For (V), the calculated potential is 0-2456 volt (1: 4-naphthaquinone, 0-4848, 
++ 5 : 8-peri-hydroxyl effect, — 0-1126, + 2-hydroxyl effect, — 0-1266 volt), which differs 
from the experimental value by only some 3 mv. instead of some 9 mv. on the basis of 
Fieser’s values. The conclusion previously deduced, that only a negligible proportion of 
the second tautomeric form (which has a calculated reduction potential of 0-3182 volt) 
is present in the equilibrium mixture, is confirmed. 

Examination of the cases of hydroxydroserone and methylnaphthazarin indicates that 
these also exist preponderatingly in the tautomeric forms (I) and (III) respectively : the 
calculated value for (III), viz., 0-3094 volt (1 :4-naphthaquinone, 0-4848, + 2-methyl 
effect, — 0-0628, + 5 : 8-peri-hydroxyl effect, — 0-1126 volt) is 12 mv. lower than the 
observed value; and the mean calculated value of hydroxydroserone (I) is about 14 mv. 
lower than the mean of the experimental results. In this connection it is noteworthy that 
the calculated values for hydroxydroserone derived by two distinct methods which depend 
on entirely different experimental results differ by less than 1 mv.; thus, (a) naphthazarin, 
0-3722, + 2-methyl-3-hydroxyl effect (from phthiocol), — 0-1856, gives the calculated 
figure of 0-1866 volt; whereas (b) naphthapurpurin, 0-2487, + 2-methyl effect, — 0-0628, 
gives a value of 0-1859 volt. The calculated values of the other tautomeric forms (II, IV) 
are of distinctly greater magnitude, but reliable figures cannot be derived on account of 
the meagre information available concerning the effect of substitution of a methyl group 
in the benzenoid ring of the naphthaquinone nucleus. 

Departures from the principle of additivity may reasonably be associated with 
disturbance due to tautomerism or interference due to the character of the substituent 
groups themselves. The case of ssonaphthazarin seems to provide an example of the 
mutual effect of the groups, for on a purely additive basis the calculated reduction potential, 
0-2316 volt (1 : 4-naphthaquinone, 0-4848, + 2 x 2-hydroxyl effect, 2 x — 0-1266 volt) 
is less than the observed value by about 56 mv. This is the only serious discrepancy so 
far observed in this direction, but a disturbance in the opposite sense is noted in the case 
of the two pert-hydroxyl groups of naphthazarin, for the experimental value, 0-3722 volt, 
is some 38 mv. less than that calculated by subtracting from the normal reduction potential 
of 1:4-naphthaquinone double the effect of substitution of one peri-hydroxyl group 
(obtained from the juglone potential). 

In considering the bearing of the principle of additivity on the general question of 
tautomerism of hydroxynaphthaquinones, six conceivable quinone structures, viz., 1 : 2, 
1:4, 1:5, 2:3, 2:6, and 2:8, may be based on the naphthalene nucleus, but of these 
only the 1:2, 1:4, and 2:6 are known to exist. From what is known of the effect of 
substituents on the reduction potentials of 1 : 2- and 1 : 4-naphthaquinones, it may safely 
be assumed that measurements are not materially affected by 1:4 => 1: 2 tautomerism, 
but in the absence of definite knowledge the same cannot be said of other possible tautomeric 
shifts. Accordingly, in the strictest sense, some of the reduction potentials now recorded 
have to be recognised as applying, not necessarily to the pure substituted 1 : 4-naphtha- 
quinones, but to tautomeric mixtures ia equilibrium. 

The Calculated Normal Reduction Potential of Droserone.—The effects of substitution 
recorded in Table II do not take into account any difference between the normal reduction 
potentials of the isomeric 2: 5- and 2: 8-dihydroxy-l :4-naphthaquinones. It is not 
definitely known to which constitution hydroxyjuglone conforms, but on the assumption 
that the hydroxyl groups in droserone occupy the same relative positions, we may deduce 
a value for its reduction potential by considering the effect of the 2-methyl group (— 0-0628 
volt) on the observed reduction potential of hydroxyjuglone (0-3149 volt). This leads to 
the value 0-2521 volt, which, however, takes no account of the effect (if any) that the 
substituent methyl group may exert on the equilibrium of any tautomerism in the hydroxy- 
juglone system. A second value may be derived by considering the effect of introducing 
a 5-hydroxyl group (— 0-0373 volt) into phthiocol (0-2992 volt), but the resultant figure, 
0-2619 volt, does not differentiate between the 2: 5- and the 2: 8-isomeride and may be 
influenced by tautomeric changes. 


JouHNsoN CHEMICAL LABORATORIES, UNIVERSITY OF ADELAIDE. (Received, May 4th, 1936.] 
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317. Complex Formation between Polynitro-compounds and Aromatic 
Hydrocarbons. Part III. Systems containing Tetranitromethane. 


By D. Lit. Hammick and R. P. Youne. 


WHEN a considerable variety of substances, having in common the property of anionoid 
reactivity, are mixed with tetranitromethane, which is colourless when pure, the production 
of coloured solutions shows that interaction of some kind takes place (Werner, Ber., 1909, 
42, 4324; Ostromisslensky, J. pr. Chem., 1911, 84, 489; Clarke, Macbeth, and Stuart, 
P., 1913, 29, 161; Harper and Macbeth, J., 1915, 107, 87, 1824). The colours produced are 
generally yellow (maximum absorption at about 4500 A.) but not uncommonly reddish- 
orange (anthracene). They are, in fact, very similar to the colorations produced when 
aromatic polynitro-compounds such as trinitrobenzene are mixed in solution with aromatic 
or unsaturated hydrocarbons or with bases such as aniline. As is well known, definite 
crystalline complexes can usually be obtained from the polynitro-aromatic systems; the 
existence of such solids containing tetranitromethane has not yet been definitely established. 
The latter fact suggests that in the tetranitromethane systems the complex molecules 
responsible for the colour are much less stable than those derived from polynitro-aromatic 
compounds and are never present in liquid phases in sufficient concentration for saturation 
to be reached. 

We have obtained some information as to the relative stability of the coloured complexes 
present in solutions containing tetranitromethane by adding to a standard solution of 
the nitro-compound in carbon tetrachloride increasing amounts of various hydrocarbons, 
the total volume of solution, V, being kept constant. Assuming that the colour density 
of the solutions is proportional to the number of coloured molecules present, we have 
followed the production of the latter with the addition of hydrocarbon by means of a 
spectrophotemeter. Whether the coloured molecule is a dipole aggregate or a true chemical 
compound, we assume that there is an equilibrium between complex molecules and their 
components to which the law of mass action can be applied. Then, if a gram-molecules of 
tetranitromethane and } gram-molecules of a hydrocarbon are mixed in a volume V of 
carbon tetrachloride, c gram-molecules of complex (1 : 1) being produced, we have : 


cla~—ch(d—c)—mK/V . . « 2 2 ee e 
and 
(ac/@b)o y= (a—c)/(at+b—2+V/K) .... . (ii) 
If c is small compared with a, K will also be small and V/K large compared with 
a+b—2c. We thus have 
(ac/éb)q ve» o = K.alV . . . . . . . . (iii) 
Now the colour density D, on the assumption that Lambert’s law holds, is connected 
with ¢ by 


aU I B51 Pe FH Lepore iy Ae 
(e = extinction coefficient, d = length of absorption tube) and hence in (iii), 
(@2D/db)q y = (a/V2)(K/ed) . « «© «© es e ee (YY 


Under these conditions, the variation of colour density D with addition of hydrocarbon 
should therefore be linear and, as will be seen from the data recorded in the experimental 
part, in all cases except one of the tetranitromethane systems investigated straight line 
plots of D against b are obtained. 

From equation (v) it follows that ratios of the slopes (@D/@b), y should give the relative 
stabilities (K) of the coloured complexes, provided the extinction coefficient ¢ is independent 
or approximately independent of the nature of the added hydrocarbon. The pure complexes 
cannot be obtained and hence no direct determination of the extinction coefficient can 
be made. In order, therefore, to form some idea of the variation of ¢ with the nature of 
the hydrocarbon added to tetranitromethane, we have determined the slopes (@D/2b)q, 7 
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for a series of hydrocarbons which form, with picric acid in chloroform solution, complexes 
whose relative stabilities are known from the experiments of Dimroth and Bamberger 
(Annalen, 1924, 488, 67) and Moore, Shepherd, and Goodall (J., 1931, 1447). Our tetra- 
nitromethane colour density slopes, which are proportional to K . e, give the same sequence 
(with one exception, discussed below) as the equilibrium constants for the picrates and we 
take this as implying that the extinction coefficient does not vary greatly with the nature 
of the added hydrocarbon. 

Assuming therefore that the colour density slope (@D/@), y is approximately pro- 
portional to the equilibrium constant K, we have investigated a series of systems con- 
taining tetranitromethane and benzene derivatives CgH;R, the anionoid reactivity of 
the nucleus varying with the nature of R. As will be seen below, the relative magnitude 
of the equilibrium constant increases with increasing reactivity. 

In a number of cases the colour density slopes have been determined at two temperatures. 
From equation (v) we obtain, on the assumption that ¢ is independent of temperature and 
neglecting the expansion of the solvent, 


éln(@D/é)q, y/@T = alnK/@T = H/RT? 


from which we have calculated heats of interaction H. 

Equation (v) was derived from (ii) for the condition that the amount c of complex 
produced is negligible in comparison with the amount a of tetranitromethane in solution. 
As the amount of c increases, the a of equation (v) must be replaced by a — c before it 
becomes necessary to take the difference a + 6 — 2c into account in comparison with 
V/K in the denominator in equation (ii). In other words, when on the addition of a 
hydrocarbon to a tetranitromethane solution the linear variation of colour density breaks 
down, we may expect equation (ii) to approximate to 


(ac/ab)q y = (a—c)/(a+b—2c+V/K)=(a—c).K/V . . (vi) 


from which we get 
@(8c/ ab) /ab = — K/V . ac/éb 
or 


aln(éc/ ab) /ab = — K/V 
Introducing (iv), this leads to 
aéin(@D/éb)/ab = — K/V . . . . . «. « « (vii) 


We have applied this equation to the data for the system mesitylene-tetranitromethane 
and obtained a value of approximately 0-07 for the equilibrium constant. 


EXPERIMENTAL. 


Materials.—Tetranitromethane, prepared by Chattaway’s method (J., 1910, 97, 2099), was 
washed with dilute sodium carbonate solution, dried with anhydrous sodium sulphate, and 
fractionally distilled under diminished pressure (b. p. 34—35°/20 mm.; m. p. 12-5°). The 
carbon tetrachloride used as solvent in all the experiments was free from sulphur and free 
chlorine and was distilled from phosphoric oxide immediately before use. 

Measurement of Colour Density.-—In all cases the following procedure was adopted: 1 c.c. 
of a solution of 8-25 g. of tetranitromethane in 25 c.c. of carbon tetrachloride (1 g.-mol. in 2-381 1.) 
was run, from a micro-burette, into the absorption tube of a Hilger-Nutting spectrophotometer. 
To the tetranitromethane solution was added, also from a micro-burette, the requisite volume 
of a solution in carbon tetrachloride of the second component of the system to be examined 
and the mixture was made up to 4 c.c. with carbon tetrachloride. The absorption tube was 
then screwed into a metal jacket through which a thermostatically controlled stream of water 
could be circulated. In all cases determinations of colour density were made at A 4300 A. 
Data are given below. Under bd are the ratios of hydrocarbon to tetranitromethane molecules 
in the solutions examined. As in all cases the number of g.-mols. of tetranitromethane was the 
same, viz., (1/2-381) x 10-%, the actual number of g.-mols. of hydrocarbon in each solution is 
given by (b/2-381) x 10°. 
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The ratio D/b is recorded to show the linear variation of colour density with addition of 
hydrocarbon required by equation (v). 


TABLE I, 
Benzene. T = 20°8°. Toluene. T = 20°8°. 
By caseresssves 1666 2°332 3°332 3°918 4°664 6°664 0°14 0:28 0°39 0-49 0°59 
BP excesses 0085 07114 0°159 07198 0°229 0°344 07128 0°243 0°343 0°443 0°542 
Db eevee 0051 0°049 0°048 0°051 0°049 0°52 0°91 0°87 0°88 0°90 0°92 
o-Xylene. T = 20°8°. m-Xylene. T = 20°8°. 
B iiwicsenis 0°0395 0°0790 0°1185 0°1580 0°1975 0:°2765 0039 0°078 0-116 0°155 0°194 
Bidimnsassdes 0:230 0°435 0°670 0°887 0124 0°56 0-218 0444 0°645 0°890 0-101 
DIO <8 5°82 5°51 5°65 5°61 5°69 5°64 5°58 5°69 5°56 5°74 5°68 
p-Xylene. T, = 208°. T, = 600°. 
D ssscsccevevsneqeieses 0°019 0°048 0°077 0°116 0-193 
Baga . 040 0bs%sn6ees 0°165 0°423 0-700 1-030 1°720 
oe enamitaos Fete a 0°361 0-574 0-872 ap 
pS 8°68 8°81 9:09 8°88 8°91 
D6o0-02/D  .seeeeeeeeee -- 7°52 7°46 7°52 — 
Phenol. T = 21°. Phenyl acetate. T = 21°. 
i cestinnatenelil 0:0239 0°0478 0°0716  0°0955 0-0552 071380 0-2208 0°3312 
pp i a a a 0-295 0589 0878 1-166 0097 0:226 0°367 0543 
j EET 12°34 «12321226 = 12-21 1-767 1-64 1-66 1-64 
Diphenyl ether. T = 20°0°. T = 60°0°. 
Be aiscnstshesbalivighe 00106 00212 0°0372  0:0532 0:1062 
Bling) stosciancenstee 0-159 0°306 0°553 0-798 1-601 
ibe’ ‘sinlaitebasts 0-125 0-247 0-439 0-633 1-238 
Dane iD | cocsisoonsss 15-00 14-43 14°86 15-00 15-06 
Baa; cxrstecesoes 11-79 11°65 11-80 11-90 11-65 
Anisole. T -= 21-0°. Phenetole. T = 21°0°. 
CB ALESE 00115 00231 0°0404 —0-0577 0:0134 00269 0°0403 00537 
DP iiss cescthsenticel 0-233 0475 0-829 1-172 0-277 0555  0:832 1-102 
ie paaane 20°26 = 20°56 = 20°52 20°31 20°68 20°63 20°64 20°52 
B-Methylnaphthalene. T, = 20°8°. 
Naphthalene. T, = 20°8°. 7, = 60°2°. -  -T, = 62:0°. 
Dsnisrerninaee 0006 0-012 0-0201 0-0302 eo 0°0053 00106 0-0159 0-0212 
Dapay 2000s 0-211 0414 0680 1-037 Dever «+--+. 0-213 0-418  0°632 0838 
Deoae v.00. 0182 0370 0-613 0-920 Deve». 0-184  0°366  0°546 0°726 
Daog/b ... 352 345 340 346 Daos/b 40°19 39°44. «39°75 39°53 
Deov/b ... 303 309 307 307 Dese/b 34°72 34°53 + 34°34 4-34-25 


2:4-Dimethylnaphthalene. T, = 20°8°. 


T, = 61° B-Naphthol. 7, = 20°8°. T, = 62°3°. 
DB ecscccceseee 0°00493 0°00986 0°01479 0°01972 D  sivsccees 00051 0°0102 0:0153 0°0204 
Dao-ge -+++++ 0°247 0°484 0°723 0-968 Dass «-- 07260 0°524 0°780 1045 
Dagger <0<c«e 0°217 0°423 0°643 0°861 Deze «-- 0°218 0°435 0°658 0°859 
Doo-ge/b ... 50°11 49-09 48°88 49°09 Dao-g°/b ... 50°98 51°37 50°98 51°22 
Dei-o7/b ... 44°02 42°91 43°47 43°66 Dea-32/b ... 42°74 42°64 43°00 42°10 

a-Nitronaphthalene. T, = 20°8°. 
T, = 630°. Anthracene. T, = 21°0°. T, = 540°. 

D vncdvonsesisves 0°0648 071296 80-216 Be. cpcqibsscees 00129 0°0257 0°0386 0°05614 
ee 0-187 0°382 0°650 Darge seen 0°330 0-659 0-990 1°337 
BRA casstioks 0°177 0°341 0-580 Dsaoe — sveeee 0°254 0°495 0°753 1-005 
Dagehd 2000s 2-89 2°74 3-01 Daseeld 20000 25°58 25°64 25°64 26-01 
Deog-02/b «20+ 2°73 2°63 2°68 Ds-0°/b «...+- 19°69 19°26 19°50 19°55 


(The data for the system a-nitronaphthalene-tetranitromethane have been corrected for the 
absorption due to the nitronaphthalene.) 


Mesitylene. T = 20°8°. 


BD _ secccesceccoece 0-0043 0-0086 0-0172 0-0258 0-0344 0-0428 0-0600 0°0856 
D sescvecseceecie 0-090 0°198 0°415 0-592 0°740 0-860 1-08 1-20 
Sdevedstseee 20°93 23°02 24°12 22°94 21°51 20°09 18-06 17°5 
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SUMMARY AND DISCUSSION OF RESULTS. 


As has been pointed out above, the magnitudes of the colour density—hydrocarbon 
slopes are proportional to the constants for the equilibrium between components and 
complex in solution, provided the extinction coefficients for the different solutions can 
be taken as approximately the same. In Table II these slopes, in arbitrary units, are 
compared with the equilibrium constants found by Moore, Shepherd, and Goodall (loc. cit.) 
in chloroform solution for the picric acid complexes of the same hydrocarbons. 


TABLE IT. 
a-Nitro- O-, M-, Mesityl- Naphthal- £-Methyl- 
’ Benzene. Toluene. naphthalene. -Xylenes. ene. ene. naphthalene. 
OD Obs. 7 «+. 0°05 0°895 2°88 5°64, 5°65, 8°73 =. 21-0 * 34°6 39°73 
Rate, verses 0-09 0°12 [1°02] 0°15 0°18 2°17 3°44 


* From initial slope. 


It is seen that, with one exception («-nitronaphthalene), the order of stability of the 
picric acid complexes is the same as that given by the colour density slopes for the tetra- 
nitromethane complexes. The partition method used by Moore, Shepherd, and Goodall 
gives equilibrium constants that cover the total interaction of nitro-compound and hydro- 
carbon due to association between permanent dipoles and between induced dipoles as well 
as chemical interaction, if any. According to the view adopted by- Moore, Shepherd, and 
Goodall, chemical interaction is alone responsible for the production of colour and hence 
our comparative stabilities, which depend solely on colour densities, should refer to chemical 
equilibria only. The different positions occupied by «-nitronaphthalene in the two series 
in Table II then become readily explicable, for it is the only highly polar compound 
among the aromatic substances whose interactions with the two polynitro-compounds are 
compared. Moore, Shepherd, and Goodall’s constant takes account of dipole association 
as well as chemical interaction and hence has a higher relative value than that given by 
our comparative method, which refers to chemical interaction alone. 

Dimroth and Bamberger’s experiments (loc. cit.) on the picric acid complexes of the 
following hydrocarbons place them in the following order of stability; our relative values 
for the equilibrium constants are shown below the respective hydrocarbons: — 

B-Methyl- (2: 4-Dimethyl- 
Benzene. Anthracene. -Naphthalene. naphthalene. naphthalene.} [8-Naphthol.]} 
0°05 25°72 34°6 39°7 49°3 64:1 


From these results we conclude that our assumption that the extinction coefficients for 


the various tetranitromethane-hydrocarbon systems are approximately the same is 


substantially valid. 
In Table III are collected the relative values for the equilibrium constants K found 
for the interaction between tetranitromethane in carbon tetrachloride and a series of 


benzene derivatives, C,H;R. 


TABLE III. 
fn it © H CH, O-CO-CH, OH O-C,H, O-CH, O-C,H, 
x vsscan 0°05 0-90 1-68 12-28 15°87 20°41 20°62 


The order of the substituents is that required on the Robinson—Ingold principles for 
increasing reactivity towards additive reagents except in the case of phenol, which would 
be expected to follow diphenyl ether. It must be remembered, however, that phenol is 
associated in solution, which means that the (@D/@)q y slope quoted for phenol is certainly 
too small. 


TABLE IV. 
Diphenyl . B-Methyl- 
Substance. p-Xylene. ether. Naphthalene. naphthalene. 
H (kg.-cals.) ...ceceeseeeeee 0°72 1°55 0°60 0°71 
2 : 4-Dimethyl- a-Nitro- 
Substance. naphthalene. f-Naphthol. naphthalene. Anthracene. 
di ecebecescoes 0°86 1°69 1-59 
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The heats of interaction of tetranitromethane with the various substances that were 
examined at two different temperatures are summarised in Table IV. 

The non-linear variation of colour density with addition of mesitylene to tetranitro- 
methane in carbon tetrachloride is shown in the figure. The necessary data for the 
application of equation (vii) were obtained from the curve and are given in Table V. 


TABLE V. 
ea ae ee 0°0065 0:0129 0°0215 0°0301 0:0386 0°0514 
log (OD/db) ...... 1-400 1°402 1314 1-236 1°125 1:107 


These values are also plotted in the figure (crossed circles) and are seen to lie satisfactorily 
about a straight line. 
The slope of log (@D/ab) against b is 7-4. Converting into Napierian logarithms and 
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introducing into equation (vii) with V = 0-004 litre, the actual volume of solution to which 
the colour densities refer, we obtain the value 0-068 for the true equilibrium constant. 
This value may be compared with Moore, Shepherd, and Goodall’s constant K (corr.) 
for the system mesitylene—picric acid in chloroform, which is more of a dissociating solvent 
than carbon tetrachloride. Approximate values for the true equilibrium constants for the 
other tetranitromethane systems can be derived from the absolute value for mesitylene 
and the relative values derived from the colour density slopes. Thus for benzene K 
will be of the order 10~*, which implies that in a molar solution of the constituents in carbon 
tetrachloride the concentration of coloured molecules will be about 10~ g.-mol. per litre. 


Acknowledgment is made of a Royal Society grant and by one of us (D. Ll. H.) of a Lever- 
hulme Research Fellowship. 
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318. Polymolecular Adsorbed Films. Part I. The Adsorption of Argon 
on Salt Crystals at Low Temperatures, and the Determination of Surface 
Fields. 

By R. STEVENSON BRADLEY. 


THE adsorption of the inert gases at low temperatures is interesting since there is the 
possibility of the formation of loose co-ordination compounds in which the inert gas acts 
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as a donor of electrons to an ion with an incomplete electronic shell, especially as Booth 
and Willson (J. Amer. Chem. Soc., 1935, 57, 2273, 2280) have shown that similar com- 
pounds are formed between argon and boron trifluoride. Such compounds would be 
expected to be stable at atmospheric pressure only at low temperatures. The results 
show that actually polymolecular films are built up. The mechanism of the formation 
of these films is of considerable interest, and a detailed analysis is given below. The 
method permits an estimate to be made of the field at the surface of the salt crystals. 
The lowering of the vapour pressure of argon by certain active catalysts has been observed 
by Hiittig and Juza (Z. anorg. Chem., 1928, 177, 313). 


EXPERIMENTAL. 


The apparatus (Fig. 1) consisted of a quartz spiral spring of low sensitivity (1 g.= 4-146 cm.), 
to the end of which was attached a long quartz fibre. Higher sensitivity involves the use of 
a smaller load and a greater ratio of the weight of the containing vessel to that of the salt, and 
gives a less robust balance. A hook at the end of the fibre carried a thin Pyrex bulb weighing 
about 0-1 g. and containing finely powdered salt. Measurements of the upper end of the fibre 
relative to the reference point were made by a microscope reading to 0-001 mm. The maximum 
depressions with copper sulphate and aluminium sulphate were 0-25 and 0-40 mm. respectively 


" 


Fic. 1. 


F205 


SSI 
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(+ 0-002 mm.). The spring was contained in the case A with ground joints. The salt was 
always kept protected from vapours, when the tap on the case was open, by the liquid-air 
trap B. An electric heater C could be slid over the end of A. A small piece of radioactive 
glass prevented electrification of the quartz spring. The inert gas was contained in D, and 
could be circulated and kept dry by the Toépler pump with a phosphoric oxide tube attached. 
Pressures could be read on the McLeod gauge and on the manometer G. All apparatus was 
cleaned by potassium permanganate and concentrated sulphuric acid, followed by sulphurous. 
acid and water; Apiezon grease was used. 

The apparatus was exhausted with the heater at about 200° for several hours, a higher 
temperature being unsuitable on account of a probable increase in surface, and readings of 
pointer and reference point were taken. Asbestos packing during heating prevented collapse of 
the tap grease. It is possible that molecules of gas tenaciously held on a few active points of 
the surface are not degassed, but this will not materially affect the results, which are concerned 
with adsorption on the main surface. Moreover, only a very small amount of material has to be 
degassed. On admission of argon at room temperature the balance was insufficiently sensitive to 
detect any adsorption. The bottom of the balance case was then cooled by liquid air, the bulb 
began to fall, and after about 20 minutes the motion ceased. The pressure was read before and 
after cooling. The time lag was due merely to conduction and not to slow adsorption, since it 
could be reduced to a few minutes by allowing cold gas to stream on to previously cooled solid. 
After allowance for buoyancy changes, the weight of the adsorbed gas could be calculated from the 
linear calibration curve of the balance. A separate experiment showed that adsorption on the 
glass was negligible, as was to be expected from the small ratio of glass to crystal surface, viz., 
< 0-5%. On warming, the adsorbed film was rapidly desorbed and the system returned to 
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its initial state. The temperature of the liquid air could be read to-0-01° by means of the argon 
vapour-pressure thermometer E in conjunction with the manometer F. A comparison with 
a platinum-resistance thermometer afforded a check, showing that the gas was pure (it was 
supplied by the British Oxygen Co. as spectroscopically pure). The temperature of the liquid 
air could be maintained constant for sufficient time by bubbling in nitrogen from a cylinder, 
and thereby reducing the partial pressure of oxygen in contact with the liquid. Values taken 
at temperatures slightly different from those of the six isotherms given could be corrected by 
a small extrapolation, by using a graph of pointer depression against pressure of argon thermo- 
meter for constant pressure of the adsorbed film. 

The copper sulphate was obtained by dehydrating A.R. pentahydrate for some hours at 
350° until no change of weight occurred. The weighings showed that there was no loss of 
sulphur trioxide. The potassium chloride and aluminium sulphate were A.R. salts, and were 
dried just before use. Crystals were powdered finely in an agate mortar, and were graded by 
using the graticule described by Patterson and Cawood (Faraday Society Discussion on Smokes, 
April 1936) in conjunction with an eyepiece (x 12) and a 0-66-in. objective. The fine powder 
was dusted on to a microscope cover-slip by means of a clean camel-hair brush. The graticule 
was calibrated by means of a micrometer scale, the values given by Patterson and Cawood 
being used. In the counting, obvious aggregates were not included, since what was needed 
was the mean size of constituent crystallites. 

Results were found to be reproducible. A summary is given on p. 1471. 


Theoretical_—The formation of thick films will be studied on the assumption that the 
first film of adsorbed atoms is polarised by the positive ions of the salt, the influence of 
the negative ions being relatively small, owing, xn general, to their larger size. The first 
layer polarises the second, and this in turn can attract a third layer. In this way a thick 
film is built up with gradually decreasing polarisation as the distance from the surface 
increases. The calculation is greatly simplified by the rapid decay of the field due to an 
ionic crystal, or to a plane array of dipoles, as the distance increases; the decay is ap- 
proximately exponential and is thus much more rapid than that due to a single dipole. 
Hence, only the influence of adjacent layers on one another need be considered. 

The field due to the crystal will be taken as constant with small variations in tem- 
perature. The crystal induces a dipole pu in the first adsorbed layer. In addition, the dipoles 
induced in the second layer polarise the first layer in the same direction. All induced 
dipoles are, of course, perpendicular to the crystal surface. The potential due to a dipole 
sheet with uniformly spaced dipoles distant a, apart may be shown (Bradley, Phil. Mag., 
1931, 11, 449) to be given by 


oe) = 42 ent eae ee peri +m) 

+ a= z; t=1 e~ Pals[at] — e-2lbla)/] , . (1) 
where z is the distance at right angles to the sheet for a point directly under one dipole, 
E is the electronic charge, and 8 the dipole length, 7.¢., 3E = py, if we consider the dipole 
sheet due to the second layer. If « is the polarisability of an argon atom, then y,, the 


total induced moment of an atom in the first layer, is equal to p — «(d¢/dz),_», z being 
equated to 6, the diameter of an argon atom. With sufficient accuracy 


( ), wie ae bs ae B+ m2)te—2n(0 + my bja, 4. se sle- tain |. 


Hence p, = p+ cit where & is a constant of zero dimensions. 


Similarly Yo = R(uy + ug) Ym —. = (Um —2 + Um) 
Ug = R(u. + t,) Um = Rum—1 


All induced dipoles are in the same direction. Hence 


Um 4 = ee a Rum —» OF tm — 3(1 — k?) _ Rum —s 














1470 Bradley : Polymolecular Adsorbed Films. Pari I. 


Similarly Ym —1 = [k/(L — R*)])"~ 2y, 

Hence Ym = Rim. = A[k/(1 — B*))™— yn, 

and Um = Rtm — = R[R/(1 — F*)]™— 8 wy = R[R/(1 — k*)]™—3(u, — v)/k 
Hence &[k/(1 — k*)]™~? wy = [R/(L — F*)]™— 8 (uy — w) or (uy — w)(1 — #*) =F? ny 
and Um = wk[h/(L — k*)]™—2(1 — B*)/(1 — 2k?) 


The value of y, for g = 1 to (m — 1) is given by 
tty = wl /(1 — &%)}e~4(1 — A) /(1 — 242) 


The energy for the m layers per g.-mol. is given by 
Zz. = a * g?/Qa + Neg? /2a + Ey 


where N is Avogadro’s number and Ep, represents the mutual energy of the atoms due to 
repulsive and van der Waals forces. Hence 
k™—2 Ny? k*m-2 1 


_ Ne m—1 
Fm = 9g 2a AT at Be Tae Tt Fo 








The energy required to remove the last layer is E,, — E,_,. It may be shown that 


_ Ny? (1 — k*\2 [km - (1 + 2) — Rm - 4(1 — Re)? 
En — En-1 = (T=3m) [ (I — #22 -4 |+ 2% 


where the last term allows for the repulsive and the van der Waals forces for a single layer. 
Hence 





Ny? km-2 3 — k? , 
Em — Em -1 = "3° aE eet Eo 





The above calculation takes no account of the energy associated with the lateral repulsion 
of dipoles in a layer, for which a small correction is required. By straightforward sum- 
mation this is given approximately as 4N .4u2(1 + 4+ }...)/a,3 =4Nyp?/a,5 per g.-mol. 
(Bradley, Trans. Faraday Soc., 1934, 30, 596). Hence, since one layer only need be 
considered, with sufficient accuracy, 

1 4\ (3— ia -3 ; 

Fa Bany Nw (s,— 23) = BRO —pymeaet Eo= An - () 
where H,, is the latent heat of evaporetion for the m“ layer. If p» is the pressure of the 
gas in equilibrium with the adsorbed film of m layers, then RT log Jy = Hy + AT, where 
A isaconstant. But RT log = H,+ BT, where B is a constant and Hp is the latent 
heat of evaporation of the pure liquid; other terms in the vapour-pressure equation may 
be neglected. Hence 


RT log (Po/Pm) = Hm — Hy + (A — B)T 
—Ny?(L — 4) 8—*) 2)4 2m—-2 ° 
=Nut (5; — 53) (apne (I MAI — AYP B'g— Hy + (A—B)T 
or T 10g 10(Po/Pm) = KK.” + E’9 — Hy + (A — B)T 


a ae 
where ‘a san (5 — és) ne st C a Y and K, = [k/(1 — *)]*. 


The weight of the adsorbed film may be put proportional to m for a thin film relative to 
the dimensions of a crystallite, or ab = m, where a is the number of g.-mols. of argon 
adsorbed per g.-mol. of salt, and 6 is a constant. Naturally, the building up of the layers 
is not a discontinuous process, and the pressure will vary continuously during the formation 
of any layer; the calculation merely selects points, viz., those for complete films, on a 
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smooth curve. It follows that T logy (p9/pa) = K,K3* + E’) — Hy + (A — B)T, where 
K,? = K;. We may put E’) = Hy. * We may also put A = B; since K; is less than I, 
a becomes infinite when p, = fp, 1.e., when a bulk liquid is built up. Hence finally, 


T logio(bo/ba) = KyKy> se ee ee ee (3) 


De Boer and Zwikker (Z. physikal. Chem., 1929, B, 8, 407) deduce a similar result by a 
consideration of the free energies of adsorbed films, putting dF/db =0. They include 
another constant in equation (1), giving a = o when p, F fo. 

Equation (3) requires a flat S shaped curve which is actually observed. If a loose 
compound were formed, a would increase at constant pressure until the maximum amount 
of compound were formed. The adsorbed film may be regarded as a series of compounds 
changing in composition and equilibrium pressure as the adsorption continues ; theoretically 
the addition of each molecule of argon changes the compound. 

The calculation is readily extended to allow for the polarisation due to negative as 
well as positive ions, when there will be two values of » on the surface, and two inter- 
penetrating dipole lattices. However, in the examples below, the sulphates will certainly 
obey the simple theory given, since the radii of cupric and sulphate ions are approximately 
0-6 and 3-5 A. respectively. 


RESULTS AND DISCUSSION. 


(a) Argon on Anhydrous Copper Sulphate-—The mean surface of the crystallites was 
5-75 x 10° sq. cm. (the crystals being regarded as spheres). The density, determined 
by using carbon tetrachloride in the pyknometer, was 3-605 at 25-4°, in agreement with 
published values. In Table I are given the values of a in g.-mols. per g.-mol. of copper 
sulphate for pressures #,, in mm., at the absolute temperatures T. The values of a are 
compared with those calculated as below from equation (3). 


TABLE I. 
ax 10%, ax 10%, ax10%, ax 10%, ax 10%, ax 10 
Pe: obs. calc, Pa obs. calc. Pe obs. calc 
T = 84°5°. T = 851°. T = 85°8°. 
100 8-0 78 50 6°7 5°9 17 4:0 4:1 
200 10°2 10°0 100 73 7:3 50 6°3 5°6 
300 12-3 12-3 200 9°6 9°5 100 69 6°9 
402 15°4 15°0 403 14°5 13°8 200 9-1 8-9 
463 16°9 17°5 480 15°9 16°4 402 13°5 12°8 
502 20°4 19°8 550 20°1 20°5 480 15:0 14°9 
536 24°1 24°2 580 22-0 24°6 550 17-2 17°6 
613 216 22-0 
642 23°7 27:9 
T = 86°5°. T = 87°2°. T = 87°9°. 
25 3°3 3°7 17 4:2 3°4 15 2°83 2-2 
50 59 5:0 50 5°4 4°8 50 5:0 4°4 
100 6°5 6°6 100 61 61 100 5°5 5°6 
200 8°5 8°6 200 8°4 8-0 200 8-0 7°4 
400 12°6 12°5 400 11-7 11°4 400 10°6 10°4 
480 14-2 14-2 480 13°3 13-0 480 12°5 11°8 
550 15°9 16°2 550 15°1 14°6 693 16°6 17-0 
613 19°3 19°6 642 18°0 17°8 750 19°7 20°4 
665 24-0 24°0 700 20°7 21°5 770 20°3 22:4 
687 25°5 28°0 730 25°5 25°6 


The curves are easily analysed. From equation (3) 


log sol T logy9 (Po/Pa)] = logypKy + 410849 Kg or logyy 10g 49(Po/Pa) = logyo(Ky/T) + 410g 19 Ks 


Hence a plot of a against log,, log,o(49/p.) should give a straight line. In every case a 
good line was obtained, as is seen in Fig. 2, where, for convenience, only one temperature 
is considered; since K, and Ky are nearly the same for all the curves, the lines for other 
temperatures lie very close to the line given; log, )K; is calculated from the slope of this 
line, and log,9(K,/T) is.given by the value of logy, logi9(9/P.) for a = 0. The constants 
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are then used to calculate the values of a in Table I. Good agreement with experiment 
is observed, as may also be seen from Fig. 3, where the curves are calculated from equation 
(3), and the points are experimental. For clearness, only two curves are given. Results 
are summarised below : 


D stnseperescesssens 84°5° 85°1° 85°8° 86°5° 87°2° 87°9° 
Big. csvccsescsccese 377°5 360°5 336°5 279°8 293-0 286°3 
Beg cccerecccesoecs 0°796 0-794 0-796 0°813 0°803 0°796 


The constants are calculated for the graphs of 10%a, 7.¢., T logig (po/Pa) = K,K 3. 

At pressures near the saturation values for the pure liquid a slight divergence is ob- 
servable from the theoretical curve. This may be due to the filling up of pore space, #.e., 
the adsorption is less than that calculated from the equation owing to the union of films 
formed from adjacent crystal surfaces. This may be partly counteracted by the fact that 
ais not proportional to m for thick films. It is noticeable that K, but not K; varies with 
T. Them. p. of argon is ca. 83-8° Abs., which is below the temperatures observed. There 
is no suggestion from the trend of the constants of the solidification of the film. It is 
hoped to take up this interesting point later with a more suitable example. A possible 
influence of temperature on K, may be due to the change in effective diameter of the argon 
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atom with temperature, in the liquid state, which would tend to cause a decrease in u with 
increasing temperature, especially as the crystal field varies rapidly with the distance. 

From the surface of the crystals and the density of liquid argon, the constant ) may 
be calculated to be 2-85 x 10°; K, is taken to be 0-796. Hence [k/(1 — k®)]* = 0-7961/285, 
which gives k = 0-6075. The values of H, can be calculated from the equation 
Hy, = 2-303RK,K,"* + Ho. This gives : 


a x 10° 2 5 10 15 20 
Hy, — H, 949 486 159 53 16 


where H,, — Hg is given in g.-cals. per g.-mol. Since m = ab, a value of a x 10? = 10 
corresponds with about 29 layers. As would be expected, the value of H,, gradually 
approaches that for the bulk liquid, 7.e., the latent heat of evaporation. The influence 
of the crystal surface is thus effective at some considerable distance from the surface. 

From the equation for K, it is easy to calculate p, the dipole induced in the first layer 
due to the crystal field. It is found that » = 2:31 x 10°” e.s.u., which corresponds with 
a surface field at the centre of the argon atom of 14-1 x 10‘ e.s.u. The point at which 
the field is measured is approximately 2-5 A. from the centre of the copper ion. It is thus 
possible to map out the field by the use of other inert-gas atoms, it being assumed that 
variations with temperature are small. 

(b) Argon on Potassium Chloride.—No formation of thick films was observed even at 
pressures near the saturation value for the bulk liquid. This may be expected on account 
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of the small polarising power of the alkali metals, and from the approximate equality of 
the ionic radii of potassium and chlorine. It is clear that the field due to a mixed dipole 
sheet with dipoles in two groups of approximate equality but opposite direction will be 
small. This suggested the use of a tervalent ion of high deforming power, viz., Al”. 
Aluminium sulphate is a convenient substance to use, since its hydrate can be dehydrated 
without loss of acid radical, and since the negative ion has a small polarising influence. 
The unimolecular adsorption of argon on potassium chloride has been considered by 
Lennard-Jones (Trans. Faraday Soc., 1932, 28, 333). 

(c) Argon on Aluminium Sulphate-—The mean surface of the crystals was 3-20 x 10% 
sq. cm. Results are summarised in Table II, where the calculated values are obtained 
from equation (3). Linear plots of logy, log;9(p9/p,) against a were obtained as before 
(see Fig. 2). 


TABLE II. 
ax10*, ax10, ax10%, ax10?, ax10%, ax10?, ax10%, ax10?, 
Pa: obs. calc. Pe: obs. calc. Pe: obs. calc. Pa obs. calc, 
T=85°0°. T=85°4°. T=85°9°. T =85'8°. 

6 2°4 1-2 18 2°5 2°8 6 16 1-1 10 13 13 
24 3°4 3°0 63 4:3 4°6 9 2-1 15 27 2°4 2°4 
49 4°4 4:1 100 5:0 5°5 19 2-8 2°3 55 3°3 3°4 

102 53 5°6 194 7-0 73 50 3°9 3°6 98 4°2 4°4 
176 71 73 303 8°9 9-2 87 4°8 4°6 204 5°8 6°2 
263 9°4 9-0 396 11°3 lll 172 6°3 6°3 314 7°3 76 
390 12°7 12-3 503 14:0 13°9 246 77 75 394 8-4 8-8 
444 14°4 141 600 17°3 18°9 290 8-2 8-2 480 10°5 10°2 
530 171 18°3 633 18°6 241 330 9-0 8°9 595 12°3 12°3 
562 18°6 22-0 370 10°3 9°7 690 14°9 14°8 

464 12°0 11°4 

558 13°8 13°9 

615 16°3 16°0 

670 18°8 20°1 


The results when plotted give curves similar to those shown in Fig. 3. Analysis of 
the curves gives the following values for the constants : 


T .) dvvrcccescccscesesccososeccess 85°0° 85°4° 85°9° 86°8° 
Bh g cccsecescceccesccoseccovecsece 218-4 259°4 230-0 223°1 
Tg cccceocecsdpccvsccccccctoesies 0°805 0°787 0-791 0°792 


The constants are calculated from the curves for 10a, 1.e., T log (p9/pa) = K,K,'®*. 
Good agreement between theory and experiment is obtained. 

The value of b is 9-47 x 10?, giving k = 0-615. This gives » = 1-93 x 10°, and the 
field at the centre of the argon atom in the first layer = 11-8 x 10%. The calculation of 
the surface field is dependent on a knowledge of the crystallite dimensions, but is not very 
sensitive to changes in the latter. A reduction of surface in the case of copper sulphate 
from 5-75 x 10° to 15 x 10° reduces the value of u from 2-31 x 10° to 0-99 x 10°%, 

The radius of the Al” ion is 0-55 A., so the argon atoms in the first layer are at about 
the same distance from the cation for adsorption on copper sulphate and aluminium 
sulphate. The field in the latter case is smaller, notwithstanding the increased ionic 
charge, probably because of the greater crystal spacing; ¢.g., the density of copper sulphate 
(3-6) is considerably greater than that of aluminium sulphate (2-7). 

It appears that thick films of this type can be built up only on crystals with cations 
which have incomplete electronic shells, with which is associated the tendency to form 
co-ordinate and covalent links. It is hoped in subsequent work to extend the scope of 
this inquiry over a wider field. 


SUMMARY. 


By means of a quartz spiral balance, the adsorption of argon at 84-5—88° Abs. on 
finely powdered anhydrous copper sulphate and aluminium sulphate and on potassium 
chloride has been studied. Except with the last, thick films were built up. The theory 
of the formation of thick films by polarisation is discussed. Results agree with the equation 
given by theory, viz., T log (po/P.) = KK; *, where pp and , are the saturation pressures 
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of the bulk liquid and the adsorbed liquid film, and K, and K; are constants. The dipole 
moments induced in the adsorbed atoms and the fields at the surface due to the crystals 
are calculated. 


My thanks are due to Professor Whytlaw-Gray, F.R.S., for his interest and especially for 
the loan of the graticule. 


THE UNIVERSITY, LEEDs. (Received, July Tth, 1936.] 





319. The Complex Benzoylation Products of Indigotin. Héchst 
Yellow U. 


By E. Hope and J. S. ANDERSON. 


RECENTLY the formula (I) has been proposed for the dye Héchst Yellow U (de Diesbach, 
de Bie, and Rubli, Helv. Chim. Acta, 1934, 17,113). The present authors disagree with this 
view on the ground of results obtained by them in this field during the last seven years, 
and propose the structure (II) instead. The main reason for disagreement is that (I) 
cannot be logically related to what we believe to be the true formula of-Héchst Yellow R 
(III) (Hope, Kersey, and Richter, J., 1933, 1000). Our principal reason for advocating the 
structure (III) for Héchst Yellow R is that, up to the present, it is the only one which can 
give a reasonable account of the results of boiling the substance with dilute alkalis at the 
ordinary pressure. 


OH 
co | ¢o 
~ OH 
te 0 co co C% CO BzN i 


me Sao Ye “YY 
Ca + 04 (IV.) 


A satisfactory formula for Héchst Yellow R must explain the quantitative production 
of equivalent amounts of benzoic acid, anthranilic acid, and a lactam, C,,H,O,N, when 
alkali is applied to it under the conditions mentioned. It can be seen that (III) represents 
a substance which, after hydrolysis of the benzoyl group, contains a quinolone structure ; 
this is the source of the anthranilic acid, which can arise without disturbance of the lactam 
linkage. Formula (IV) (proposed by de Diesbach e¢ al., loc. cit.), on the other hand, 
represents a substance which, after hydrolysis of the benzoyl group, would require severance 
of the lactam linkage to provide a route to anthranilic acid. 

Héchst Yellow U is derived from Héchst Yellow R (III) by stirring in 80% sulphuric acid 
at 140°. It is likely that the sulphuric acid catalyses the separation of hydroxyl, and the 
complex radical (ion) remaining can gain stability by losing the benzoyl group, thus leaving 
Hochst Yellow U (II). It is known that, when Hochst Yellow U is digested with excess of 
ethyl-alcoholic sodium ethoxide, a deep blue-green solution is produced (Posner, Zimmer- 
mann, and Kantz, Ber., 1929, 62, 2150). This solution contains what these authors term 
“the monohydrate of Héchst Yellow U,” to which they assigned a formula which can be 
no longer accepted. 

The present work deals in more detail with the nature of this “‘ monohydrate,” which is. 
brick-red. It is clear from our results that the ‘‘ monohydrate ”’ is formed by the severance 
of the lactam ring in (II), thereby giving the amino-acid (V). This red amino-acid gives, 
on methylation with methyl sulphate and aqueous caustic soda, a red monomethyl and a 
scarlet dimethyl derivative, the first still having acid character and melting at 238—240°, 
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the second being insoluble in alkali and melting at 168°. The latter compound is evidently 
the substance described by Posner eét al. as the ‘‘ monomethyl produkt des monohydrats 
von Héchster Gelb U.” The dimethyl] derivative loses one methyl group by the action of 
boiling hydriodic acid (Zeisel estimation). The monomethy] derivative is not affected by 
hydriodic acid at 140° and hence must have its methyl group on a nitrogen atom. 


CO,H “ 
H 


CO C e 


(V.) (VI.) (VII.) 


Posner and his collaborators observed that the parent acid (V) reverts with great ease, 
by loss of water, to Héchst Yellow U, resembling the corresponding acid from Ciba Yellow 
3G in this behaviour (Hope and Richter, J., 1932, 2786). This re-formation of the neutral 
lactam occurs when a solution of (V) in dilute alkali is warmed ; also, in attempts to take the 
melting point of the acid (V), dehydration to Héchst Yellow U takes place (above 100°) long 
before melting. On the other hand, the red monomethy] derivative of (V) is a stable acid, 
remaining unaffected when warmed in dilute alkaline solution. The presence of the methyl 
group on the nitrogen atom precludes lactam formation. 

The present investigation deals also with the effect of aqueous alkalis at high temper- 
ature on Héchst Yellow U. The dye is very resistant to such agents below 160° or there- 
abouts. Good results were obtained with the finely divided dye and i5% aqueous caustic 
soda at 210—215° in a steel autoclave, the main product being a colourless amino-acid 
produced by isomeric change of the amino-acid (V), and we assign to it the formula (VI). 
In accordance with this structure, it gives, on methylation with methyl sulphate and alkali, 
a mono- and a di-methyl derivative. The former is an ether-acid ; the latter an ether-ester, 
from which hydriodic acid in a Zeisel estimation removes two methyl groups. 

The acid (VI) holds on to co-ordinated water with remarkable tenacity. It is still 
attached after crystallisation of the substance from methyl alcohol, ethyl acetate, or glacial 
acetic acid, and does not come off in a melting point tube until about 180°. The acid (VI) 
forms a rather sparingly soluble ammonium salt. The methyl ether of (VI) yields a very 
sparingly soluble sodium salt. (VI) is a fairly strong base, dissolving readily in 4% hydro- 
chloric acid. It was shown to give phthalic acid among the products of oxidation by 
potassium permanganate. 

When specimens of the amino-acid which have been crystallised from ethyl acetate or 
methyl] alcohol are thrown into boiling diphenyl ether, vigorous effervescence occurs and 
ceases afterafew minutes. After a further period of boiling for 10 minutes,and subsequent 
cooling, a white insoluble product is obtained by adding excess of light petroleum, which 
dissolves the diphenyl ether. This decomposition product of (VI) differs from (VI) in 
being soluble in boiling benzene, from which it can be recrystallised. The purified product 
is insoluble in cold 5% caustic soda solution. It appears that lactone formation has 
occurred providing the lactone (VII). 

The formula (I) proposed by de Diesbach e¢ al. (loc. cit.) will explain most of the reactions 
of Héchst Yellow U described in this work, but cannot explain the above lactone formation. 

Among the products of interaction of Héchst Yellow U with 15% caustic soda solution 
there is invariably an acidic substance which will not dissolve in the excess of hydrochloric 
acid used in dissolving the main product, viz., the amino-acid. This substance, which is 
exceedingly troublesome to purify, appears to be isomeric with the amino-acid. We are 
inclined to the view that it has the formula (VI), with, however, the hydroxyquinoline 
structure in the isomericquinolone form. This view would accord with the results of methyl- 
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ation, but it is somewhat difficult to understand the lack of basic character in an acid of that 
formula. It has not yet been possible to examine this substance in sufficient detail to 
characterise it completely. 


EXPERIMENTAL. 


The Héchst Yellow U was made by heating Héchst Yellow R with 80% sulphuric acid at 
150° in an open vessel with vigorous stirring (G.P. 270943). When the reaction was over (about 
3 hours), benzoic acid ceased to sublime out of the liquid. The product was recrystallised from 
xylene until its m. p. was 285—287°. The pure product was obtained in a finely divided state by 
solution in cold concentrated sulphuric acid and reprecipitation by water. The damp material 
was thoroughly air-dried for the experiments in which alcoholic sodium ethoxide was used. 

Substance produced by the Action of Sodium Ethoxide on Hochst Yellow U.—The procedure 
described by Posner, Zimmermann, and Kautz (/oc. cit.) was followed in obtaining the substance 
which these authors call ‘‘ the monohydrate of Héchst Yellow U.” This substance, the red amino- 
acid (V), dissolves in 3% aqueous caustic soda, giving a deep brown-red solution with a green 
fluorescence. This, on boiling for a few minutes, precipitates Héchst Yellow U. The cold 
dilute alkaline solution of (V) gives back the red acid when acidified with acetic acid, but con- 
centrated hydrochloric acid in some excess gives a brownish-mauve precipitate, which is a 
hydrochloride. The red acid is also slightly soluble in 8% aqueous sodium carbonate, giving a 
red solution which precipitates Héchst Yellow U after some days. Solutions of the acid in 
caustic soda of more than 3% strength tend to precipitate a sparingly soluble sodium salt. 

Methylation of the Red Amino-acid (V).—The acid, isolated as above (2 g.), was dissolved in a 
considerable excess of 4% caustic soda solution (a 7% solution did not give a clear liquid), 
methyl sulphate (6 c.c.) added in portions during some 10 minutes, with vigorous shaking, and 
alkalinity maintained by further additions of caustic soda. The insoluble product was collected, 
washed with dilute caustic solution and then water, dried, and crystallised from alcohol, giving 
the dimethyl] derivative in well-formed scarlet crystals, m. p. 167—168°, with no sign of further 
change on heating to 280° (Found: C, 76-6; H, 3-9; N, 7-7; OMe, 7-0; M, 380. Calc. for 
C,,;H,,0,N,: C, 76-1; H, 4:6; N, 7-1; lOMe, 7-8%; M, 394). 

The filtered alkaline liquors from this methylation, on acidification with acetic acid, yielded a 
brownish-red precipitate of the monomethyl derivative. It gave a red solution in dilute aqueous 

caustic soda or sodium carbonate. At appropriate concentrations of alkali crystals of a sparingly 
soluble sodium salt separated. This compound crystallised well from alcohol (this fact 
distinguishes it at once from the parent red amino-acid, which yields Héchst Yellow U when 
boiled in that solvent. Further, the parent acid would be converted into Héchst Yellow U on 
heating in a melting point tube) and had m. p. 238—240° (efferv.) (Found: C, 74-9; H, 3-6; 
N, 6-6; OMe, nil. C,,H,,0,N, requires C, 75-8; H, 4-2; N, 7-4%). 

Both methylation products are fairly strong bases and dissolve in dilute hydrochloric acid, 
giving indigo-blue solutions. 

Action of Aqueous Caustic Soda on Hochst Yellow U.—Pure Hochst Yellow U (25 g.) was 
finely divided as described (above) and, after thorough washing and pressing on a filter and drying 
in the open air for 12 hours on porous plates, was ground with 180 c.c. of 15% aqueous caustic 
soda with added solid alkali to correspond to the water in the damp paste. The reaction vessel 
(either a narrow cylindrical steel tube with a screw-on top and a lead washer, or a steel autoclave) 
was heated in an oil-bath at 215° for 7 hours. After cooling, the clear reddish-brown liquid was 
diluted with 200 c.c. of water and run into a large excess of 10% hydrochloric acid (preliminary 
experiments had shown that, if hydrochloric acid is added gradually to the alkaline liquid, the 
first-formed precipitate partly redissolves). The substance insoluble in the excess of hydro- 
chloric acid was filtered off, stirred with dilute hydrochloric acid, collected, washed with water, 
and air-dried (yield, 7 g.). The two acid filtrates were united and partly neutralised with caustic 
soda, with cooling, and crystalline sodium acetate added. This precipitated a cream-coloured 
amino-acid (yield after filtration, washing, and drying, 11-4 g.). 

This amino-acid (VI) was dissolved in cold 5% hydrochloric acid, reprecipitated by sodium 
acetate, washed with water, and air-dried; after remaining for 3 days over phosphoric oxide in 
a desiccator, it retained 2H,O; m. p. 182° (efferv.) after slight shrinking at 176°. It crystallised 
well from ethyl acetate; m. p. 232° (efferv.) (Found: C, 67-8; H, 5-15; N, 6-6. C,,H,,O,N,,2H,O 
requires C, 68-6; H, 4-5; N, 66%). It'also crystallised well from methyl alcohol containing 
about 10% of water; m. p. (after drying in air) 198—199° (efferv.). The amino-acid formed 
sparingly soluble salts with sodium hydroxide and ammonium hydroxide. Excess of the cation 
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in each case caused some precipitation. The ammonium salt was dried for 4 days over 
phosphoric oxide (Found: N, 10-4. (C,3;H,,0O,N, requires N,, 10-0%). 

Action of Heat on the Amino-acid (V1).—It is essential to use amino-acid which has been 
recrystallised from ethyl acetate or methyl alcohol. The acid (3 g.) was added in small amounts 
to boiling diphenyl] ether (b. p. 257°) (15 c.c.); unless a high-boiling solvent is used, an intractable 
product is obtained. Each portion caused violent effervescence. Finally, the whole was boiled 
for 10 minutes. Addition of light petroleum (b. p. 40—60°) dissolved the diphenyl ether and 
left the product (VII) as a white precipitate, m. p. 207—212°. After crystallisation from benzene 
and from highly purified ethyl acetate, it melted at 230—231° (Found: C, 78-6; H, 4-0; N, 
8-3. C,,3H,,0,N, requires C, 79-3; H, 3-4; N, 8-0%). 

Derivatives of the Amino-acid (V1).—Benzoylation. The acid (4 g.) was dissolved in 10% 
caustic soda solution (40 c.c.), and benzoyl chloride (7 g.) added in small portions. The product 
was precipitated by neutralisation with hydrochloric acid, collected, extracted with boiling light 
petroleum (b. p. 60—80°), which removed the benzoic acid, crystallised from glacial acetic acid, 
and dried for 3 hours at 110°; the benzoyl derivative then melted at 265—267° (efferv.) (Found : 
C, 74-6; H, 4:5; N, 5-7. C39H,,0,N,,H,O requires C, 73-7; H, 4-0; N, 5-7%). The efferv- 
escence was due to elimination of firmly attached water of hydration. The product so formed 
was identical with that produced by warming the original benzoyl derivative with acetic 
anhydride. After crystallisation from toluene-ligroin it melted at 212—213° [Found : N, 6-1; 
M (Rast), 441. C,,H,,0,N, requires N, 5-95%; M, 470]. This dehydration product is a 
carboxylic acid like the benzoyl derivative from which it is derived. It dissolves, like that 
substance, in dilute sodium carbonate solution and is reprecipitated by acids. 

Acetylation. The air-dried substance was boiled for a short time with a mixture of equal 
parts of acetic acid and acetic anhydride. The product crystallised on cooling; after recrystal- 
lisation from glacial acetic acid it melted at 272° with no sign of decomposition (Found : C, 73-9; 
H, 4:3; N, 6-6. C,;H,,0O,N, requires C, 73-5; H, 3-9; N, 6-9%). This acetyl derivative is a 
carboxylic acid, dissolving easily in dilute sodium carbonate solution. 

Methylation. The substance (7 g.) was dissolved in 10% caustic soda solution (40 c.c.) 
and shaken with methyl sulphate (8 c.c.), added in 2 c.c. portions during 10 minutes. About 
10 c.c. of 10% caustic soda solution were now added, and a further 3 c.c. of methyl sulphate, 
the temperature being allowed to reach 25°. The greyish crystalline dimethyl derivative was 
filtered off, ground with dilute caustic soda solution, and washed. It crystallised well from 
methyl alcohol. The pure product melted at 238—239° and showed no further change on being 
heated to 280°. It differs markedly from the parent amino-acid in having no affinity for solvent 
molecules (Found: C, 75-5; H, 5-5; N, 7-7; OMe, 16-8; M, 375. C,,H,,0,N, requires C, 
76-1; H, 4:8; N, 7-1; 20Me, 15-7% ; M, 394). It dissolves easily in 3% hydrochloric acid and 
is insoluble in alkalis. That it is an ester, is shown by boiling it for a short time with 8% hydro- 
chloric acid. From the acid solution, sodium acetate precipitates an acid which differs from the 
parent amino-acid in many respects. It resists acetylation. It melts with decomposition at 
308—310°. Heating with hydriodic acid shows that it retains one methoxy-group (Found : 
N, 7:1; OMe, 7-6. C.,H,,0,;N,,2H,O requires N, 7-0; 10Me, 8-2%). These results are in 
consonance with the view that the parent acid has the formula (VI) and that the substance, 
m. p. 308°, is an ether-acid. 

Oxidation of the Amino-acid.—The acid (2 g.) was dissolved in 100 c.c. of 8% sulphuric acid. 
At 40—50°, a concentrated solution of potassium permanganate (total, 8 g.) was gradually run in. 
The liquid was filtered, made alkaline (smell of ammonia), again filtered, and evaporated to small 
bulk. Potassium sulphate was filtered off, and the filtrate extracted with ether. On evapor- 
ation of this, phthalic acid remained, which was converted into its anhydride, m. p. 130°. 

The Second Acidic Product of the Action of Aqueous Alkali on Hochst Yellow U.—This product 
having no basic character, was left undissolved in the excess of 10% hydrochloric acid used to 
dissolve the amino-acid. It was redissolved in dilute sodium carbonate solution, boiled with 
charcoal, and reprecipitated by dilute hydrochloric acid. After washing and drying in the air, 
it had m. p. 222—227° (efferv.). The effervescence is not due to loss of carbon dioxide and must 
be due to water. The crude acid was dissolved in 10% caustic soda solution at 50°; a sparingly 
soluble sodium salt slowly separated in the cold. The acid separated from nitrobenzene in 
greyish crystals, which were washed with toluene and heated in an air-oven at 120° for 2 hours; 
m. p. 206—208° and effervescence at 212° (Found: C, 71-7, 71-9; H, 4-4, 4:8; N, 7-2. 
C,3H,,0,;N,,H,O requires C, 71-8; H, 4:2; N, 7-3%). 

Methylation. By treatment with methyl sulphate and caustic soda, this acid yielded a 
methylation product, which gradually separated from the alkaline liquor. Crystallisation from 
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benzene-light petroleum gave yellowish crystals, m. p. 247—249° [Found: C, 76-4; H, 4-4; 
N, 6-75; OMe, 7-0; M (Rast), 336, 342. C,,H,,0,N, requires C, 76-1; H, 4-6; N, 7-1; 1OMe, 
78%; M, 394]. Itseems that two methyl groups have been introduced in this methylation, and 
one only is removable by hydriodic acid. It is likely that the unaffected one is on a nitrogen 
atom, as suggested in the introduction. 


The authors thank Dr. D. Richter for valuable help in the discussion of difficulties in this 
work; also the Chemical Society for several grants and British Dyestuffs Corporation for gifts 
of pure indigo. 
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320. The Reactivity of the Methylene Growp in Some 
Nitrodiphenylmethanes. 


By G. D. Parkes and R. H. H. Mor ey. 


THE influence of the nitro-group upon the reactivity of a neighbouring methylene group 
is well known (see, ¢.g., Bamberger and Schmidt, Ber., 1900, 38, 2050; Parkes ‘and Williams, 
J., 1934, 67) and the similar influence of a 2: 4-dinitrophenyl residue was observed by 
Meyer (Ber., 1889, 22, 320). 

In order to discover the extent to which the number and positions of the nitro-groups 
present influence the reactivity of the methylene group the behaviour of the following 
nitrated derivatives of diphenylmethane with solutions of diazonium salts and with - 
nitrosodimethylaniline (compare Sachs and Kempf, Ber., 1902, 35, 1226) has been examined : 
diphenylmethane itself, 4:4’-, 2:4'-, 2:2’- and 3: 3’-dinitrodiphenylmethanes, 
2:4:2':4'-tetranitro- and 2:4:6: 2’: 4’-pentanitro-diphenylmethanes. Experiments 
performed under a variety of conditions showed that in no case can nitrated pheny] residues 
alone enhance the reactivity of the methylene group to the extent required to bring about 
coupling with diazonium salts. 

Diphenylmethane and 3: 3’-dinitrodiphenylmethane do not react with #-nitrosodi- 
methylaniline, but 4: 4’-dinitro- and 2:4: 2’: 4’-tetranitro-diphenylmethane condense 
smoothly in presence of anhydrous sodium carbonate, yielding purplish-red products. 
2 : 4'-Dinitrodiphenylmethane yields, though much less readily (8 hours’ boiling), a product 
of similar appearance. This, however, is apparently a molecular compound, for it is so 
unstable that in solution in absence of alkali it breaks up into its original constituents. 
The product from 4: 4’-dinitrodiphenylmethane is hydrolysed smoothly to 4 : 4’-dinitro- 
benzophenone by boiling dilute mineral acids, but the product from 2:4: 2’ : 4’-tetra- 
nitrodiphenylmethane is unaffected by prolonged boiling with a sulphuric acid (50%)- 
acetic acid mixture and even forms an unstable hydrochloride. 2 : 2’-Dinitrodiphenyl- 
methane reacts with #-nitrosodimethylaniline, but the product could not be obtained 
pure; it resisted hydrolysis, however, like that from the 2 : 4 : 2’ : 4’-tetranitro-derivative. 

The number and positions of the nitro-groups present thus have a marked influence 
upon the methylene group in nitrated diphenylmethanes, and in the main this influence 
is of the kind which would be anticipated, but the wide difference in the stability of the 
products is surprising. The resistance of 2:4: 2’ : 4'-tetranitrobenzophenone-p-dimethyl- 
aminoanil to hydrolysis may be due to steric effects, but the difference in the behaviour of 
the 4 ; 4’- and the 2,: 4’-compound is unexpected, and not simply explicable. 


EXPERIMENTAL. 


The nitrodiphenylmethanes were obtained by nitration of diphenylmethane, the 4: 4’- 
and the 2 : 4’-isomer by the method of Staedel (Annalen, 1894, 283, 156) and the 2 : 2’-compound 
according to Schnitzspahn (J. pr. Chem., 1902, 65, 322). The preparation of 2: 4: 2’: 4’-tetra- 
nitrodiphenylmethane by the methods of Doer (Ber., 1872, 5, 795), Staedel (Annalen, 1883, 218, 
319), and Schépff (Ber., 1894, 27, 2318) was not altogether satisfactory. The following procedure 
gave a quantitative yield. A mixture of 45 g. of nitric acid (d 1-53) and 150 g. of concentrated 
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sulphuric acid was added very slowly with shaking to 100 g. of diphenylmethane, the temper- 
ature being kept below 50°. At the stage corresponding to the formation of dinitrodipheny]l- 
methane yellow crystals separated, and when this occurred the mixture was warmed to 70° 
on a water-bath, and the remainder of the acid together with a further mixture of 50 c.c. of nitric 
acid (d 1-53) and 100 c.c. of fuming sulphuric acid (20% SO,) added with vigorous shaking. The 
now clear liquid was kept at 90° for 1 hour, cooled, and poured on ice. The tetranitrodiphenyl- 
methane which separated (190 g.) was washed with sodium bicarbonate solution and recrystal- 
lised from glacial acetic acid. 

2:4:6: 2’: 4’-Pentaniirodiphenylmethane was obtained by addition with shaking to 50 g. 
of powdered 2: 4: 2’: 4’-tetranitrodiphenylmethane of a mixture of 110 g. of fuming nitric 
acid (d 1-5) and 250 c.c. of fuming sulphuric acid (20% SO,). The mixture was kept at 100° 
for 3 days and poured on ice. The solid which separated was washed with sodium bicarbonate 
solution and extracted with hot acetic acid, in which the by-product 2: 4: 2’: 4’-tetranitro- 
benzophenone was only very sparingly soluble. On cooling, the filtered extracts deposited 
unchanged 2: 4: 2’ : 4’-tetranitrodiphenylmethane, which was removed; and on long standing 
2:4:6: 2’: 4’-pentanitrodiphenylmethane separated. After repeated crystallisation from 
acetic acid it formed pale yellow, rhombic plates (10 g.), m. p. 200° (Found: N, 17-8. 
C,,;H,O,,N, requires N, 17-8%). 

Hexanitrodiphenylmethane could not be obtained, since no further nitration took place at 
100° and at higher temperatures oxidation occurred. 

The following modification of Schépff’s method (loc. cit.) was found satisfactory for the 
preparation of 3: 3’-dinitrodiphenylmethane. A mixture of 120 g. of nitrobenzene, 700 g. of 
concentrated sulphuric acid, and 50 c.c. of 40% formalin was maintained at 60—70° for three 
weeks. After dilution with water, the excess of nitrobenzene was removed by steam distillation 
and the 3 : 3’-dinitrodiphenylmethane remaining was washed with water and crystallised three 
times from acetic acid (charcoal) (50 g.). 

Condensations with p-Nitrosodimethylaniline.—20 G. of 4 : 4’-dinitrodiphenylmethane (1 mol.), 
12 g. of p-nitrosodimethylaniline (1 mol.), and 25 g. of anhydrous sodium carbonate were refluxed 
for 3 hours with 200 c.c. of ethyl alcohol. On cooling to 0°, a reddish solid separated, which was 
washed with acetic acid, and then with hot water until the washings were colourless. The 
compound was dissolved in boiling acetone, and hot alcohol added; on cooling, 4: 4’-diniiro- 
benzophenone-p-dimethylaminoanil separated as a reddish-brown amorphous substance, m. p. 
155° (Found : N, 14-2. C,,H,,0,N, requires N, 14-4%). 

2:4: 2’: 4’-Tetranitrobenzophenone-p-dimethylaminoanil, prepared similarly from 25 g. of 
tetranitrodiphenylmethane, 14 g. of p-nitrosodimethylaniline, and 30 g. of anhydrous sodium 
carbonate, and purified by precipitation from hot benzene solution with hot ligroin, was an 
almost black, amorphous solid which, when dried on a water-bath, yielded a reddish-black 
powder, m. p. 143° (decomp.) (Found: N, 17-6. C,,;H,,O,N, requires N, 17-5%). 

2: 2’-Dinitro- and 2: 4: 6: 2’: 4’-pentanitro-diphenylmethane gave purplish-black reaction 
products which could not be obtained in pure crystalline forms. The colour change seems to 
indicate, however, that reaction can take place. 

Hydrolysis of the Condensation Products.—A solution of 5 g. of 4: 4’-dinitrobenzophenone-p- 
dimethylaminoanil in 30 c.c. of acetic acid was boiled for 5 minutes with 10 c.c. of concentrated 
hydrochloric acid. The red colour faded and dilution with water gave 4 : 4’-dinitrobenzophenone 
(2 g.). 

A similar solution of 2: 4: 2’: 4’-tetranitrobenzophenone-p-dimethylaminoanil underwent 
no change after many hours’ boiling and the original compound was recovered unchanged. 

The crude condensation product from 2 : 2’-dinitrodiphenylmethane showed a similar resist- 
ance to hydrolysis, for the colour showed no sign of diminution after 2 hours’ boiling with con- 
centrated hydrochloric acid diluted with an equal volume of water. No 2: 2’-dinitrobenzo- 
phenone could be isolated and the bulk of the condensation product was recovered unchanged. 

Dry hydrogen chloride, passed into a solution of 2: 4: 2’: 4’-tetranitrobenzophenone-p- 
dimethylaminoanil in dry benzene, precipitated a greenish-yellow solid, which was probably a 
hydrochloride. It rapidly lost hydrogen chloride when removed from the solution, leaving a 
residue of the original anil. 


THE Dyson PERRINS LABORATORY, OXFORD, [Received, June 29th, 1936.) 
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321. The Preparation of Amino-alcohols. Part II. 


By Joun T. ABRAMS and FREDERIC S. KIPPING. 


EXPERIMENTS on the synthesis of amino-alcohols of the adrenaline type by the method 
recently described (J., 1934, 1988) have been continued. In one more case all the four 
stages there given (p. 1989) have been carried out, so the method is established as a general 
one. In three other syntheses the substituted esters, the amides, and the hydroxy-amides 
have been prepared, but the final reaction in each case has not been studied. As the 
authors have been obliged to discontinue their joint work, the new amino-alcohol and the 
various intermediate compounds of the other series are described here. 


Ethyl «-benzoylisovalerate, COPh-CHPr®-CO,Et, prepared from ethyl benzoylacetate, iso- 
propyl iodide in large excess, and an alcoholic solution of sodium ethoxide in the usual way 
(yield, 72%), had b. p. 161—162°/12 mm., gave no colouration with alcoholic ferric chloride, and 
was not appreciably soluble in dilute sodium hydroxide solution. 

Ethyl «-benzoyl-y-methylvalerate, COPh-CHBué-CO,Et, obtained in a similar manner using 
isobutyl iodide in considerable excess (yield, about 72%), boiled at 152—155°/5 mm. When 
isobutyl bromide was used instead of the iodide, the yield fell to about 42%. 

Ethyl a-benzoyl-88-dimethylvalerate, CH,Pr®8-CH,-CH(COPh)-CO,Et, prepared in 83% yield 
from ethyl benzoylacetate, isoamy] iodide, and an alcoholic solution of sodium ethoxide, boiled at 
169—170°/6 mm. (Found: C, 73-1; H, 8-4. C,,H,,O, requires C, 73-3; H, 84%). It wasa 
pleasant-smelling, rather viscous oil, which gave no distinct colouration with alcoholic ferric 
chloride and did not form a copper compound as do ethyl benzoylacetate and ethyl «-benzoyl- 
propionate. 

Some physical constants of the esters, COPh-CHR:-CO,Et, are : 


R= H. C,H,. C;H,. a 
SP ac cucneentataniapeaniaieiend, an 1-506 1-505 1-500 1-496 
grt PCat NT vr td 1-070 _ 1-036 1-023 
7, FG EMR LE TE 61-3 st 70°4 74°6 


In the preparation of ethyl a-benzoylpropionate (loc. cit.) the yield has been increased from 
about 72 to 90% of the theoretical by treating ethyl benzoylacetate (1 mol.) with ethyl iodide 
(4 mols.) and an alcoholic solution of sodium ethoxide (1 mol.). 

The conversion of the above-described esters into the corresponding amides takes place 
extremely slowly when the esters are left in contact with aqueous ammonia (d 0-88) or dissolved 
in a saturated alcoholic solution of ammonia; in the latter case it would seem that equilibrium 
is established, since, although the respective amides are doubtless produced more quickly, they 
remain in solution and their quantities are relatively small even after the lapse of several weeks. 
Other methods were being investigated, but have not yet been worked out. 

a-Benzoylisovaleramide was obtained from a solution of the ester in saturated alcoholic 
ammonia at the ordinary temperature after some 14 days; it crystallised from alcohol in long 
colourless plates, m. p. 179—180° (Found: C, 70-5; H, 7-25. C,,H,,0O,N requires C, 70-2; H, 
7:3%). The yield was only about 7%, and when the ester was shaken, discontinuously, and left 
in contact with saturated aqueous ammonia (10 vols.) during about 7 days it seemed to be 
entirely unchanged. 

a-Benzoyl-y-methylvaleramide was obtained by shaking the ester, discontinuously, with 
concentrated aqueous ammonia (15 vols.) during some 24 days; it crystallised from alcohol in 
compact prisms, m. p. 157—158° (yield, about 30%) (Found: C, 70-9; H, 7:7. C,;H,,O,N 
requires C, 71-2; H, 7-8%). 

a-Benzoyl-88-dimethylvaleramide, obtained from the corresponding ester in a similar manner, 
crystallised from alcohol in colourless needles, m. p. 156—157° (Found: C, 72-0; H, 8-1. 
C,,H,,0,N requires C, 72-1; H, 8-2%). 

These three amides resemble benzoylpropionamide (/oc. cit.) in being sparingly soluble in 
water, chloroform, benzene, and ether, but moderately so in boiling alcohol; they do not give a 
definite colouration with alcoholic ferric chloride and apparently they do not form imines 
NH:CPh-CHR-CO-NH,. Preliminary experiments have indicated that the rates of formation of 
the amide from the corresponding ester and aqueous ammonia are, in descending order: R = Me, 
Et, Bu, CH,Pré-CH,, Pr&. 

The reduction of a-benzoylisovaleramide with aluminium amalgam and aqueous alcohol 
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seemed to take place normally, but from the product neither of the diastereoisomerides of which 
it is probably composed could be isolated in crystals. 

8-Hydroxy-B-phenyl-a-isobutylpropionamide, CHPh(OH)-CHBu®-CO-NH,, was obtained, to- 
gether with the corresponding pinacol, [NH,-CO-CHBu®-CPh(OH):],, by treating the solution of 
the appropriate amide (9 g.) in aqueous alcohol (160 c.c. of alcohol, 40 c.c. of water) with alumin- 
ium amalgam (8 g. of aluminium), the mixture being warmed on the water-bath during about 
3 hours. The filtered solution was evaporated to dryness, and the yellowish semi-crystalline 
residue treated with hot ethyl acetate containing a small proportion of benzene. As the solution 
cooled, long colourless needles (0-89 g.) were precipitated; the mother-liquor was decanted as 
soon as hexagonal plates (about 1 g.) began to separate, and later on a further crop of needles was 
obtained. These two products were separately recrystallised. The first compound (needles) 
melted at 169°, and below 140° when mixed with the parent ketone. Compared with the amide 
(below), it was only moderately easily soluble in boiling alcohol, ethyl acetate, and benzene, 
sparingly so in the cold solvents, and was doubtless the pinacol (Found: C, 70-4; H, 8-3. 
C..H;,0,N, requires C, 70-9; H, 8-2%). The second compound, the amide, crystallised from hot 
ethyl acetate in lustrous hexagonal plates, m. p. 136—137°, and was rather sparingly soluble in 
boiling water (Found: C, 70-4; H, 8-5; M, in camphor, 197. (C,,;H,,O,N requires C, 70-6; 
H, 8-6%; M, 221). 

8-Hydroxy-B-phenyl-a-isoamylpropionamide was prepared by reducing the corresponding 
amide under conditions similar to those just described. The semi-solid product, obtained by 
evaporating the filtered solution, fractionated from ethyl acetate-light petroleum, gave sparingly 
soluble needles (m. p. 159°; m. p. with ketone, below 130°), which probably consisted of the 
pinacol, and transparent hexagonal plates (m. p. 137—138°) of the amide (Found: C, 71-6; 
H, 8-8; M, in camphor, 242. C,,H,,0O,N requires C, 71-5; H, 89%; M, 235). 

B-A mino-a-phenylbutyl alcohol, CHPh(OH)-CHEt-NH,, was prepared by gradually adding a 
suspension of 6-hydroxy-$-phenyl-«-ethylpropionamide (loc. cit.) (1-5 g.) in water (12 c.c.) in 
the course of 15 minutes to 10 c.c. of sodium hypobromite solution (bromine 9-0 g.; sodium 
hydroxide 18-0 g. in 100 c.c. of solution). The mixture was maintained at 0° during 2 hours; 
excess of sodium hydroxide was then added and the turbid solution was warmed on the water- 
bath during a further 2 hours. The biscuit-coloured semi-solid product which then separated 
was extracted from the cooled solution with chloroform, and the extract was shaken with dilute 
(1:1) hydrochloric acid; from the acid solution the liberated base was again extracted with 
chloroform and dry hydrogen chloride was passed into the dried chloroform solution. The 
hydrochloride was then precipitated in lustrous colourless prisms, only moderately soluble in 
chloroform, but readily soluble in water, and alcohol. The yield of pure product (m. p. 195— 
196°) was 0-5 g. or 32% of the theoretical. A small proportion of a yellow non-basic substance 
was also obtained. The platinichloride crystallised in yellow lustrous plates, only. moderately 
soluble in water. The free base, obtained from the hydrochloride, melted at 79—80°, was 
fairly soluble in chloroform and benzene, sparingly soluble in light petroleum, and readily 
soluble in alcohol. It crystallised from benzene-light petroleum in thick shining colourless 
plates (Found: C, 72-8; H, 9-1. C, ,H,,ON requires C, 72-7; H, 9-1%). The base was recon- 
verted into its hydrochloride by the evaporation of an alcoholic hydrochloric acid solution : the 
crystalline product again melted at 195—196°. The base, therefore, does not seem to be identical 
with that described by Hartung e¢ al. (J. Amer. Chem. Soc., 1930, 52, 3317) and may be the 
diastereoisomeride. 


UNIVERSITY COLLEGE, NOTTINGHAM. (Received, July 10th, 1936.) 





322. The Doubly Conjugated System in a- and B-Licanic Acids. 
By RoBert S. MorrE.t and W. R. Davis. 


IN a previous communication (Morrell and Samuels, J., 1932, 2251) the compounds formed 
by the combination of maleic anhydride and «- and §-eleostearic acids were described. 
The discovery and identification of a new acid, containing the triply unsaturated conju- 
gated system, suggested the application of the Diels—Alder synthesis (cf. Farmer, Amn. 
Reports, 1930, 86) as a possible means of obtaining easily identifiable crystalline derivatives 
of this compound. Licanic.acid, occurring as its glyceride in the oil (oiticica) from the fruit 
of Licania rigida, was identified by Brown and Farmer (Biochem. J., 1935, 29, 631) as a 
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4-keto-A®:11:13_octadecatrienoic acid occurring naturally as its «-form, but isomerisable 
by light to a $-modification. Prior to the work of Brown and Farmer the 4-keto-group 
remained undetected and van Loon and Steger (Rec. trav. chim., 1931, 50, 936) considered 
the acid an isomeride of the elezostearic series.* The maleic anhydride addition complexes 
of a- and §-licanic acids herein described are of interest, therefore, in that they support the 
structure assigned to the acid by Brown and Farmer. 

Both acids combine with maleic anhydride to form crystalline derivatives, that from the 
a-acid melting at 79° and that from the 8 at 97°. The reaction in both cases is markedly 
exothermic and the transitory development of a yellow colour during the combination, as 
observed with the elzostearic acids, was noticed. 

The addition complexes show a much greater stability towards atmospheric oxidation 
than do the free «- and $-licanic acids, which are, indeed, extremely sensitive. 

Ozone or alkaline permanganate oxidation of the two compounds and an examination of 
the breakdown acids decided at which two of the three ethenoid linkages the addition had 
occurred. The a-compound gave y-ketoazelaic acid in 34% of the calculated yield with 
only a trace of valeric acid, and the 8-compound gave 87 % of the calculated yield of valeric 
acid with no identifiable y-ketoazelaic acid. The smaller yield of y-ketoazelaic acid in the 
a-oxidation is ascribed to further breakdown of the acid by oxidation at the ketone group. 
The maleic anhydride compound of «-licanic acid is accordingly given formula (I) and that 
from the £-acid formula (IT). 


(.) CH,[CH,]° CH< eye CH:CH-[CH,],-CO-[CH,]_-CO,H 
CO-0-CO 
CH,'[CH,],°CH:CH- CH< HCH [CH,],CO-[CH,],CO,H (L) 
CO-0-CO 


In addition to the above-mentioned breakdown acids, both compounds gave on oxid- 
ation a considerable quantity of tar, representing, no doubt, the remaining oxidised six- 
membered ring section of the molecule. In the oxidation of the a-complex, where alkaline 
permanganate at 0° was employed as the oxidising agent, 11 atoms of oxygen were required 
to bring the process to completion. 

(I) and (II) have been reduced by hydrogen in the presence of a platinum oxide catalyst, 
and crystalline saturated derivatives, m. p. 111° and 73°, respectively, obtained; as in the 
case of the hydrogenated products of the corresponding elzosteric acid compounds the a- 
derivative has the higher melting point. Both compounds absorbed 4 atoms of hydrogen 
each as is required by the doubly unsaturated structures assigned to them; the ketone 
radical, however, was not capable of reduction under the conditions employed and, indeed, 
showed comparative inactivity. The hydrogenation products would not form crystalline 
semicarbazones or 2: 4-dinitrophenylhydrazones, although the ketone oxygen atom is 
clearly shown by analysis. The y-ketoazelaic acid when split from the «-complex formed a 
semicarbazone with readiness. 

The conjugated double bonds taking part in the maleic anhydride addition are the same 
with the licanic acids as with the elzostearic system (cf. Morrell and Samuels, Joc. cit.) ; 
thus the two furthest from the carboxyl radical in the case of the a- and the two nearest 
in the case of the 8-, are employed. There exists, therefore, a similarity in the cis—trans 
arrangements of these linkings in the two pairs of acids, and the probable X-trans-trans—cis- 
Y-CO,H structure for the «- and X-cis-cis—trans-Y°CO,H for the B-, deduced for the elzo- 
stearic acids from steric considerations (Morrell and Davis, Trans. Faraday Soc., 1936, 
32, 209), is equally applicable to «- and 8-licanic acids. 

The iodine value estimations of unsaturation on (I) and (II) were unreliable, as abnor- 
mally high figures were given. This was due, no doubt, to the enolisation of the ketone 
radical, previously observed with the free acids and glycerides by Kappelmeier (Fetichem- 


* The occurrence of elzostearic acid as well as of licanic acid in oiticica oil will be discussed in 
another paper. 
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ische Umschau, 1935, 42, 145), since the fully saturated products from (I) and (II) also 
showed a marked iodine value. 


EXPERIMENTAL, 


To minimise oxidation the freshly prepared mixture of a- or £-licanic acid and the other 
acids in the oil was combined with maleic anhydride and subsequently treated for the isolation 
of the maleic anhydride compound, in preference to the isolation of the licanic acid in a pure 
state before combination. In consequence a large number of crystallisations (usually 5 or 6) 
were necessary to purify the produtt and the final yield in each case was relatively small (10— 
20% of the calculated value). 

General Method of Preparation.—(1) For the a-compound. Oiticica oil, freshly extracted 
from the fruit of Licania rigida in an atmosphere of carbon dioxide, was saponified in nitrogen. 
The mixed fatty acids obtained from the alkali salts by acidification were treated with a slight 
excess of maleic anhydride (1 mol. anhydride: 1 mol. C,,H,,0;). Combination was carried 
out in dry carbon dioxide at 85°. The reacting mixture developed a yellow colour and its tem- 
perature rose 20° above that of the heating bath. When the combination was complete the 
yellow colour had practically disappeared. Excess of maleic anhydride was removed at 90° 
under reduced pressure in a stream of carbon dioxide. The resulting syrup was dissolved in a 
small volume of benzene and added dropwise to 10 times its volume of light petroleum (b. p. 
40—60°) maintained at 40° and rapidly agitated. The fatty acids in the mixture not reacting 
with maleic anhydride were extracted by this means and the petroleum-insoluble maleic anhydr- 
ide compound collected as a syrup at the bottom of the vessel. The petroleum solution was 
decanted and the syrup after five or six recrystallisations from ether sts the pure «-licanic acid— 
maleic anhydride compound (I). 

(2) For the B-compound. For the preparation of the B-complex a 25% petroleum solution of 
oiticica oil was treated with 0-01% of iodine and kept in sunlight. The precipitate of @-licanin 
thrown down was rapidly filtered off in carbon dioxide and treated as the oil in (1) to give even- 
tually the pure §-licanic acid—maleic anhydride compound. 

The a-Licanic Acid—Maleic Anhydride Compound.—The compound crystallised from ether in 
needles, m. p. 79° [Found : C, 67-6, 67-8; H, 8-0, 7-9; I val. (48 hours Wijs), 165-1 (cf. p. 1482). 
C,.H;,0, requires C, 67-7; H, 7-7%; I val., 130-2]. Oncatalytic hydrogenation in acetic acid 
at room temperature and pressure, 4-08 atoms of hydrogen were absorbed per mol. The 
hydrogenation product crystallised from acetone—light petroleum in needles, m. p. 111° [Found : 
C, 67-1; H, 8-4; I val. (65 hours Wijs), 55-1. C,.H,,O, requires C, 67-0; H, 8-6%; I val., zero]. 

Oxidation. 8 G. of the a-licanic acid—maleic anhydride compound were dissolved in 40 ml, 
of water containing 4 g. of sodium carbonate and oxidised at 0° with 5% potassium permanganate 
solution. After 496 ml. of this had been added (11-5 atoms of oxygen per mol. of compound) 
reduction of the permanganate was practically complete. The mixture was filtered from the 
manganese dioxide, which was re-extracted with boiling water. The filtrate and washings were 
combined, evaporated to 150 ml., acidified, and extracted with ether (5 x 70 ml.), the dried 
extract was evaporated, and the residual syrup steam-distilled. Only traces of rancid-smelling 
steam-volatile acids were obtained from the distillate. The non-steam-volatile syrup was ex- 
tracted with cold water, which was filtered from a little insoluble tar. After evaporation of the 
water the product was crystallised three times from chloroform, giving 1-4 g. of white crystalline 
y-ketoazelaic acid (cf. Brown and Farmer, Joc. cit.), m. p. 108-5° (34% of the calculated yield) 
(Found : C, 53-3; H, 6-8. Calc. forC,H,,0,: C, 53-5; H,6-9%). Thesemicarbazone had m. p. 
194—195° (decomp.) (Found: C, 46-55; H, 6-5. Calc. for C,,H,,O,N,: C, 46-3; H, 6-6%). 

The B-Licanic Acid—Maleic Anhydride Compound.—The compound crystallised from ether in 
needles, m. p. 97—98° [Found : C, 67-6; H, 7-7; I val. (24 hours Wijs), 188-0, (48 hours) 205-2. 
C.2H 3,0, requires C, 67-7; H, 7-7%; I val., 130-2]. On catalytic hydrogenation in acetic acid 
at room temperature and pressure, 3-92 atoms of hydrogen were absorbed per mol. of compound. 
The hydrogenation product crystallised from ether in needles, m. p. 72—73° [Found: C, 67-2; 
H, 8-9; I val. (48 hours Wijs), 28-3. C,.H,,O, requires C, 67-0; H, 8-6%; I val., zero]. 

Ozonisation of the B-Licanic Acid—Maleic Anhydride Compound.—In an attempt to restrict 
the breakdown to the double bonds in the molecule, ozone was employed as a means of fission. 
Ozonised oxygen was passed through 4-5 g. of the compound, dissolved in 90 ml. of chloroform, 
for 25 hours, the whole being maintained at 0°. The solvent was then removed in a current of 
air at 50°, and the ozonide carefully warmed with 100 ml. of water and finally refluxed at 100° 
for 2 hours to complete the decomposition. The aqueous solution was oxidised below 20° with 
138 ml. of 5% permanganate solution to convert any aldehydic products into acids. The acid 
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products were separated from manganese dioxide as before and worked up to give a mixed 
acidic syrup, which was steam-distilled. The non-steam-volatile tar was extracted with hot 
chloroform, from which 0-12 g. of an unidentified white solid was obtained, m. p. 99—105°. 
The steam-volatile fraction yielded 1-02 g. of a rancid-smelling oil, identified as valeric acid (87% 
of the calculated yield) by conversion into its p-bromophenacyl ester (Hann, Reid, and Jamieson, 
J. Amer. Chem. Soc., 1930, 52, 819), m. p. 73° (Found: C, 52-1; H, 5-0. C,,H,,0,Br requires 
C, 52-2; H, 5-0%). Authentic valeric acid gave a p-bromophenacy] ester, m. p. 73° (Found : 
C, 52-2; H, 49%). 


The authors thank the Government Grants Committee of the Royal Society and Imperial 
Chemical Industries Ltd., for grants and Professor Haworth, F.R.S., and the University of 
Birmingham for the facilities they have provided. 


THE UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, July 15th, 1936.) 





323. The Preparation and Therapeutic Properties of Certain Acridine 
Derivatives. Part I. Anil and Styryl Derivatives of 2 : 8-Diamino- 
acridine and Acridine-5-aldehyde respectively. > 


By W. L. GLEN, M. M. J. SUTHERLAND, and F. J. WILson. 


It has been shown by Browning, Cohen, Gulbransen, and others (Proc. Roy. Soc., 1926, B, 
100, 293; 1929, 105, 99; 1931, 108, 119; 109,51; 1932, 110, 249; 1933, 118, 293, 300 ; 
1934, 115,1; J. Path. Bact. ., 1931, 34, 592) that basic derivatives of various anil and styryl 
quinoline and benzthiazole compounds exhibit parasiticidal action. The anils in general 
are antiseptic im vitro (in serum as well as in aqueous medium) towards ordinary bacteria 
such as Staphylococcus and B. coli, and some of them have a therapeutic action on experi- 
mental streptococcus infection in mice. Certain of the styryl derivatives are effective 
chemotherapeutic agents in the treatment of experimental trypanosome infections. 

With a view to further investigation on the relation between chemical constitution and 
antiseptic or trypanocidal properties, we have chosen certain types of acridine derivatives 
for examination. Acridine itself is known to have germicidal properties, and the 2: 8- 
diamino-derivative, ‘‘ Proflavine,”’ is well known therapeutically. It seemed profitable, 
therefore, to examine derivatives of this substance with regard to both the effect of position 
of substituent groups and the type of linking of the group introduced. The preparation and 
properties of compounds named in the title are now described. 

Anils of the general type (I) were prepared by heating 2 : 8-diaminoacridine with the 
requisite aldehyde in a solvent with addition of a little 
piperidine, which was found to be the most suitable 

CHR:N IN-CHR catalyst. These anils were, however, too sparingly soluble 

N (L,) in water, and their salts too readily hydrolysed, for 

biological tests. The following styryl compounds were 

prepared by condensing acridine-5-aldehyde with «-picolinealkiodide, type (II), or 
quinaldinealkiodide, type (III), with piperidine as catalyst: (1) s-(2-pyridyl methiodide)- 
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(II.) ——_—> (III.) 


5-acridylethene (II, RX = Mel) and its Aydrochloride (la); (2) s-2-pyridyl-5-acridylethene 
dimethiodide (as II, RX = Mel); (3) s-(2-pyridyl ethiodide)-5-acridylethene (II, RX = EtI) ; 
(4) s-(2-pyridyl ethiodide)-(5-acridyl methiodide)ethene, (as II, RX = EtI); (5) s-(2-quinolyl 











ct 


eS. a Ss 








Therapeutic Properties of Certain Acridine Derivatives. Part I. 1485 


methiodide)-5-acridylethene (III, RX = Mel) and its hydrochloride; (6) s-2-quinolyl-5- 
acridylethene dimethosulphate (as III, RX = Me,SO,); (7) s-2-quinolyl-5-acridylethene 
dimethochloride (as III, RX = MeCl) and dimethiodide; (8) s-(2-quinolyl ethiodide)-(5- 
acridyl methiodide)ethene (as III, RX = EtI). In general, those styryls containing a 
quaternary ammonium group in both nuclei are orange or red, crystalline, and readily 
soluble in water. 

We intend to investigate quaternary compounds of anils of type (I), also anils derived 
from acridine-5-aldehyde and amino-compounds of styryls derived from acridine. 

Professor C. H. Browning, F.R.S., and Miss R. Gulbransen * report as follows on results 
of biological tests on the above compounds (1—8): ‘‘ The compounds Nos. (1), (1a), (2), 
(3), (6) and (8) have been examined for antiseptic properties im vitro and for trypanocidal 
action in mice experimentally infected with T. brucei (the methods used were those described 
by us, Brit. J. Exp. Path., 1921, 2, 95 ; Proc. Roy. Soc., 1929, B, 105, 99). All these 
substances were moderately antiseptic towards staphylococcus in dilute peptone water 
(inhibition of growth at a concentration of 1 : 40,000 of the substances), except No. 8, 
which was distinctly more active. In serum, all suffered some diminution of action 
(inhibition of growth with concentrations of 1: 10,000 to 1: 20,000). For B. coli, the 
antiseptic action was much weaker than for staphylococcus, as was found also to be the 
rule generally with styryl quinoline compounds (Browning, Cohen, Ellingworth, and 
Gulbransen, zdid., 1926, B, 100, 293); but the action on B. coli was intensified some- 
what in serum medium as compared with peptone water. All the substances were only 
moderately toxic for mice on subcutaneous injection, the tolerated dose ranging from 
1 c.c. of a 1 : 200 dilution to 1 c.c. of a 1 : 600 dilution per 20 g. of body weight. They 
were all devoid of trypanocidal action. This inactivity is not surprising in view of the 
previous observations on related compounds, since all the substances are devoid of 
amino- or acylamino-groups.”’ 


EXPERIMENTAL. 


Anils of 2 : 8-Diaminoacridine.—The general method of preparing these compounds was to 
suspend 2—3 g. of diaminoacridine in 40—60 c.c. of absolute alcohol, and then add the aldehyde 
(about 2-5 mols.) with 6 drops of piperidine as catalyst, and heat under reflux on the water-bath. 
The resulting solution was allowed to cool, and if necessary concentrated, and the anil which 
separated was filtered off. All these anils were readily hydrolysed by acids into their 
components. : 

2 : 8-Bisbenzylideneaminoacridine (I, R = Ph) (1 hour’s boiling) crystallised from alcohol in 
small, lemon-yellow, needle-shaped prisms, m. p. 220°; yield ca. 80% (Found: N, 10-9, 11-1. 
C,,H,,N; requires N, 10-9%). It is readily soluble in boiling pyridine and ethylene glycol 
monoethyl ether, very sparingly soluble in ether and water, and is slightly hydrolysed even by 
boiling water. 

2 : 8-Biscinnamylideneaminoacridine (I, R = CHPh:CH) (4 hour’s boiling) crystallised from 
pyridine or ethylene glycol monoethyl ether in microscopic golden-yellow needles, m. p. 252°; 
yield 75% (Found: N, 9-7, 9-7. C,,H,,N, requires N, 96%). It is readily soluble in these two 
solvents when hot, but very sparingly soluble in alcohol and ether. 

2 : 8-Bis-p-dimethylaminobenzylideneaminoacridine (I, R = NMe,°C,H,) (1 hour’s boiling) 
was purified by refluxing with absolute alcohol; it formed microscopic orange-yellow, needle- 
shaped prisms, m. p. 230° (yield 75%), and its solubilities resembled those of the foregoing 
compound (Found: N, 14-9, 15-0. C;,H,N, requires N, 14-9%). It oxidised readily, becom- 
ing brown. 

2 : 8-Bisanisylideneaminoacridine (I, R = C,H,-OMe) (} hour’s boiling) crystallised from 
ethylene glycol monoethyl ether in small, lemon-yellow, needle-shaped prisms, m. p. 241—242° 
(Found: N, 9-6, 9-7. C,,H,,0,N, requires N, 9-4%), readily soluble in hot alcohol, pyridine, 
and ethylene glycol monoethy] ether. 

2 : 8-Bis-salicylideneaminoacridine (I, R = C,H,-OH) was prepared in a hot filtered solution 
of ethylene glycol monoethyl ether, being precipitated almost immediately. It was collected 
when cold, purified by refluxing with the same ether, washing with alcohol, and drying in a 
vacuum; yield 70%. It was a straw-coloured, microcrystalline powder, m. p. 282°, fairly 
soluble in hot pyridine, ethylene glycol monoethyl ether, nitrobenzene, and benzyl alcohol, very 


* Working with the support of the Medical Research Council. 








1486 Therapeutic Properties of Certain Acridine Derivatives. Part I. 


sparingly. soluble in alcohol, insoluble in ether (Found: N, 10-3, 10-3. C,,H,,O,N, requires 
N, 10-1%). 

Styryl Derivatives of Acridine.—s-(2-Pyridyl methiodide)-5-acridylethene (1). To the deep 
brown solution of 35-3 g. of «-picoline methiodide and 31-0 g. of acridine-5-aldehyde (1 mol.) 
in 70 c.c. of absolute alcohol, 10 drops of piperidine were added, and the solution was boiled for 
1} hours, the whole mass becoming practically solid. It was collected hot, washed with a little 
absolute alcohol and ether, dried in a vacuum, and crystallised from aqueous alcohol, in which it 
was readily soluble; yield 50%. The substance was dimorphous, occurring in yellow leaflets 
or orange needles which were interconvertible by seeding a solution with the appropriate crystal ; 
it became orange above 120°, darkened at about 215—220° and charred at about 220—225° 
with escape of gas (Found: N, 6-6, 6-9. (C,,H,,N,I requires N, 6-6%). The Aydrochloride 
(la), prepared by dissolving the base in hot dilute hydrochloric acid and allowing it to cool, 
formed red, needle-shaped prisms, which were recrystallised from alcohol, washed with ether, and 
dried in a vacuum (Found: N, 6-1. C,,H,,N,I,HCl requires N, 6-1%). 

s-2-Pyridyl-5-acridylethene dimethiodide (2). A suspension of 8-5 g. of (1) in 10 c.c. of ethylene 
glycol monoethyl ether containing 3-5 c.c. of methyl sulphate was warmed with shaking to 30— 
35°; reaction then commenced, the solid gradually dissolved, the temperature rose spontane- 
ously to about 70°, and was maintained at 100° for 10—15 minutes. After cooling and standing 
for 24 hours, the orange-red methosulphate was collected and washed with a little absolute 
alcohol and much ether, a second crop being obtained by precipitation with ether. Addition of 
potassium iodide to a hot concentrated aqueous solution precipitated the dimethiodide; this 
crystallised from water in hydrated, red, needle-shaped prisms, which lost water on drying 
and became darker; addition of water restored the red colour (Found: N, 5-0,5-2. C,,H, .N,I, 
requires N, 5-0%). 

s-(2-Pyridyl ethiodide)-5-acridylethene (3) was prepared in a similar way to (1) and was more 
soluble in water; yield 66%. It was recrystallised from water and then from alcohol and dried 
in a vacuum at 90°, forming orange platelets (Found: N, 6-5, 6-5. C,,.H,,.N,I requires N, 
6-4%). 

s-(2-Pyridyl ethiodide)-(5-acridyl methiodide)ethene (4). 6-6 G. of (3) were added gradually to 
13 c.c. of methyl sulphate, and the temperature slowly raised. There was a vigorous reaction, 
the temperature was allowed to rise to 100° and maintained at that for 5—10 minutes. The 
orange-red methosulphate which separated on cooling was collected, washed with a little alcohol 
and much ether, and dissolved in a little hot water, and a saturated solution of potassium iodide 
added. The desired substance was immediately precipitated ; it crystallised from water and then 
from alcohol in dark red, needle-shaped prisms, which were dried at 100° (Found: N, 4-9, 4-8. 
C,,;H,,N,I, requires N, 48%). 

s-(2-Quinolyl methiodide)-5-acridylethene (5). To the dark brown solution of 16-5 g. of 
quinaldine methiodide and 10 g. of acridine-5-aldehyde in 75 c.c. of absolute alcohol, 8 drops of 
piperidine were added and the whole was boiled for 5 hours; solid soon began to separate and the 
solution finally became greenish-blue. The precipitate was collected hot, washed with hot 
alcohol, and then refluxed with 70 c.c. of absolute alcohol for 1 hour to remove a green impurity ; 
yield 85%. It was insoluble or sparingly soluble in all the usual solvents, and separated from 
50% aqueous ethylene glycol monoethyl ether as a dark brown, crystalline powder, m. p. ca. 
220—225° (decomp.) (Found: N, 6-1, 6-2. C,,H,)N,I requires N, 5-9%). _ It dissolved in acids, 
giving a red solution which generally deposited salts (e.g., sulphate or nitrate) on cooling. The 
hydrochloride, prepared by cooling a solution in hot dilute hydrochloric acid, crystallised from 
water in hydrated, bright red, needle-shaped prisms, which became anhydrous on drying in a 
vacuum (Found: N, 5-5. C,;H,.N,I,HCl requires N, 5-5%). The aqueous solution was bright 
red and faintly acid to litmus. 

s-2-Quinolyl-5-acridylethene dimethosulphate (6) was prepared by dissolving 20 g. of (5) in 20— 
30 c.c. of methyl sulphate with gentle heating. At 140° a vigorous reaction took place, and after 
10—15 minutes at this temperature the mixture was set aside over-night. The practically 
solid mass was collected, washed with ether, and recrystallised from water, in which it was 
extremely soluble and from which it was deposited in orange-red crystals ; these, after being 
washed with ether and dried in a vacuum, became more orange in colour, owing possibly to loss 
of water. As shown by analysis, the substance was the dimethosulphate, the iodine having been 
replaced [Found: N, 4-9, 5-0; SO, (pptn. as BaSO,), 33-0, 32-4. C,,H,,0,N,S, requires 
N, 4:8; SO,, 32-9%]; yield 65—70%. The m. p. was indefinite; darkening began at ca. 230°. 

The dimethochloride (7), obtained as an orange precipitate by addition of saturated sodium 
chloride solution to a hot concentrated aqueous solution of the preceding compound and cooling,. 
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crystallised from water in small orange prisms, and was easily soluble in alcohol, more readily in 
water [Found: N, 6-7, 6-8; Cl (pptn. as AgCl), 15-9, 15-9. C,,H,.N,Cl, requires N, 6-5; 
Cl, 16-4%]. The corresponding dimethiodide, prepared in a similar way with potassium iodide, 
crystallised from water in dark red, needle-shaped prisms (Found: N, 4-6. C,,H,,N,I, requires 
N, 4:5%). 

s-(2-Quinolyl ethiodide)-(5-acridyl methiodide)ethene (8). A solution of 17-2 g. of quinaldine 
ethiodide, 10-3 g. of acridine-5-aldehyde, and 10 drops of piperidine in 60 c.c. of alcohol and 10 
c.c. of water was refluxed for 3 hours. The reddish-brown product was. collected hot, washed 
with alcohol and ether, and extracted twice (2 x 20 c.c.) with boiling absolute alcohol; yield 
50%; it was insoluble in the usual solvents. A suspension of this compound in 20 c.c. (large 
excess) of methyl sulphate was heated to 70°; a violent reaction occurred, and a red solution 
resulted. The temperature was kept at 100—110° for 10—15 minutes. After standing over- 
night, the orange-red methosulphate, which was extremely soluble in water, was collected, 
washed with ether, and dissolved in a little hot water. Addition of solid potassium iodide pro- 
duced a bulky, bright red precipitate of the desired compound; this crystallised from water, 
aqueous alcohol, or aqueous ethylene glycol monoethyl ether in red, hydrated, needle-shaped 
prisms, which lost solvent in the air and became darker. The substance was dried in a vacuum 
at 100° (Found: N, 4-7, 4:5. C,,H,,N,I, requires N, 4.4%). The methochloride, yellow needle- 
shaped prisms very soluble in water, and the methobromide, orange prisms easily soluble in 
water, were prepared in a similar way by using sodium chloride and potassium bromide. 


We thank the Governors of this College for a Research Assistantship awarded to one of us 
(W. L. G.), and Imperial Chemical Industries, Ltd., for a research grant. 
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324. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part XV. The Optical Rotation of 1-Malic and 1-Lactic 
Acids during Neutralisation with Sodium Hydroxide. 


By H. T. S. Britton and A. ALLINSON Moss. 


THIS work was undertaken as a preliminary to an investigation of complex formation 
involving malic and lactic acids. Britton and Jackson (J., 1934, 998) have demonstrated 
that the variations in optical rotation during the neutralisation of tartaric acid can be 
attributed to the changes in the concentrations of the undissociated acid and of the hydro- 
tartrate and tartrate ions, and the present work also shows that the optical rotations of 
both /-malic and /-lactic acid whilst undergoing neutralisation are the sums of the rotations 
of the undissociated acids and the various ions involved. That such is probably true of 
malic acid can be concluded from the calculations of Vellinger (Compt. rend., 1927, 184, 
94), which, however, were vitiated by the assumption of certain numerical values for the 
molar rotations of the optically active components. 


EXPERIMENTAL. 


The rotations were measured in a 4-dm. tube jacketed with running water at 25°, a sodium- 
vapour lamp being used as light source. Each measurement represents the mean of about 20 
readings, and the accuracy is + 0-01°. The molecular rotation, [M], is equal to a/Ic, c being 
the concentration of the optically active substance in g.-mols. /litre. 

I, 1-Malic Acid.—Determination of the molecular rotations of (a) undissociated 1\-malic acid 
and (b) the hydromalate ion at 25°. On the assumption that, in solutions of malic acid of con- 
centrations of 0-1M and above, the secondary ionisation becomes negligible, it follows that, if 
their optical rotations are additive 


[Mu,mlobs. = (1 — y)Ma,, unaiss.) + yi Maw] 
in which y is the degree of ionisation of HM —= H* + HM’. 
To test the validity of such a formula, it is necessary to ascertain the molar rotation of un- 
dissociated malic acid, [My undiss.], and this was done by suppressing the ionisation of malic acid 
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by preparing 0-1M-solutions so as to contain hydrochloric acid in concentrations of 0-5N 
or1-5N. In both cases the observed rotations were — 0-13°. If the rotation was caused entirely 
by undissociated malic acid, it follows that [My,y unaiss.) = — 0°325°. Table I records the 
observed rotations of /-malic acid solutions ranging from 0-1 to 0-5M; y was calculated from 
K, = 4:24 x 10“ (see Moss, Ph.D. Thesis, London, 1936). The values of [M yyy’) are sufficiently 
constant to justify the assumption. 


TABLE I, 
Malic acid, g.-mols. /1. a, obs. [My.m], obs. y: [Myw’], calc. 
0-1 —0-15° —0-375° 0-065 — 1-09° 
0-2 —0-29 —0-361 0-045 —1l1l 
0-25 —0-355 — 0-355 0-040 —1-08 
0-4 — 0-56 — 0-350 0-032 —11l 
0-5 — 0-685 — 0-347 0-029 —1-07 


Mean —1-09 


Optical rotations during the neutralisation of 0-1M-l-malic acid with sodium hydroxide at 
25°. In order to correlate the variation in optical activity in the course of neutralisation, it 
was considered advisable to use as dilute a solution as practicable, and consequently the con- 
centration of the solution with respect to malic acid was maintained at 0-1M throughout. Even 
so, the angles of rotation were very small, and this placed a strain on the experimental accuracy, 
especially when the observed data were compared with those obtained by calculation. 


TABLE II. 
NaOH, [M]p . NaOH, [Mm]. 
g.-mols./l. pg. ap, obs. Obs. Calc. g.-mols./l. pg. ap, obs. Obs. Calc. 
0 2:26 —0-15° —0-375° —0-379° 0-125 445 —0-48° —1-20° —1-20° 
0-025 2:94 —0-225 -—056 —0-54 0-150 4-83 —0-535 -—1:34 —1-34 
0-050 3-35 -—029 -—0-73 —0-72 0-175 528 —0659 —148 —1-48 
0-075 3-71 —0:36 -—090 —0-89 0-180 540 -—060 —1:50  —1-50 
0-100 410 —0415 -—104 —1-04 0-200 864 —064 -—160 —1-60 


Table II gives the p, values of the 0-1M-malic acid in the various stages of neutralisation, 
together with the observed angles of rotation and the observed molecular rotations derived 
directly therefrom. The values recorded in the last column were calculated from the molecular 
rotations of undissociated acid, of hydromalate ion (both given above), and of the malate ion 
by the method used by Britton and Jackson for tartaric acid; K, was taken as 4-24 x 10~ and 
K, as 1-70x 10-5, these values referring to malic acid at 0-1M-concentration. The molecular 
rotation of the malate ion was taken as equal to that of 0-1M-sodium malate given in the last 
row of Table II, i.e., [My] = — 1-60°. The agreement of the values in the last two columns 
is good. 

II. 1-Lactic Acid.—Purdie and Walker (J., 1895, 67, 616) have investigated the optical 
rotation of solutions of /-lactic acid and its salts. In concentrations greater than 0-2M, the 
acid is dextrorotatory, but the rotation diminishes with decreasing concentration, becoming 
zero at 0-1M, and then levorotatory. The dextrorotation of the more concentrated solutions 
is probably caused by lactide formation (see, e.g., Bancroft and Davis, J. Physical Chem., 1931, 
35, 2506), but the following work shows that, on reaching a dilution of 0-2M, any lactide becomes 
completely hydrolysed. Salts of /-lactic acid are, however, levorotatory in aqueous solution, 
and the optical rotation found by Purdie and Walker for 0-1M-sodium lactate agrees with the 
value now obtained. 

Optical rotations during the neutralisation of 0-2M-1-lactic acid with sodium hydroxide at 25°. 
Table III gives the observed optical rotations of 0-2M-lactic acid to which sodium hydroxide 
had been added in the concentrations recorded in col. 1. The pq values (determined with the 
hydrogen electrode) are also given, and from these the px values corresponding with the con- 
centration of 0-2M have been calculated (col. 5): 0-1M-solutions gave extremely small angles 
of rotation (see, however, col. 2). 

A somewhat different procedure was adopted to test thé additivity of the optical rotations. 
The molecular rotation of the lactate ion was calculated from observed rotation of 0-1M- 
sodium lactate, viz., ap = — 0-60°, whence [M1,] = — 1-50°. If the rotation at any point of the 
neutralisation is equal to the sum of the rotations due to the lactate ion and the undissociated 
acid, it should be possible to calculate the molecular rotation of the undissociated lactic acid, 
[Mut undiss.)- By assuming that Cyy (the total concentration of the lactic acid) = [HL, un- 
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diss.] + [L’], the concentration of any undissociated sodium lactate being considered negligibly 
small, then [M], obs. should be equal to 

(HL, undiss.](Myr, unaiss.]/Can + (L][@ry]/Can 
and since [H ][L’] = K[HL, undiss.], it follows that [M], obs. should be equal to 
(H )(Mur, unaiss)/((H"] + K) + K[My]/(H] + K) 


from which [Mgz, unaiss.) May be calculated. The last column of Table III gives the results 
obtained. 


TABLE III. 

NaOH, g.-mols. /1. a, obs. [M]25°, obs. Pu: pr- [Maut, unaiss.]?5°, calc. 
0-000 +0-05° +0-0625° 2-19 3-67 +0-11° 
0-025 —0-10 —0-125 2-85 3-66 +0-09 
0-050 — 0-25 —0-312 3-18 3-64 +0-09 
0-075 —0-40 —0-50 3-42 3-64 +0-10 
0-100 —0-58 — 0-725 3-66 3-66 +0-10 
0-125 —0-72 —0-90 3-90 3-68 +0-10 
0-150 — 0-86 — 1-075 4-14 3-66 +0-20 
0-175 — 1-00 — 1-25 4-48 3-64 +0-39 
0-200 —1-14 — 1-42 6-89 


It will be observed that, except the last two values in Table III, the calculated values seem 
to point to the additive character of the optical activities of the active components. The anomaly 
in the last two values may be caused by the incomplete ionisation of the sodium lactate which is 
then present in large concentrations compared with unneutralised acid. This would account for 
the difference between the rotations of 0-1M- and 0-2M-sodium lactate solutions. 


One of the authors (A. A. M.) thanks the Devon Education Authority for an Exhibition, 
and the Senate of this College for a grant from the Andrew Simons Research Fund. 
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325. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part XVI. (a) Isotherms at 18° of the Systems: Sodium 
Oxalate-Copper (or Zinc or Magnesium) Oxalate-Water. (b) The 
Solubility of Copper, Zinc, and Magnesium Oxalates in Solutions of 
Oxalic Acid and Sulphuric Acid. (c) A Potentiometric Investigation 
of the Complex Anion, Cu(C,O,),”’. 


By H. T. S. Britton and Maurice E. D. JARRETT. 


THE sparingly soluble oxalates of copper, zinc, and magnesium are appreciably soluble in 
solutions of alkali and ammonium oxalates, the solutions of copper oxalate being deep blue 
and, as shown by Abegg and Schafer (Z. anorg. Chem., 1905, 45, 293) by electrical migration 
experiments, the copper being in the anion. The salt Na,Cu(C,O,).,2H,O has long been 
known (Vogel, J. pr. Chem., 1835, 6, 342), and Riley (J., 1929, 1307), assuming the existence 
of the complex anion suggested by this salt, and using a copper electrode, made a single 
determination of its instability constant. The analogous sodium salts of zinc and 
magnesium oxalates have not been prepared, but the potassium and ammonium salts 
have been described. The present work shows that it is highly improbable that they can 
be prepared at 18°, and attempts to crystallise them from solutions have been unsuccessful. 

To establish the existence of the complex copper anion in sodium oxalate solutions, 
resort has been made to the Ag|Ag,C,O, electrode in order to measure the concentration 
of oxalate ions, from a knowledge of which it is possible to ascertain the amount of oxalate 
involved in the formation of the complex anion. A difficulty arose in the use of this 
electrode through the uncertainty of the exact solubility product of silver oxalate and the 
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fact that the values obtained by potential measurements depend on the manner in which the 
silver oxalate is precipitated. 

It is not yet possible to attribute the increased solubility of magnesium and zinc oxalates 
in sodium oxalate solutions to the formation of analogous complex anions. Kunshert 
(Z. anorg. Chem., 1904, 41, 337), however, states that in concentrated ammonium oxalate 
solutions Zn(C,0,),”"" ions are formed, whereas in dilute solutions Zn(C,O0,),” ions exist. 
We attempted to solve the problem in regard to sodium oxalate solutions by electrometric 
methods, but the data wefe inconclusive and are not recorded. 

Neither copper nor zinc oxalate shows increased solubility in oxalic acid solutions as 
might be expected if complex acids were formed. On the other hand, magnesium oxalate 
increases in solubility. This increase, however, has been traced to the magnitude of its 
solubility product and to the diminishing secondary ionisation of oxalic acid with its 
increasing concentration. An attempt to calculate the solubility products of the three 
oxalates from their solubilities in sulphuric acid proved abortive. 


EXPERIMENTAL. 


(a) Phase-rule Investigation —The precipitate of copper oxalate obtained by adding a small 
excess of ammonium or alkali oxalate to a solution of copper sulphate is fine and difficult to 
get free from adhering matter. It was prepared as a coarse powder by precipitating an 
ammoniacal solution of copper oxalate with dilute acetic acid, washing it thoroughly with water, 

ir and drying it either at 80° or by prolonged air- 

33 drying; the product was pure anhydrous copper 

| VA oxalate (cf. Rauter, Ber., 1892, 25, 2823). 

30 Suitable quantities of copper oxalate were 
Nazl,05 shaken with solutions of A.R. sodium oxalate in 
27 glass-stoppered bottles at 18° for not less than 
ay a ee one month, which was found necessary to ensure 
47| that equilibrium had been reached. The liquid 


. / Pat phases were deep blue, and sodium cupric 
ALS 














oxalate separated as a pale or dark blue volu- 
minous mass of fine needles, the variation in the 


NT 
Y a depth of colour being due to differences in the 
size of the crystals, since all products had the 


-.. same analytical composition. 
The liquid phases were separated from the 
Va \ S solid phases by suction into a pipette, the lower 
Nal end of which had been plugged with glass-wool. 
Nee Zz, Owing to the low solubilities of the solid phases, 
Reo Schreinemakers’s residue method was unsatis- 
factory ; hence these were filtered off by suction, 
pressed, dried between filter-papers, and air- 
6 : dried. Wherever possible, the analyses were 
yl performed volumetrically; for copper it was 
3 C — necessary to oxidise the oxalate completely 
et po nef before an excess of potassium iodide was added. 
Agr — Sodium was estimated as sulphate after the 
0 5 0 15 2 25 #30 3 copper had been removed as sulphide. The 
10° x Concn. of CuC,Q,, ZnC,Oy, MgC,O,. pase oo recorded in Table I and plotted in 

e re. 

In the figure the line AB refers to solutions containing sodium oxalate and cupric oxalate 
in equimolecular proportion. As this line does not intersect the section indicating liquid phases 
in equilibrium with sodium cuprioxalate, it follows that the complex salt is decomposed by 
water; in fact, it dissolves in water but such solutions rapidly deposit copper oxalate at 18°. 
Abegg and Schafer (Joc. cit.) made similar observations with the potassium salt. 

The analogous isotherms for zinc and magnesium oxalates were investigated in a similar 
manner at 18°. The data are recorded in Table Ii and plotted in the figure. Despite the fact 
that in both cases the oxalate of the heavy metal becomes more soluble in sodium oxalate 
solutions of increasing concentration, probably owing to the formation of complex salts, no such 
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TABLE I. 
Liquid phase. Dry solid phase. Liquid ae Dry solid phase. 
G.-mols./10001. — A 4 G.-mols. /1000 1. y A . 
igor A ~ Na, Cu, C,0,, Solid » A um | Na, Cu, C,0,, Solid 
Na,C,0,. CuC,OQ,. %. %. %. phase.* Na,C,O,. CuC,O,. %. %. %. phase.* 
0 0°15 0 41°61 57°80 1240 16°4 a 19°80 55°05 
10°1 4°90 0 41°54 57°70 162°3 12-4 14°29 19°96 54°75>B 
20-0 9°30 0 41°52 57°81, 167-0 11-9 -- 19°76 54°91 
40°0 1771 0 41°41 57°68 200°1 9°25 —- 18°20 60°50 B+C 
50°0 20°7 0 41°60 57°85 233°5 8°00 — 0-4 63°60 
60°0 24°7 0 41:20 57°40 237°0 700 34:38 0 65°40 
75°8 32°2 — 3501 5600 A+B 237-0 6°00 — 0 64°60 -C 
80-0 32°8 14:32 19°90 64°70 237°5 7°20 -- 0, 65°60 
82°3 26°8 — 19°85 54°74/B 240-0 0 — — -- 
91-9 23°0 14°38 19°91 54°60 


* A = CuC,O,; B = Na,C,0,,CuC,0,,2H,O ; Cc = Na,C,0,. 


complex salt constitutes the solid phase in equilibrium with liquid phases at 18°. Attempts to 
obtain mother-liquors from which double oxalates separate at 18° were unsuccessful. This was 
also true of the liquid phases which enter into equilibrium with the two pairs of solid phases, 
Na,C,0,-ZnC,0,,2H,O and Na,C,O,-MgC,0,,2H,O. The difficulty in the latter cases lies in 
the great ease with which solutions containing much sodium oxalate and either zinc or mag- 
nesium oxalate become supersaturated. The introduction of the appropriate solid phase into 
the liquid phases did not promote the attainment of equilibrium, even after the lapse of 3 
months with frequent and vigorous agitation. It is significant that neither sodium zinc oxalate 
nor the analogous magnesium salt has yet been prepared, and the present work, as far as it goes, 
would suggest that such salts, if they are capable of existence, are not formed at 18°. 




















TABLE II. 
G.-mols. /1000 1. G.-mols. /1000 1. G.-mols. /1000 1. 
a A ~ Solid - A =, Solid ps A me Solid 
Na,C,0,. ZnC,O,. phase. Na,C,O,. ZnC,O,. phase. Na,C,O,. ZnC,O,. phase. 
0 — ZnC,0,,2H,O 80 3°26 ZnC,0,,2H,O 240 0 Na,C,0, 
10 0°26 100 5°29 de 254 13°3 és 
20 0°55 ‘a 150 12-0 i 262 25°0 mn 
40 1°10 ~< 200 21-7 a 273 33°7 a. 
60 1°91 A 224 27°5 a 
245 32°5 »” 
G.-mols. /1000 1. G.-mols. /1000 1. G.-mols. /1000 1. 
- n . Solid on A a. Solid a A » Solid 
Na,C,0,. MgC,O,. phase. Na,C,O,. MgC,0O,. phase. Na,C,0,. MgC,Q,. phase. 
0 2°30 MgC,0,,2H,O 150 7 MgC,0,,2H,O 240 0 Na,C,O 
10 + lai a 10°3 2691 6-2 > iene 
20 2°61 we 238°4 12: y ” 296-0 11-7 me 
40 3°25 ss 288°1 16°4 a 308 14°9 * 
60 3°80 # 309°3 18°8 a 324°9 18°5 * 
80 4°39 ‘i 329°5 20°5 i 


100 5°29 ” 

(b) Solubility of Simple Oxalates in Oxalic and Sulphuric Acids at 18°.—Although the 
solubility of copper and zinc oxalates in oxalic acid solutions is too small to be determined by 
analytical methods, that of magnesium oxalate is appreciable and increases with increasing 
concentration of acid as shown in Table III, where the ~,’s of the solutions are also given. 


TABLE ITI. 
Solubility of MgC,O, in H,C,O, at 18°. 
H,C,0 lil ae 0-02 0-05 0-10 0-25 0°50 
(met, O. g-mols. [1000 1 De ile 9:97 15°5 21-7 32-2 51°3 
ae 2-11 1-72 1:50 1-23 1-04 
OAS wun See 2°57 2-24 1-48 1-02 0°76 
[Mg |[C,04"] X 10® seccsssccssssseeseeee 2°61 2°56 3°47 3-21 3-29 3°89 


Mean [Mg”}[(C,0,”] = 3°1 x 10-*. 
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If these simple oxalates were in any way comparable with chromium, aluminium, or tervalent 
iron as regards the formation of complex oxalates, it might have been expected that the simple 
oxalates would also dissolve in oxalic acid to give complex solutions. Instead, owing to their 
small solubility in water, both copper oxalate and zinc oxalate remain almost insoluble. The 
increased solubility of magnesium oxalate in oxalic acid is quite normal and is caused by the 
depressing effect on the concentration of oxalate ions of the relatively large concentration of 
hydrogen ions originating from the first stage of ionisation of oxalic acid, and this becomes more 
pronounced as the concentration of oxalic acid is increased. The magnesium oxalate dissolves 
in the form of the hydrogen oxalate, Mg(HC,O,),, and if it be assumed that this salt is completely 
ionised, the magnesium-ion concentrations are known. Also, knowing the pg value of the 
solutions and by taking 1 x 10-* and 1-3 x 10 as K, and K, respectively for oxalic acid, the 
oxalate-ion concentrations can be computed from the expression 

[(C,0,”] = K,K, [concn. of oxalic acid] /({H"]* + K,[H"] + K,K,). 
In this way, the values of the solubility product of magnesium oxalate were calculated, and in 
view of the approximations involved, especially in regard to the ionisation of oxalic acid in the 
fairly concentrated solutions employed, the agreement will be seen to be sufficient. 

Table IV gives the solubilities of the three oxalates in sulphuric acid at 18°. 


TABLE IV. 7 
H,SO,, g.-mols. /l. ......... 0°05 0-125 0°25 0°50 1-00 1-50 1-875 
[MgC,0O,] x 10% ............ 43°7 87°7 149-8 263°3 440°7 — — 
[Eel 36 BOP ccccccccecee 4°45 7°37 13°95 21-78 39°01 55°5 66°95 
[CuC,O,] X 10® ........0.. 0°89 0-83 1-80 3°36 6°58 9°69 12-4 


(c) Electrometric Investigation of Sodium Oxalate Solutions of Copper Oxalate.—Hitherto 
the complex anion Cu(C,O,),” has been tacitly assumed to exist in these solutions, but no 
experimental proof has been advanced. The first section of the work consists of a critical 
study of the behaviour of the Ag|Ag,C,O, electrode, and particularly of the solubility product 
of silver oxalate, for which, using conductivity methods, Béttger (Z. physikal. Chem., 1902, 
46, 602) found 0-696 x 10, and Kohlrausch (ibid., 1908, 64, 194) 0-562 x 10-4. Potential 
measurements yielded 1-03 x 10° (Abegg and Schafer, Joc. cit.) and 0-744 x 10°! (Thomas 
and Fraser, J., 1923, 128, 2975). Determinations with the silver electrode may, however, lead 
to widely different values depending very largely upon the conditions under which the silver 
oxalate is precipitated. By carefully reproducing the conditions it is possible to get consistent 
results: the best results were obtained by precipitating the silver oxalate by adding 25 c.c. 
of 0:05M-sodium oxalate dropwise with constant stirring to 25 c.c. of 0-1M-silver nitrate and 
adding this to the solution it was desired to investigate. By using the cell, 

AglAg,C,0, + Na,C,0,|satd. KNO,|N-Calomel, 
at 18°, and taking different concentrations of sodium oxalate, E.M.F.’s were almost immediately 
set up which did not vary by more than a millivolt during 7—10 days. The electrode, which 
was a thin rod of pure silver, gave a normal potential of + 0-802 volt when tested in 0-1M- 
and 0-01M-silver nitrate solutions, the silver-ion concentrations of which were computed from 
the conductivity measurements of Noyes and Falk (J. Amer. Chem. Soc., 1912, 34, 454). The 
following table gives some typical determinations of [Ag*]*[C,0,”]. 


Na,C,0,, millimols. /l. .....0eeseeeeeeee 0 2-381 6-519 10-000 
Be TE siltanievecincintemnnns, Ge 0°570 0°557 0-552 
ig Sg RS 1 RET 4-02 4°25 4°33 
[Ag }*[CO4] X 102 v..ceecceececeeerreee 2°04 2°16 2-10 2°17 


The values of the solubility product have not been corrected for the degree of ionisation of the 
sodium oxalate. When the silver oxalate is obtained by precipitation from more dilute 
solutions, much higher values are obtained; e¢.g., if 25 c.c. of 0-:005M-sodium oxalate are added 
to 25 c.c. of 0-01M-silver nitrate the values are about 50% higher than those given above, and 
incidentally, they ‘vary with the length of time elapsing before the measurement is made. The 
ultimate attainment of equilibrium requires more than 14 days at 18°. These higher values 
appear, therefore, to be caused by supersaturation of the silver oxalate solution, probably 
owing to the fineness of the precipitate. 

The precipitate obtained by the first method reaches equilibrium sufficiently quickly for 
titrimetric purposes. Thus calculations of the solubility product from the E.M.F.’s set up 
during the progressive addition of 0-05M-sodium’ oxalate to a mixture of 25 c.c. of 0-05M- 
sodium oxalate and 25 c.c. of 0-1M-silver nitrate yielded an average value of 1-91 x 10", the 
extreme values being 1-73 x 107 and 2-02 x 10™. 














Complex Formation involving Weak Acids. Part XVI. 1493 


The nature of the complex was investigated electrometrically by measuring the concentrations 
of hydrogen, copper, and oxalate ions existing in solutions of copper oxalate in sodium oxalate 
when the concentration of sodium oxalate was increased. The pg values of the solutions were 
measured by means of the glass electrode, and the copper-ion concentrations were found by 
measuring the P.D.’s set up between a copper electrode immersed in the complex solution and a 
normal calomel electrode, the junction liquid being a saturated solution of potassium chloride. 
The electrode consisted of a small copper plate which had been covered with an electrodeposit of 
copper from a copper sulphate solution. When tested in copper sulphate solutions, Noyes and 
Falk’s conductivity data being used, its normal electrode potential was found to be 0-341 volt. 
From the glass- and the copper-electrode potentials the values of the product [Cu][OH’}? were 
calculated (see Table V). They progressively diminish as the concentration of sodium oxalate 
increases. They are also a little smaller than the solubility product of copper hydroxide, 
which is of the order of 10-*°, showing that, despite the pg of the solutions being appreciably 
higher than the normal precipitation pg of copper hydroxide, the copper-ion concentration is 
correspondingly reduced. The oxalate-ion concentrations of a similar series of solutions were 
ascertained by suspending in them silver oxalate, precipitated as stated above, and finding the 
potentials which they set up at a silver electrode (V-H = 0). For the purpose of calculation, 
the value 2-0 x 10-4 was taken as the solubility product of silver oxalate. The oxalate-ion 
concentrations so found are given in Table V. 





TABLE V. 
Na,C,0,. 
Excess concn., [C,0,"] Koueo,oy” X 10°. 
g.-mols. /1. Eng Eou [(Cu"][OH’7}? x 102, a 
C.c. x: 103. fu. (N-H=0). (N-H=0). —log [Cu]. x 10”. obs. (a). (0). 

0 1-00 6°53 0°555 0°155 6°41 2°34 0°73 2°07 3°89 
10 1°36 6°57 0°548 0°152 6°53 2°14 1:27 5°21 5°94 
20 1°67 6°60 0°546 0°146 6°72 1-69 1-49 5°07 6°38 
30 1°92 6°64 0°544 0°142 6°87 1°35 1°75 5°37 6°46 
40 2°14 6°66 0°543 0-138 7°00 110 1°89 5°01 6°35 


The solutions used for the determination of py and copper-ion concentrations were prepared 
by adding 50 c.c. of water and the volume of 0-05M-sodium oxalate indicated in col. 1 to 
50 c.c. of a solution 0-04M with respect to sodium oxalate and 0-02M with respect to the 
dissolved copper oxalate. For solutions employed for oxalate-ion concentration measurements, 
the 50 c.c. of water were replaced by 50 c.c. of a suspension of silver oxalate prepared by mixing 
25 c.c. each of 0-1M-silver nitrate and 0-05M-sodium oxalate (see above). The data given in 
Table V refer to individual solutions that had reached a state of equilibrium with the various 
electrodes. 

The concentrations of sodium oxalate (col. 2) are calculated on the assumption that all the 
copper oxalate had been converted into the complex anion, Cu(C,O,),”. The observed oxalate- 
ion concentrations range from 73 to 90% of the sodium oxalate thus assumed to be present. This 
is approximately the order of the degree of ionisation, or the mean activity coefficients, of 
sodium oxalate at the dilutions employed. These determinations thus furnish satisfactory - 
evidence of the existence of the anion. 

The instability constant, Kouo,oy,-, of the reaction Cu(C,0,)’” —> Cu” + 2C,0,” has 
therefore been evaluated from the observed [Cu ]} and [C,O,’] values, that of [Cu(C,O,),.”"] 
being taken as equal to the concentration of dissolved copper oxalate. These are recorded 
under (a) in col. 9. In computing the values given under (b) in col. 10, the oxalate-ion 
concentrations were assumed to be equal to the concentration of free sodium oxalate. The 
first value in (b) is almost identical with that obtained by Riley (/oc. cit.) in a single determination 
by the same method. Except for this result, the values of Koyo,o, are sensibly constant. 
Comparable results were obtained by carrying out potentiometric titrations in which sodium 
oxalate was added to the different electrode systems of solutions of sodium oxalate to which 
suitable quantities of copper sulphate had been added. 


One of the authors (M. E. D. J.) thanks the Senate of the University of London for a Neil 
Arnott and a Postgraduate Studentship. 
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326. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part XVII. The System Sodium Oxalate-Thorium Oxalate 
Water at 25°. 


By H. T. S. Britton and Maurice E. D. JARRETT. 


THE fact that thorium oxalate is soluble in solutions of ammonium oxalate was first ob- 
served by Bahr (Amnalen, 1864, 132, 231) and later used by Bunsen (Pogg. Ann., 1875, 
155, 375) to separate thorium from the rare earths. Brauner (J., 1898, 78, 951) attributed 
this increased solubility to the formation in solution of a definite ammonium thoroxalate, 
and isolated in crystalline form (NH,),Th(C,0,),,4 and 7H,O. Cleve (Bull. Soc. chim., 
1874, 21, 116) and Rosenheim, Samter, and Davidsohn (Z. anorg. Chem., 1903, 35, 424) 
isolated K,Th(C,O,),,4H,O and Na,Th(C,O,),,6H,O respectively. 

We have carried out a phase-rule study of the system named in the title, and find that 
the sodium salt is only stable in the presence of excess of oxalate. 


EXPERIMENTAL. 


Thorium oxalate, obtained by precipitating thorium chloride solutions with oxalic acid, 
was washed and air-dried [Found: ThO,, 51-20. Calc. for Th(C,O,),,6H,O: ThO,, 51-16%]. 
The sodium oxalate was of A.R. quality. Suitable mixtures of solutions of each oxalate 
were allowed to come to equilibrium (about 3 weeks) in a thermostat at 25° + 0-1°. The 

oxalate contents of the liquid phases were de- 

35 termined by means of potassium permanganate, 

0 . and the thorium as oxalate, precipitation being 

30 Nagh2 4 \ effected with oxalic acid from solutions 1—2N 

lo with respect to hydrochloric acid. To ascertain 

S the composition of the solid phases, it was more 

2 ‘> convenient to filter them off by suction, remove 

_ #7 adhering liquid as far as possible by pressure 

20 “ys between filter-papers, and dry the solid in the air. 

<7 The results obtained are given in the table and 

plotted in the figure, on which are indicated the 

solid phases with which the various liquid phases 
enter into equilibrium. 

Brauner found that the ammonium complex 
salt is decomposed by water. The broken line 
in the figure represents aqueous solutions con- 
taining sodium oxalate and thorium oxalate in 
the molecular ratio 2:1, i.e., the proportion in 

% %j ; %. 60 Which the two oxalates occur in the complex salt 

x 102 corresponding with the central section of the 

[7hl,04)2] » 10°. isotherm. As the broken line does not intersect 
this section, it follows that Na,Th(C,O,),,6H,O is also decomposed by water. 

As shown by Britton (J., 1925, 127, 2110), thorium hydroxide is normally precipitated at 
Py 3°56. The pg of the complex alkali oxalate solutions is in the vicinity of 7, showing that, 
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Liquid phase, Solid phase, Liquid phase, Solid phase, 

g.-mols. /l. %. Com- g.-mols. /1. %. Com- 
Na,C,0,. Th(C,0,),. Na. C,O,. Th. pound.* Na,C,0,. Th(C,0,),. Na. C,O,. Th. pound.* 
0°01002 0°000901. 0 34:20 44°74 ) 01945 0°04420 11°70 45°39 29°31 
0°02005 0°002762 34°18 44°65 0°2281 0°03920 11°78 44°96 29°45 |, 
0°03844 0°009055 34°05 44°52 0°2879 0°03852 11°68 44°64 29°40 
0°04839 0°01338 34°18 44°54 | a 03257 0°045643 — 57:16 10°43 
0°05520 0°01550 — 0°3184 0°03900 6155 378 B+C 





| coscooce 


0°07554 0°02398 34°20 44°63 03110 0°03490 34:35 65°10 0°20 
0°09158 0°03051 34°05 45°17 03022 0°03036 — 65°50 0 
071408 0°04634 34°16 44°51 J 02793 O0°01166 34°40 65°55 0 Cc 
071679 0°05128 42°68 32°26 A+B 0°2672 0°00361 — 6541 0O 
02676 0 — 65°70 0 


* A = Th(C,0,),,6H,O. B => Na,Th(C,0,),,6H,O. Cc => Na,C,0,. 
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as the concentration of hydroxy] ions is increased nearly 10,000 fold, that of thorium ions must 
be appreciably reduced, probably by the formation of a complex anion, Th(C,O,),’"’. The pro- 
duction of a higher pg by the addition of alkali, or even ammonia, causes thorium hydroxide to 
be precipitated. 

The second dissociation constant of oxalic acid is approximately 10-*, from which it follows 
that, in order to form a soluble oxalate, a base must be capable of setting up a pg of not less than 
6. Clearly, this is impossible with so weak a base as thorium hydroxide. The fact that a well- 
defined thorium oxalate is formed must be attributed to its sparing solubility. As thoria is not 
precipitated until p, 3-5 is reached, it appears that it should be capable of reacting with the first 
stage of oxalic acid, to give Th(HC,O,),, in a normal manner. (The fact that oxalic acid pre- 
cipitates thorium oxalate prevents, however, such a reaction from taking place to any extent.) 
This would leave four hydrogen atoms, corresponding with the second stage of ionisation, free 
to react with stronger bases, such as the alkalis and ammonia, and so form salts of the type 
Na,Th(C,O,),. Similar explanations may be advanced to account for salts with weak bivalent 
and tervalent bases, e.g., Na,Cu(C,O,), (preceding paper) and K,Cr(C,O,), (Britton, J., 1926, 
284). In solution these salts will primarily ionise to form the strongly electropositive ions, 
Na’, K", and NH,’, and the respective complex anions. The subsequent ionisation of the latter 
ions will be able to take place only if in the process the influence of the negative charges localised 
at one end of the ions can be overcome, and this is scarcely likely to occur when less electro- 
positive metals are bound to the oxalate ions. 


One of the authors (M. E. D. J.) thanks the Senate of the University of London for a Neil 
Arnott and a University Postgraduate Research Studentship. 
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327. Studies on Hydrogen Cyanide. Part IX. The Conductivity of 
Electrolytes in Anhydrous Hydrogen Cyanide : Some Ammonium and 
Tetra-alkylammonium Salts at 18°. 


By J. E. Coates and E. G. TAyLor. 


THE study of conductivity in hydrogen cyanide reported in Part VIII (this vol., p. 1245) 
has been extended to the ammonium and tetra-alkylammonium salts, which have been 
investigated in many solvents. The latter salts are extremely soluble in hydrogen cyanide. 
These large organic cations appear to be relatively unsolvated in other solvents, and their 
tendency to associate with anions is determined mainly by the dielectric constant of the 
solvent and not by specific chemical affinities. In solvents of moderately high dielectric 
constant the tetra-alkylammonium salts are almost completely dissociated. It may be 
expected that in hydrogen cyanide, with its very high dielectric constant, these salts will 
be completely dissociated and their behaviour in dilute solution will be in agreement with 
the physical theory. 
EXPERIMENTAL. 


Conductivity Measurements.—The bridge assembly, conductivity cells, purification of the 
solvent, and method of carrying out the conductivity measurements were as described in 
Part VIII (loc. cit.). 

Purification of Salts—Ammonium salts. The chloride, bromide, iodide, nitrate, and per- 
chlorate were recrystallised several times from conductivity water. The iodide was then 
washed with acetone to remove a slight yellow tinge remaining. Another specimen of ammonium 
bromide was sublimed in an atmosphere of pure dry nitrogen. Ammonium thiocyanate was 
recrystallised from ethyl alcohol. All the ammonium salts were dried by standing for at least a 
week in a vacuum over phosphoric oxide and solid caustic potash. Another specimen of the 
perchlorate was dried in an air-oven at 110°. 

Tetramethylammonium salts. The chloride was dried in a vacuum over phosphoric oxide and 
then recrystallised from acetone. The bromide and iodide were recrystallised from methyl 
alcohol and water respectively. The three halides were dried at 80° in a vacuum over phosphoric 














1496 Coates and Taylor : 


oxide.- Tetramethylammonium nitrate, prepared by the interaction of equivalent quantities of 
the purified iodide with recrystallised silver nitrate, was recrystallised from ethyl alcohol and 
dried at 110° in an air-oven; it was extremely soluble in hydrogen cyanide and deliquesced 
immediately in its vapour. Tetramethylammonium perchlorate and picrate were prepared 
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from an aqueous solution of the hydroxide, obtained by 3hours’ interaction at 40—50° (occasional 
shaking) of the purified iodide with freshly prepared silver oxide. For the perchlorate, the 
filtrate was neutralised with a solution of perchloric acid, the base being a little in excess; the 
salt was recrystallised from water and dried in an air-oven at 110°. The picrate, obtained by 
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neutralising the hydroxide solution with recrystallised picric acid, was recrystallised from 
water and again from methyl alcohol; one specimen was dried in air at 110°, and another in a 
vacuum over phosphoric oxide at 80°; m. p. 319—320° (decomp.) to a dark brown liquid. 
Walden (Z. physikal. Chem., 1929, 144, A, 269) gives m. p. 313°. This salt was extremely 
soluble in hydrogen cyanide. 
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Tetraethylammonium salts. 
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Tetraethylammonium iodide was purified by several recrystallis- 
An aqueous solution of tetra- 


ations from methyl] alcohol—acetone and also from ethyl alcohol. 
ethylammonium hydroxide was prepared from the purified iodide as in the case of the tetra- 
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methylammonium compound. A portion of the hydroxide solution was neutralised with 
hydrochloric acid, the solution evaporated to dryness, and the chloride dried in an air-oven. 


The salt was then recrystallised from acetone. 


Ammonium chloride. 
A, = 383°3 — 245V'C. 


«x07. VC. A. D. 
0°03457 372-4 
1:36 0°04241 369°5 
0°04957 366-8 


0009072 380°8 
001366 380:1 
2°64 0°01712 379-2 
0°02071 378°5 
0°02422 377-7 


0°01546 379°3 
2°64 0°02265 377-2 
003324 374-0 


0°01282 379-9 
1°54 0°02087 377°9 
002487 376°9 
0°02903 375°8 


++4+4+1 | 
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Ammonium bromide. 

A, = 384:7 — 250VC. 
0°01321 381°5 +01 
0°01822 38073 +02 

2°95 002401 3789 —03 
0°02718 3781 +02 
003111 3773 +0°5 


0°02410 3784 +02 
3°37 0°03773 373°9 —1°3 
0°04558 371:°2 —2-0 


001645 380° +0°0 
0°02701 3779 +00 
0:03557 3749 —0°9 
0°04132 3735 —0°8 


2°42 


Ammonium nitrate. 
A, = 3743 — 245VC. 


«x10. VC. A,. 
0°02013 369°7 
0°02987 366°1 

3°36 0°03580 364-4 
0°04044 362°6 
0°04554 361°3 


0°01427 370°3 
4°75 0°02055 369°6 
002739 367°9 


003706 364:1 
3°43 0°04458 361°4 
0°05464 357°8 


001081 371°4 
1-71 0°01699 370°0 
0°02198  368°6 
002698 367°6 
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Ammonium iodide. 

A, = 386°5 — 250VC. 
0°01905 381°5 —02 
0°02872 379°0 —0°3 

3°43 0°03452 3778 +0°0 
004026 3762 —O0O-! 
0°04757 3742 —O0O4 


0°01652 382°3 —02 
0°02573 380°2 +02 
415 0°03234 3790 +06 
0°03825 3770 +01 
004308 3758 +0°1 


The bromide was recrystallised from ethyl 


Ammonium perchlorate. 
A, = 375°8 — 275VC. 


x1lo?. VC. 
0°02619 

2°11 0°03773 
0°04793 


0:01169 
0°01882 
0°02710 
0°03440 


0°01503 
0°02115 
3°95 0°02578 
0-03065 
0°03473 


0°01042 
001544 
0°01995 
0°02551 


5°07 


1-74 


Ammonium 
A, = 379°5 


ox  0°03664 
125 9.04856 


4°38 0°01135 


0°01955 
0°02961 
1:97 0°03510 
0°03908 
0°04496 


0°01446 
0°02240 
0°02937 
0°03515 
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368°7 
365°3 
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372°8 
370°7 
368°6 
366°7 


371°5 
369°8 
368°7 
367°3 
366°2 


372°3 
371-2 
370°4 
369°4 
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thiocyanate. 
— 300VC. 


368°1 
363°9 


376°3 


373°1 
370°6 
369°1 
367°6 
366-0 


375-0 
372°5 
370°7 
369-2 
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Tetramethylammonium chloride. Tetramethylammonium nitrate. Tetramethylammonium perchlorate. 
A, = 382°3 — 205VC. A, = 375-0 — 255V'C. A, = 375°3 — 200VC. 


«x10% VC. Ag. D. «x10". VC. 7, D. «X10. VE. A,. 
001874 3782 —03 001432 3716 +03 001405 372°1 
002819 3764 —01 002315 3692 +01 0:02087 370-9 
0°03348 3754 +00 1:37 0°02914 3676 +00 1°78 0-02800 369-6 
004000 3746 +0°5 0°03369 3665 +0°1 0°03270 368-7 
003860 364:9 +0°4 0°03742 367°9 
001362 3796 +01 


0°02247 37777 +0°0 001437 370°8 —0°5 0°01876 371°7 
0°02908 3761 —0°2 002196 369°2 —02 0°02726 369°9 
0°03473 375°2 ++0°0 . 0°02890 3675 —02 ‘ 0°03321 368°6 
0:03950 3741 —0O1 003316 3664 —0-2 0°03781 367°8 

003853 3656 —0°2 0°04390 366°6 
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Tetvamethylammonium bromide. Tetramethylammonium iodide. Tetramethylammonium picrate. 
A, = 382°4 — 193VC. A, = 387°6 — 260VC. A, = 309°9 — 205V/C. 

001091 3803 +00 001047 3848 —O1 001501 307°0 +0°2 
9-92  0°01938 3784 —02 0°01810 382°9 +00 94.96 0°02104 3056 +00 
“ 0°02777 376-7 —O3 5.49  0°02678 381°0 +04 0°02784 3043 +0°0 
0°03437 37583 +0°0 0°03313 378°7 —03 003464 302°8 +00 
001453 380°0 +0°4 oaaaet phe ee 0009436 307°9 —0°1 
0°02479 3776 +0°0 001395 307:1 +0°0 
0°03203 3761 —0Ol 001165 3846 +00 y 0°02042 3056 —O0l 
0°03770 3753 +02 0°02125 381°9 —0O2 0°02512 304°7 +00 
002819 380°2 +0°0 0°02841 3040 +9°0 
0°03468 3784 —02 003130 30355 +0°0 

0°04017 3770 -—O1 

004300 3759 —05 


0°01486 383°8 +0°0 
1°67 0°02255 381°9 -+0°2 
002829 380°7 +0°5 
0°03460 379°0 +04 
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Tetraethylammonium chloride. Tetraethylammonium iodide. Tetvaethylammonium nitrate. 
A, = 356°9 — 185V'C. A, = 357-0 — 240VC. A, = 346-0 — 193VC. 


001654 342°6 
0°02218 341°3 
2°64 0°03183 339-7 
0°03701 338°9 
0°04533 337-2 


0°01547 343-3 
0°02088 342-2 
002628 341:1 
0°03118 340°3 
0°03596 339°4 


0009636 344:1 
1:91 0°01734 342:4 
0°02477 341-7 
003268 340:2 


0°01483 3542 +0°0 0°01892 352-4 
0°02095 35371 +0°1 . 0°03511 348-2 
3°29 0°02828 3513 +0°1 0°04560 346-1 
0°03281 351°3 +0°5 0-05069 344-9 
0-:03696 35071 4+0°0 
001550 3540 +00 by ree a 
' ; 001646 352°8 
0°02440 3521 —03 . . 
‘ x . 0°02045 352:1 
0°03538 350°2 —0°l 
004062 3493 +0°0 002444 351-1 
‘e4 0°03364  348°8 
Tetraethylammonium bromide. 0°04278 346°5 
A, = 354°6 — 205VT. 0°04892  345°6 
001109 351°9 —0°4 0°01335 353°7 
49 0°01926 350°4 —02 . 0°02035 352-2 
0°02790 3493 +0°4 0°03194 349°4 Tetraethylammonium perchlorate. 
0°01279 351°8 —0Ol : pan aly a j A, = 350°2 — 270V'C. 
0°02359 3493 —0O4 0°0155 53°4 4 Ol . anil 
2 A ie ee ieee 0-01505 3457 —0-4 
0°04703 345°0 +0°2 0°01860 352-7 2:10 002973 341°9 —~Ol 
0°03465 3406 —01 


001416 3520 +03 " " 
002686 349°7 +0°6 004009 3393 +00 


0°04041 3463 +01 001239 3469 40-0 
1:74 001782 3455 +01 
0°02467 3440 +0°5 
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alcohol. All three halides were dried at 80° in a vacuum over phosphoric oxide. The nitrate 
was prepared by the interaction of equivalent quantities of the purified iodide and silver nitrate, 
as well as from the hydroxide solution by neutralisation with nitric acid. This salt was re- 
crystallised from acetone containing just enough water to dissolve it at the b. p. Another sample 
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was precipitated from acetone solution with benzene. It was dried in an air-oven at 110°. As 
in the case of the tetramethylammonium salt, this compound dissolved with extreme ease and 
immediately deliquesced in the vapour of hydrogen cyanide. Tetraethylammonium perchlorate 
was obtained from the hydroxide solution by neutralising with a solution of perchloric acid, the 
base being added in slight excess; the salt was recrystallised from water and precipitated from 
acetone solution with benzene. It was dried at 110° in air and also in a vacuum at 80° over 
phosphoric oxide. 

Analysis of the Salts——The halides were analysed gravimetrically or volumetrically for 
halogen content, which was always within 0-1% of the theoretical value. 

Results.—The preceding tables give the equivalent conductivities (A,) and the square root of 
the concentrations (*/C) expressed as g.-equivs. per 1000 cm.* of solution in a vacuum at 18°. 
The value of the conductivity of the pure solvent (x) for each run is given; this was subtracted 
from the observed conductivity to obtain that of the electrolyte. The equations relating A, and 
VC for each salt have been obtained from the best straight line drawn through the experimental 
points (see Figs. 1, 2, 3). Deviations (D) of the actual values from these straight lines are given 
in the last column. 


DISCUSSION. 


Ag Values.—The Ay values given in Table I have been obtained by extrapolation of the 
A/C plots to zero concentration. The values for the potassium salts (Part VIII, loc. cit.) 
have been included, and it is seen that the law of the independent mobility of ions is obeyed 
in the case of the ammonium salts but the agreement is only fair for some of the tetra- 
alkylammonium salts. 


TABLE I. 
Cl. Br. y NO. ClO,. CNS. Picr. 
See ret 363-2 363-9 353-9 355°3 358-0 — 
MII. \caickccnihtchiniasiabilbbgsbiee tian 19°9 21°56 22°6 20-4 20°5 19°5 
| ENS 384°7 386°5 3743 375°8 379°5 —_ 
a RRNTERECae 10 2-3 —11 —0-7 0°5 
\ Ss 382°4 387°6 375-0 375°3 _ 309°9 
WEE fabicecd sl dcdckeedvec 27-8 30°6 29-0 25-1 27°6 
WN gcidscsrcsisssecasideesen “SEP 354°6 357°0 346-0 350°2 — 282-3 


Walden’s Rule and Ionic Mobilities.—In Part VIII (loc. cit.) it was shown that for tetra- 
ethylammonium picrate in hydrogen cyanide the product Agy had almost the same value 
as in a great variety of solvents at different temperatures. For the tetramethylammonium 
salt in hydrogen cyanide, Agn = 0-616. A mean value of 0-586 has been obtained for this 
salt in a large number of solvents, excluding water and methy] alcohol, in which the values 
are 0-686 and 0-626 (at 25°) respectively. These high values of Agy found in associated 
solvents of high dielectric constant have been ascribed to a depolymerising effect of the 
more intense electric field of the relatively small (compared with the tetraethylammonium 
ions) unsolvated tetramethylammonium ion on the neighbouring associated solvent 
molecules. The viscosity which determines the mobility is thus presumed to be smaller 
than the measured viscosity of the associated liquid. As hydrogen cyanide is such a 
liquid, this explanation of the high values of Ayn may be offered. 

The following values of the kation mobilities have been calculated, it being assumed 
(Part VIII, Joc. cit.) that the mobility of the picrate ion is 134-5 (values in water at 18° 
are given in parentheses for comparison) : NH,, 174 (64); NMe,, 175 (40); NEt,, 145 (28). 

In the majority of solvents the mobility of the ammonium ion is much smaller than that 
of the tetramethylammonium ion. The solvation of the former is presumably large enough 
to build up an ion having a greater effective radius than that of the tetramethylammonium 
ion. The mobilities of these two ions in hydrogen cyanide are almost identical, and this 
may be taken as further evidence that the solvating power of this solvent is relatively small. 

The Debye—Hiickel-Onsager Equation.—Excepting the chloride, bromide, and nitrate of 
ammonium, the salts investigated obey the Kohlrausch equation A, = Ag — «VC over the 
whole concentration range studied. According to the Debye—Hiickel—Onsager theory, for 


salts in hydrogen cyanide, x = 0-127A, + 222, and A, = Ag — (0-127A, + 222)V/C. 
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The percentage deviation from the theoretical slope [Ax = 100(x expt. — *tneor.) /*tneor.] 
for each salt is given in Table II. There is good agreement between theory and experiment 


TABLE II. 
NH, NMe. NEt,. NH, NMe,. NEt,. 
CRORES. scicicinniss i —24 —3l1 Perchlorate..........+- + 2 — 26 + 2 
DOMES ccesciscsevcess = @ —29 —23 Thiocyanate ......... +11 — _ 
ee — 4 —10 PUTERR.  cctdccrssmmce® « = —21 —17 
PEE esis = | — 6 —27 


in the case of the ammonium salts, although negative deviations appear predominantly. 
The positive deviations in the more concentrated regions of the curves for the chloride, 
bromide, and nitrate may be attributed to ionic association, as was found for the chloride, 
thiocyanate, and nitrate of lithium. It is perhaps remarkable that the thiocyanate does 
not show a similar behaviour to that of the lithium salt, the latter being relatively highly 
associated compared with the other salts (Part VIII, Joc. cit.). 

Most of the tetramethyl- and tetraethyl-ammonium salts exhibit large negative devia- 
tions from theory, their magnitude being generally within the range 20—30. There are, 
however, striking exceptions in which the deviation is small. These cannot be ascribed to 
experimental error, for in every case the data obtained in wholly independent experiments 
were quite concordant. Negative deviations from the theoretical slopes, of the same 
magnitude, have been encountered in other solvents : for lithium perchlorate and picrate in 
water at 18°, Ax = — 12 and — 32 respectively; for tetrapropylammonium picrate in 
water at 0°, Ax = — 23; for the last salt in acetonitrile at 25°, = — 16 (see Ann. 
Reports, 1930; Ekwall, Z. physikal. Chem., 1933, 168, A, 442; Walden and Birr, idid., 
1929, 144, A, 269). For several rubidium and cesium salts in hydrogen cyanide, similar 
large negative deviations have been detected. In nearly all such instances at least one of 
the ions of the salt is relatively large and unsolvated. 


SUMMARY. 


(1) The investigation of the conductivity of electrolytes in hydrogen cyanide has been 
extended to some ammonium and tetra-alkylammonium salts at 18° in the concentration 
range 0-0001—0-002N. 

(2) Large negative deviations from the Debye—Hiickel-Onsager equation have been 
found in the case of the tetra-alkylammonium salts, but the ammonium salts show good 
agreement with the theory. 


Part of the work described in this paper was carried out during the tenure by one of us 
(E. G. T.) of a Research Studentship of the University of Wales, and part with the aid of a grant 
from the Department of Scientific and Industrial Research. Much of the cost of the work was 
met by grants from the Chemical Society and Imperial Chemical Industries Ltd., to whom our 
thanks are due. 
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328. Nitrous Acid as a Nitrating and Oxidising Agent. Part III. The 
Nitration of 4-Dimethylaminoaceto-l-naphthalide, of 4-Chlorodi- 
methyl-1-naphthylamine, and of Dimethyl-B-naphthylamine. 

‘By HERBERT H. HopcGson and J. HAROLD CROOK. 


THE work on the reaction of nitrous acid with aromatic dimethylamines (Hodgson and 
Kershaw, J., 1930, 277; Hodgson and Crook, J., 1932, 1812) has been extended to analogous. 
naphthalene derivatives in order to determine what influence, if any, the second benzenoid 
ring has on the course of the reaction. 

The reaction of nitrous acid with 4-dimethylaminoaceto-l-naphthalide is different from 
that with 4-dimethylaminoacetanilide, for, instead of formation of the expected 3-nitro- 
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derivative, oxidation took place with the formation of «-naphthaquinone. When the last 
precipitation of this quinone had been removed, the mother-liquor, after being made 
alkaline with sodium carbonate, afforded complex coloured products which could not be 
purified: traces of nitroso- and diazo-compounds also were detected. Nitric acid, at 
equivalent dilution and entirely free from nitrous acid, did not react with 4-dimethylamino- 
aceto-l-naphthalide. . 

4-Chlorodimethyl-l-naphthylamine, however, behaved as anticipated, and 4-chloro-2- 
nitrodimethyl-\-naphthylamine was practically the only product formed, being obtained 
in excellent yield and purity; its constitution was established by synthesis from dimethyl- 
amine and 1 : 4-dichloro-2-nitronaphthalene. 

Although 8-naphthol is readily nitrosated in the «-position to give 1-nitroso-2-naphthol 
(8-naphthaquinone-l-oxime), the action of nitrous acid on dimethyl-f-naphthylamine is 
much more complex, 1-nitrodimethyl-2-naphthylamine being formed together with a brown 
resin, which is insoluble in dilute but soluble in concentrated hydrochloric acid, and two 
yellow substances, m.p. 80—90° and 145—155°, which have defied purification but are 
more basic than the 1-nitro-product above, since they are soluble, whereas the latter is 
insoluble, in very dilute hydrochloric acid. None of the products were nitroso-compounds, 
and it is suggested that nitration may also have occurred in positions other than 1. The 
1-nitrodimethyl-2-naphthylamine was synthesised from dimethylamine and 2-chloro-1- 
nitronaphthalene. 

The second benzenoid nucleus would thus appear to have a definite réle in the nitrous 
acid reaction in that uxidation appears to be promoted, but in the case of 4-chlorodimethyl- 
l-naphthylamine this effect is prevented by the stabilising action of the chlorine atom. 
Such an effect of the chlorine is found in the cases of 3-chloro-2-, -4-, and -6-aminophenols 
(Hodgson and Kershaw, J., 1928, 2703), which are very stable compared with the 
unsubstituted aminophenols. 


EXPERIMENTAL. 


4-Dimethylaminoaceto-1-naphthalide.—An intimate mixture of methyl sulphate (190 c.c.) 
and a-naphthylamine (143 g.) was heated on the water-bath for 2 hours and then made alkaline 
with aqueous sodium hydroxide. The separated oil was treated with acetic anhydride (see 
Gokhlé and Mason, J., 1930, 1757), and the dimethyl-«-naphthylamine removed by steam 
distillation. The picrate crystallised from alcohol in lemon-yellow needles, m. p. 145° (Found : 
N, 14:3. C,,H,,0,N, requires N, 14-0%). 

Sulphanilic acid (17-3 g.) was diazotised and the suspension, after treatment with urea and 
sodium acetate, was poured into a solution of dimethyl-«-naphthylamine (16 c.c.) in glacial 
acetic acid (200 c.c.) at 0°; 4-p-sulphobenzeneazodimethyl-a-naphthylamine separated almost 
immediately in fine steel-blue needles. The mixture was stirred for 15 minutes, concentrated 
hydrochloric acid (60 c.c.) and stannous chloride crystals (54-0 g.) added, and the whole heated 
at 70—80° until the red colour had disappeared; sodium hydroxide was added to the cooled 
solution until it was strongly alkaline, and the liberated base was extracted with ether. (1) 
Dry hydrogen chloride precipitated 4-aminodimethyl-1-naphthylamine dihydrochloride from the 
extract as a sticky mass, which rapidly became crystalline (turning brown in air) (Found: 
HCl, 27-8. C,,H,,N,,2HCl requires HCl, 28-2%). (2) When the extract was treated with acetic 
anhydride, 4-dimethylaminoaceto-l-naphthalide was formed. It crystallised from alcohol in 
colourless plates, m.p. 195° (Friedlander and Welmans, Ber., 1888, 21, 3124, give m. p. 194— 
195°) (Found: N, 12-4. Calc.: N, 12-3%). The picrate crystallised from alcohol in slender 
lemon-yellow needles, m. p. 201° (decomp. after softening) (Found: N, 15-5. C, 9H,,0O,N; 
requires N, 15-3%). 

4-Chlorodimethyl-1-naphthylamine.—A solution of 4-aminodimethyl-l-naphthylamine di- 
hydrochloride (10-4 g.) in water (100 c.c.) containing concentrated hydrochloric acid (15 c.c.) 
at 90° was rapidly cooled to 0° and diazotised with sodium nitrite (2-8 g.) in water (30 c.c.). 
After addition of urea the mixture was poured into a solution of cuprous chloride (5 g.) in con- 
centrated hydrochloric acid (50 c.c.) at 25—30°, heated at 50° for a few minutes, cooled, and 
made alkaline with ammonia; an ethereal extract of the product was shaken with concentrated 
hydrochloric acid (ca 15 c.c.); 4-chlorodimethyl-1-naphthylamine hydrochloride, which separated, 
crystallised from dilute hydrochloric acid in colourless compact prisms, m.p. 215° (with evolution 
of gas) (Found : Cl, 29-3. C,,H,,NCl,HCl requires Cl, 29-4%). 
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The picrate, formed from the base in ether and alcoholic picric acid, crystallised from alcohol 
in very large, elongated prisms, m. p. 146° (to an orange liquid) (Found: Cl, 8-0. C,,H,,0,N,Cl 
requires Cl, 8-2%); mixed m. p. with dimethyl-«-naphthylamine picrate (m. p. 145°) ca. 120° 
after softening. 4-Chlorodimethyl-l-naphthylamine was obtained from the hydrochloride 
by basification with sodium carbonate; it was slowly volatile in steam as a colourless oil. 

When £-naphthylamine (50 g.) was added with stirring to methyl sulphate (75 c.c.) at 110°, 
the temperature rose to 140°. After 5 minutes, the solution was cooled and made alkaline, 
and the liberated oil treated with acetic anhydride and steam-distilled from a suspension in 
aqueous sodium carbonate. Pure dimethyl-8-naphthylamine passed over as a colourless solid 
(turning pink), m. p. 46° (Hantzsch, Ber., 1880, 13, 2054, gives m. p. 46°). The picrate crystallised 
from glacial acetic acid in yellow plates, m. p. 200° (decomp.) (Found: N, 14:2. C,,H,,0,N, 
requires N, 14-0%), very sparingly soluble in boiling alcohol. 

Action of Nitrous Acid on 4-Dimethylaminoaceto-\-naphthalide.—The naphthalide (2 g.), 
dissolved in concentrated hydrochloric acid (5 c.c.) and water (30 c.c.), was diazotised at 0° 
with sodium nitrite (2 g.) in water (18 c.c.). After 1 hour’s stirring, the yellow crystals (1-2 g.) 
were removed; m. p. 125° after recrystallisation from alcohol. This product was a-naphtha- 
quinone containing a trace of a nitroso-compound (intense coloration in the Liebermann test). 
The filtrate coupled slightly with alkaline 6-naphthol, indicating the presence of a diazonium 
compound. A very similar result was obtained when dilute nitric acid (containing a trace 
of nitrous acid) at equivalent dilution was employed. 4-Dimethylaminoaceto-l-naphthalide 
was, however, completely unaffected by the latter reagent in the presence of urea, even after 
several days’ standing at room temperature. 

Action of Nitrous Acid on 4-Chlorodimethyl-1-naphthylamine.—The hydrochloride of this base 
(2 g.) was dissolved in concentrated hydrochloric acid (35 c.c.) and water (300 c.c.) at 100° 
and diazotised at 0° with sodium nitrite (2-3 g.) in water (20 c.c.), added quickly with vigorous 
stirring. After 1 hour’s agitation, the light orange precipitate of 4-chloro-2-nitrodimethyl-1- 
naphthylamine (2 g.; m. p. 54—55°) was removed (it gave no Liebermann test) and steam- 
distilled; it passed over very slowly as an orange oil, which soiidified and then 
from light petroleum in large, orange-red, hexagonal prisms, m. p. 58° (Found: Cl, 14-0. 
C,.H,,0,N,Cl requires Cl, 14-2%). 

Synthesis of 4-Chloro-2-nitrodimethyl-1-naphthylamine.—A _ solution of 2-nitroaceto-l- 
naphthalide (20 g.) (Hodgson and Walker, J., 1933, 1206) in glacial acetic acid (100 c.c.) was 
rapidly treated with chlorine at 100° for 30 minutes. 4-Chloro-2-nitroaceto-l-naphihalide, 
separated after cooling, crystallised from glacial acetic acid in colourless needles, m. p. 219° 
(Found: Cl, 13-2. C,,H,O,N,Cl requires Cl, 13-4%). On hydrolysis with boiling alcoholic 
sulphuric acid for 6 hours, 4-chloro-2-nitro-1-naphthylamine was obtained; it crystallised from 
glacial acetic acid or ethylene dichloride in slender orange needles, m. p. 202° (Found: Cl, 
15-8. C,,H,O,N,Cl requires Cl, 15-9%). (The preparation and orientation of the above two 
products have been supplied by Hodgson and Elliott—unpublished work.) 

A solution of 4-chloro-2-nitro-l-naphthylamine (5 g.) in boiling glacial acetic acid (70 c.c.) 
was cooled to 10° and diazotised by addition to sodium nitrite (2 g.) dissolved in concentrated 
sulphuric acid (40 c.c.). When this mixture was poured into a cold solution of cuprous chloride 
(8 g.) in concentrated hydrochloric acid (80 c.c.), a yellow precipitate (4-7 g.) of 1 : 4-dichloro-2- 
nitronaphthalene separated; this crystallised from glacial acetic acid in bright yellow, slender 
needles, m. p. 116-5° (Found: Cl, 29-0. C,,H,;O,NCI, requires Cl, 29-4%). When the diazo- 
solution (above) was poured into cold aqueous potassium iodide, 1-chloro-4-iodo-3-ntiro- 
naphthalene separated, which crystallised from glacial acetic acid or alcohol in yellow 
needles, m. p. 107° (Found: Cl + I, 48-5. C,,H,O,NCII requires Cl+I, 48-8%). 

1 : 4-Dichloro-2-nitronaphthalene (2-5 g.) was heatéd on the water-bath (under reflux) for 
4 hours with dimethylamine (3-5 g.) in alcohol (25 c.c.). Steam-distillation gave the volatile 
4-chloro-2-nitrodimethyl-1-naphthylamine (1-7 g.), which, after crystallisation from light petrol- 
eum, had m. p. and mixed m. p. with the previously described specimen, 58° (Found : Cl, 14-1%). 
After 8 hours’ heating on the water-bath with 10% aqueous sodium hydroxide, the specimens 
prepared by both methods gave the same 4-chloro-2-nitro-l-naphthol (Hodgson and Smith, 
J., 1935, 673), m. p. and mixed m. p. with an authentic specimen, 155° (decomp.), in each case. 

4-Chloro-2-nitromethyl-1-naphthylamine was obtained by boiling for 8 hours a mixture 
of 1 : 4-dichloro-2-nitronaphthalene, monomethylamine hydrochloride, sodium acetate, and 
alcohol; it crystallised from glacial acetic acid in small orange needles, m. p. 175° (Found: 
Cl, 14-8. C,,H,O,N,Cl requires Cl, 15-0%). 

Action of Nitrous Acid on Dimethyl-8-naphthylamine.—A solution of the amine (6 g.) in con- 
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centrated hydrochloric acid (40 c.c.) and water (120 c.c.) at 0° was treated gradually with 
sodium nitrite (4-2 g.) in water (6-0 c.c.). After 1 hour, the yellow-brown resin which had 
separated was removed, the filtrate diluted with ice-water (1 1.), and the excess of nitrous acid 
destroyed by urea. The orange precipitate of 1-nitrodimethyl-2-naphthylamine (1-8 g.), which 
separated during 15 minutes, was removed, washed, dried, and extracted with boiling light 
petroleum; on cooling, the pure product crystallised in large, crimson, elongated prisms, m. p. 
76—77° (Found: N, 13-2. C,,H,,0,N, requires N, 13-0%), which were readily soluble in 
concentrated hydrochloric acid and reprecipitated by water. 

Synthesis of 1-Nitrodimethyl-2-naphthylamine.—2-Chloro-l-nitronaphthalene (2 g.) was 
heated for 2 hours under reflux with dimethylamine (2 g.) dissolved in alcohol (40 c.c.). The 
cooled solution, when cautiously diluted with water, deposited 1-nitrodimethyl-2-naphthyl- 
amine (1-8 g.), which crystallised from light petroleum in crimson elongated prisms, m. p. and 
mixed m. p. with the specimen obtained as above, 76—77° (Found: N, 13-2%). 

4-Nitrodimethyl-1-naphthylamine was formed when 4-chloro-1-nitronaphthalene (2 g.) was 
refluxed for 2 hours with dimethylamine (2 g.) and alcohol (40 c.c.); it crystallised from light 
petroleum in small, light yellow needles, m. p. 64° (Found: N, 13-3. Calc.: N, 13-0%) (Vésély 
and Vojtech, Coll. Czech. Chem. Comm., 1929, 1, 104, give m. p. 65—66°). 


The authors thank the Department of Scientific and Industrial Research for a maintenance 
grant to one of them (J. H. C.), and Imperial Chemical Industries, Ltd., for various gifts. 
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329. The Constitution of Complex Metallic Salis. Part V. The Con- 
stitution of the Phosphine and Arsine Derivatives of Cuprous Iodide. 
The Configuration of the Co-ordinated Cuprous Complex. 


By FREDERICK G. MANN, DONALD PuURDIE, and ALEXANDER F. WELLS. 


ONE of the recognised methods for the characterisation of tertiary phosphines and arsines 
(particularly the aliphatic members) consists in the preparation of their highly crystalline 
non-ionic aurous chloride derivatives, of empirical formula [R,P(As)>AuCl]. We 
find that cuprous iodide and silver iodide give similar derivatives, of empirical formula 
[R,P(As)>MI]; they are prepared by shaking the phosphine or arsine with an equi- 
molecular quantity of cuprous or silver iodide dissolved in excess of potassium iodide solu- 
tion. The non-ionic character of the derivatives of the three metals is clearly shown by 
their insolubility in water and high solubility in most organic liquids. 

It appeared, therefore, that in these three classes of compound the metallic atom 
showed a co-ordination number of 2, and, by combining with the phosphorus (or arsenic) 
atom and the halogen radical by a co-ordinate and a covalent link respectively, was forming 
the neutral non-ionic (and presumably most stable) member of a series of complex com- 
pounds. In, ¢.g., the cuprous compounds, this series (by analogy with the platinammines 
and the cobaltammines) should consist of three classes, of formulz [(PR,),Cu]I, [PR;,Cul], 
and K[Cul,], the middle (non-ionic) member being therefore termed monoiodotrialkyl- 
phosphinecopper. 

Decisive evidence for the true co-ordination number of the cuprous atom was lacking, 
owing to the comparative instability of its known complex derivatives. The most charac- 
teristic derivatives were, however, the complex cyanides : these had been investigated by 
many workers, notably Grossmann and von der Forst (Z. anorg. Chem., 1905, 48, 94), 
who showed that, although cuprous cyanide combines with the alkali cyanides to form a 
series of complex cyanides (including compounds such as K[Cu(CN),] in which the copper 
atom has apparently a co-ordination number of 2), yet the most stable derivatives were the 
tetracyanides, ¢.g., K,[Cu(CN),], in which the copper has undoubtedly a co-ordination 
number of 4. This is to be expected, since the 7 electrons which copper requires to attain 
the electronic structure of krypton are acquired in the tetracyanide, where the copper is 
joined by covalent links to the cyanide radicals and by electrovalent links to the potassium 
ions. Since, however, the phosphine (and arsine) derivatives are formed from potassium 
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cuproiodide, K,[Cul,], the neutral non-ionic member should have the composition 
[(PR,),Cul] : in a compound of this type the copper would be joined by three co-ordinate 
and one covalent link, and so would again obtain the required 7 electrons. It follows there- 
fore that a 2-co-ordination cuprous compound, such as [R,P->CulI], in which the copper 
atom acquires only 3 electrons, should be very unstable : actually, however, many members 
of the phosphine and arsine series possess considerable stability. In view of this apparent 
contradiction, several homologous members of the phosphine- and arsine-cuprous iodide 
compounds were prepared, and their properties and structure investigated in detail. All 
members, with the exception of the amylarsine derivative, are white (or cream-coloured) 
crystalline compounds; the melting points (Table I) fall rapidly as the homologous series is 
ascended, the tri-n-amylarsine compound being liquid at room temperature. 

The triethylarsine cuprous iodide compound crystallises in dodecahedra of which a 


Fic. 1. 
Tetrakis(monoiodotriethylarsinecopper). 


The broken lines represent the edges of the tetrahedron formed by the four copper atoms, the apex occupied 
by the central copper atom being tilted forward to show ali the four bonds joined to this atom. The iodine 
atoms are depicted on the faces of the tetrahedron in order to show their linkage to the neighbouring copper 
atoms : actually they lie well above the plane of the tetrahedral faces, as shown in Fig. 2 (A). The iodine 
atom on the rear face of the tetrahedron is not shown. 

The unbroken lines without barbs represent covalent links, those with barbs co-ordinate links. 


complete X-ray analysis has been made. This analysis shows conclusively that the true 
molecule consists of a combination of four of the simple units, and therefore has the formula 
[EtsAs>CulI],, i.e, it is actually tetrakis(monoiodotriethylarsinecopper). In this 
four-fold molecule, the four cuprous atoms are arranged at the apices of a regular tetra- 
hedron : the four iodine atoms lie each at the centre, but above the plane of, one face of the 
tetrahedron (Figs. 1 and 2). Beyond each cuprous atom is an arsenic atom lying on the 
elongation of the axis joining the centre of the tetrahedron to the copper : the three ethyl 
groups are then joined to each arsenic atom so that the tetrahedral angle is subtended both 
at the arsenic and at the first (or «) carbon atom of the ethyl groups [Fig. 2(B)]. 

It is clear, therefore, that the simple [R,As>CulI] units must be unstable in the free 
state, but that considerable stability is acquired in the formation of the tetrakis-molecule 
by virtue of each iodine atom, in addition to being covalently linked to its original copper 
atom, also becoming joined by co-ordinate links to the other two copper atoms of the same 
tetrahedral face (Fig. 1). (When such a union is once effected, there is clearly no essential 
difference in the electronic linkage between the iodine atom and each of the three sur- 
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rounding copper atoms, such a difference being limited to the origin of the electrons con- 
cerned: hence X-ray analysis shows the iodine atom to have an absolutely symmetrical 
disposition relative to all three copper atoms lying at the corners of the same tetrahedral 
face.) It follows therefore that each copper atom in the four-fold or tetrakis-molecule is 
actually showing a co-ordination number of four, being joined by a covalent link to one 
iodine atom and by co-ordinate links to two iodine atoms and one arsenic atom. It is thus 
acquiring 7 electrons, and the interesting fact emerges that these cuprous atoms are there- 
fore identical both in co-ordination number and in electronic structure with that in potas- 
sium cuprocyanide, K,{[Cu(CN),]. It is remarkable, however, that the large four-fold 
molecule has evidently a far greater stability than the (at present unknown) compound 
[(AsEt,),CuI] in which the copper atom would again have the same electronic structure. 

It follows further from the structure shown in Figs. 1 and 2 that, since each iodine atom 
is raised considerably above the centre of each tetrahedral face, the copper atoms are them- 
selves at the centre of tetrahedra, each of the latter having thus one arsenic and three 
iodine atoms at its apices. This tetrahedral configuration of the cuprous complex is thus 
completely in accord with the results of Cox, Wardlaw, and Webster (this vol., p. 775), 
who by X-ray analysis have determined the tetrahedral configuration for K,[Cu(CN),] 
and for tetrakisthioacetamidecuprous chloride, [Cu{SCMe-NH,},]Cl. 

Tetrakis(monoiodotriethylphosphinecopper) is strictly isomorphous with the above 
ethylarsine compound and has therefore the same structure. The phosphine and arsine 
compounds in the -butyl series are not, however, isomorphous: it is extremely unlikely 
that this is due to any difference in chemical structure between the two compounds, but is 
due rather to the fact that the packing of the molecules and the resulting symmetry are 
very readily changed by small alterations in the atomic sizes. 

Tetrakis(monobromotriethylarsinecopper) also is strictly isomorphous with its iodine 
analogue, and the structure shown in Figs. 1 and 2 is therefore not peculiar to the 
iodo-compounds. 

Further evidence confirming the structure shown in Figs. 1 and 2 has been obtained both 
from molecular-weight determinations and from a study of certain a«’-dipyridy] derivatives. 


(1) Molecular Weights.—The molecular weights of homologous members of the phos- 
phine(and arsine)cuprous iodide compounds have been determined in various solvents, and 
for purposes of ready comparison, the degree of association of the simple unit molecules, 
calculated on the basis of these molecular weights, is shown in Table I. 


TABLE I. 


Molecular weights of the phosphine- and arsine-cuprous iodide derivatives in various 
solvents. 
n in [R,P—>Cul],. n in [R,As->Cul],. 
M.p. COMe,.* C,H,. C,H,Br,.f M.p. COMe,.* C,H, C,H,Br,.t 
R = Et 236—240° _ 3°47* —_— (Decomp.) —_ 3°86* — 
n-Pr 207° 3°39 3°57T 3°68 205—212° 3°94 3°55T 4:18 
n-Bu 75° 3°59 3°36T 3°46 61°5° 4:21 3°73T 3°70 
n-Am 27° 3°28 3°62T 3°91 Liquid — —_ ome 
* Ebullioscopic. ¢ Cryoscopic. 


These results show clearly that the molecular weight is not appreciably affected by the 
nature of the solvent, and that; even in a dissociating solvent such as acetone, the arsine 
compounds (in particular) exist almost entirely as the four-fold molecule [R,As> CuI]. 
The fact that the phosphine compounds in all the above solvents, and the arsine compounds 
(with one exception) in benzene and ethylene dibromide, give values for » which are uni- 
formly between 3 and 4 shows, however, that some dissociation must occur in these 
solutions. Its nature is unknown: it may be of the type [R,P>CulI],774[R,P> Cul], 
or dissociation to some intermediate complex. It is noteworthy that Mr. A. E. Finn 
finds the dipole moment of the tri-m-butylarsine compound in benzene solution at 25° to 
be 1-60 D: the symmetric four-fold molecule should, of course, have zero moment, 
whereas the simple unit [Bu*,As>CulI] should have only a very small moment if the 
links to the copper atom are linear, but a larger value if these links are set at an angle. 


5D 
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(2) aa’-Dipyridyl Derivatives—If{ non-ionic compounds in the phosphine and arsine 
series are formed when the cuprous atoms are joined to neighbouring groups by one co- 
valent and three co-ordinate links, similar but simpler compounds should exist provided 
the same four linkages are available for the metallic atom. Such compounds, 2z.g., 
[(NH,),Cul] (Biltz and Stollenwerk, Z. anorg. Chem., 1921, 119, 97), have been prepared, 
but readily lose ammonia on exposure to air. We have now prepared compounds of this 
general type by utilising the stabilising effect of the chelated aa’-dipyridyl group. 

A striking reaction occurs on mixing cold acetone solutions of tetrakis(monoiodotri- 
butylphosphinecopper) and of four molecular equivalents of aa’-dipyridyl; the colourless 
component solutions immediately give a deep red mixture, from which dark orange crystals 
of monoiodo-a«'-dipyridyliri-n-butyiphosphinecopper (1) separate : 


-Bu*,P->Cul) 
[Bu*,P>Cul], + 4dpy = 4 G > 
| Py 





Molecular-weight determinations show that the compound (I) has the simple molecule 
containing only one atom of copper, and the reaction has thus caused complete disruption 
of the four-fold molecule of the original compound; yet it is clear that the co-ordination 
number and the electronic state of the copper atoms are identical in the two compounds. 
Tetrakis(monoiodotributylarsinecopper) when treated with dipyridyl gives a similar but 
less stable derivative. 

The compound (I) is freely soluble in most organic solvents ; when, however, its solution 
(particularly in alcohol and benzene) is boiled, butylphosphine is readily lost and a deep 
red insoluble compound is precipitited. This compound is identical with that which 
Tartarini (Gazzetta, 1933, 63, 597) prepared by reducing a cupric salt with hydrazine and 
then adding dipyridy]l and potassium iodide in turn, and to which he assigned the molecular 
formula dpy Cul. There is little doubt, however, that during the formation of this com- 
pound from the phosphine derivative, the co-ordination number of the copper atom remains 
unchanged, and the red compound must therefore have two copper atoms now again linked 
through bridged iodine atoms as in (II): it is therefore bisdipyridyl-p-di-iododicopper. 


; rERP. Ay ,PEt 
a) | dpy’ “Cu” “cu ‘apy Seat Seat: * | ay 
WY Et,P” “I” PEt, 


This compound is thus very similar in general type to the bridged palladium compounds 
described in Part IV (Mann and Purdie, this vol., p. 873); moreover, like these palladium 
compounds, it is both of darker colour and of considerably lower solubility than the un- 
bridged compound from which it is derived, although the presence of the two chelated 
dipyridy] residues undoubtedly serves further to reduce its solubility. Thesame compound 
can be prepared even more readily from monotododipyridyltributylarsinecopper, which in 
solution at room temperature spontaneously loses butylarsine with precipitation of the 
compound (II). 

In this connection, it should be noted that Arbusow (J. Russ. Phys. Chem. Soc., 1906, 
38, ii, 293) prepared a compound, m. p. 37—39°, of empirical formula 2PEt,,Cul, which on 
warming readily lost one molecule of ethylphosphine to give the compound now known to 
be [Et,P+>CulI],. There is little doubt in view of the above results that Arbusow’s 
compound has themolecular formula [(PEt;),Cul], and the constitution (III), being identical 
in general type-with the dipyridyl compound (II). The instability of compounds such as 
(III) renders a detailed investigation of their constitution very difficult. 

In the early stages of the present work, the parachors of certain of the phosphine- and 
arsine-cuprous iodide compounds were determined on the assumption that the molecules 
had the simple structure [R,P(As)->Cul] and that therefore the results might further 
elucidate the cause of the abnormal parachors of complex metallic compounds previously 
described (Mann and Purdie, J., 1935, 1549; this vol., p. 873). Since the compounds have 
actually the four-fold or tetrakis-molecule, the results now obtained cannot be interpreted. 
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Their general nature, however, is precisely similar to that found for the palladium and the 
mercury derivatives, since the copper compounds clearly possess a marked negative parachor 
anomaly, and the apparent parachor of the constituent copper atoms decreases as the 
homologous series is ascended. The parachors for the simple unit [R,P(As)>CulI] 
are given in Table II in order to illustrate this point : the molecular parachors should be 
four times those shown in col. 2. 


TABLE II. 
Parachors of complex copper compounds. 
Compound. (P], obs. =[P].* Parachor of Cu. 
Phosphine compounds, [R,P—>-CulI]. 

R. 2 8-BU.. 060000 0cccccees 643 651 — 8 

MAMA, » 6c. cccqecoreese 749 772 — 23 

Arsine compound, [R,;As—>CulI]. 

R == 9-BO....0..00ccccecseee 654 666 —12 


* S[P] represents the sum of the parachors of all the elements except copper. 


The structure of the aurous chloride and the silver iodide derivatives of the tertiary 
phosphines and arsines is now being investigated. Preliminary results indicate that they 
have a four-fold molecule closely akin to that of the corresponding cuprous compounds. 


EXPERIMENTAL. 


Chemical Data. 


The dipole measurements were made by Mr. A. E. Finn in the Dyson Perrins Laboratory of 
Oxford University, and are gratefully acknowledged. All molecular weights were determined 
cryoscopically except those marked,* which were ebullioscopic. The parachor measurements 
were made with the apparatus already described (J., 1935, 1555). The symbols have their usual 
significance ; in no case did the m. p. of the compounds fall by more than 0-5° during the density 
and surface-tension determinations. 

The names of the solvents used for recrystallising the compounds are given in parentheses 
immediately after the name of the compound concerned. 

Tetrakis(monoiodotrialkylphosphinecopper), [R,P->Cul],—All members were prepared 
by the same method, which is therefore given in detail only for the ethyl compound. This was 
apparently prepared by Arbusow (/oc. cit.), who gave few details and nom. p. Freshly distilled 
triethylphosphine (6 g.) was shaken with a solution of cuprous iodide (13 g.; 1-3 mols.) in satur- 
ated aqueous potassium iodide solution (100 c.c.) for 2 hours, a white solid rapidly separating. 
The latter was collected, washed thoroughly with water, drained, and dried. The crystals 
(benzene) soften at 230° and melt 236—240° (no apparent decomp.) ; they are almost insoluble in 
hot alcohol and acetone (Found: C, 23-3; H, 4:9; Cu, 20-7; M, in 5-953% benzene solution, 
1070 *; in 10-74%, 1070.* Calc. for C,,Hggl,Cu,P, : C, 23-3; H, 4-9; Cu, 206%; M, 1234). 

The n-propyl compound (acetone) softens at 197°, m. p. 206—207° (Found: C, 30-9; H, 
5-8; Cu, 18-1; M, in 6-106% acetone solution, 1200 *; in 9-573%, 1210*; in 2-631% benzene 
solution, 1250; in 1-541% ethylene dibromide solution, 1290. C,,H,,I,Cu,P, requires C, 30-8; 
H, 6-0; Cu, 18-2%; M, 1402). 

The n-butyl compound (alcohol—acetone) had m. p. 75° (Found: C, 36-4; H, 6-9; Cu, 16-2; 
M, in 10-22% acetone solution, 1410*; in 2-747% benzene solution, 1330; in 7-400%, 1310; 
in 2-540% ethylene dibromide solution, 1360. CygH9,1,Cu,P, requires C, 36-7; H, 6-9; Cu, 
16-2% ; M, 1570); ¢ 78°, 99°; @ 1-390, 1-336; y 26-83, 25-34; (P] [ 643-0, 644-1; mean, 643-5; 
[Plon = — 8. When heated at a pressure of ca. 0-01 mm., it decomposed smoothly at 200— 
210°, evolving tributylphosphine and leaving a residue of crystalline cuprous iodide. 

The n-amyi compound separated at first as an oil, which was extracted with benzene, dried 
over sodium sulphate, and the benzene evaporated ; the residual oil, which crystallised on cooling, 
was recrystallised from alcohol and collected in a chilled filter; m. p. 27° (Found: C, 41-2; 
H, 7-25; Cu, 14-9; M, in 12-55% acetone solution, 1420 *; in 1-968% benzene solution, 1550; 
in 5-471%, 1600; in 1-137% ethylene dibromide solution, 1700. CggH,5.1,Cu,P, requires C, 
41-4; H, 7-6; Cu, 146%; M, 1738); ¢ 56°, 77°, 99°; d 1-332, 1-308, 1-285; y 27-60, 25-87, 
24-18; [P] 747-8, 749-6, 750-3; mean 749-3; [P]og = — 23. 
¢t See above. 
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The lower members of the phosphine series are stable almost indefinitely at room temperature, 
whereas the higher members tend ultimately to decompose, giving green viscous syrups; the 
onset of this decomposition varies with individual samples and may be long delayed, but when 
once started it proceeds to completion. The solubility in organic liquids increases as the homo- 
logous series is ascended, the increase being greatest between the lower members of the series. 

Tetrakis(monoiodotrialkylarsinecopper), [R,As->CulI],.—The method of preparation was 
similar to that of the analogous phosphine compounds. The methyl compound (R = Me) ) 
decomposed slowly in hot solvents with deposition of cuprous iodide; it was therefore rapidly 
recrystallised from alcohol or (less suitably) cyclohexane, the hot solution being immediately 
filtered and chilled. The white crystals decomposed above 300° without melting (Found : 
C, 11-7; H, 3-0. C,,H,,1,As,Cu, requires C, 11-6; H, 2.9%); on prolonged exposure to air at 
room temperature, they slowly dissociate, leaving pseudomorphs of cuprous iodide; conse- 
quently, the compound, unless freshly recrystallised, has a faint odour of trimethylarsine. 

The ethyl compound (benzene) on heating decomposes slowly at 190—240°, but is far more 
stable than the methyl compound, decomposition being barely perceptible after several weeks’ 
standing at room temperature; it is almost insoluble in hot alcohol and acetone (Found: C, 
20-5; H, 4:3; Cu, 18-1; M, in 9-541% benzene solution, 1360.* C,H, I,As,Cu, requires C, 
20-4; H, 4:3; Cu, 181%; M, 1410). 

The n-propyl compound (acetone) forms beautiful white crystals which seften at ca. 190°, 
m. p. 205—212° (decomp.) (Found : C, 27-5; H, 5-5; Cu, 16-3; M, in 7-516% acetone solution, 
1580 *; in 9-354%, 1530 *; in 2-597% benzene solution, 1400; in 4-646%, 1400; in 2-385% 
ethylene dibromide solution, 1630; in 4-352%, 1670. C,,H,,I,As,Cu, requires C, 27-4; H, 5-4; 
Cu, 16-1%; M, 1578). 

The n-butyl compound (acetone or alcohol: the initial crystallisation from either solvent 
gave an oil which subsequently solidified; further crystallisations deposited the pure crystals) 
forms colourless needles, m. p. 61° (Found: C, 33-1; H, 6-1; Cu, 14:5; M, in 4-597% acetone 
solution, 1950 *; in 9-466%, 1730*; in 1-900% benzene solution, 1680; in 4-956%, 1570; 
in 1-044% ethylene dibromide solution, 1570; in 2-466%, 1660. C,,H49,I,As,Cu, requires C, 
33-0; H, 6-2; Cu, 146%, M, 1746); ¢ 77°; d 1-521; y 26-93; [P] 653-9; [Plog = — 12. 
When heated at a pressure of ca. 0-01 mm., it decomposed vigorously at 140—150°, liberating 
tributylarsine and leaving a residue of apparently amorphous cuprous iodide. 


Dipole measurement on the n-butyl compound in benzene at 25°. 


Ss qs". 25°. N*o50. P3. gP3. 
0-0 0°8737 2°2727 _ -— -= 
0°001827 0°8893 2°2845 2°2628 426°38 (377°34) 
0°002625 0°8958 2°2897 2°2644 42891 372°91 
0°003280 0°9012 2°2941 2°2668 429°39 374°66 
0°005237 0°9167 2°3047 2°2716 424°75 371°84- 


oP, = 427°36 c.c.; gP, = 373'l4c.c.; .~P, — gP, = 54:2 €.c.; wp = 1°60D. 


The n-amyl compound separated as an oil; this was extracted with benzene, the extract 
dried and filtered, and the benzene removed ina vacuum. The compound remained as a colour- 
less oil, the m. p. of which was well below 0°, and it was therefore not further investigated. 

The stability of the above arsine compounds, in the dry state or in solution, increases 
markedly as the homologous series is ascended, and, unlike the phosphine analogues, they 
decompose to a green product only very rarely. The solubility in organic solvents increases 
steadily as the series is ascended. 

Tetrakis(monobromotriethylarsinecopper).—This was prepared in an analogous manner by 
using a solution of cuprous bromide in potassium bromide solution, and formed white dodeca- 
hedra (benzene) which on rapid heating have m. p. 234—235° (decomp.) with preliminary 
softening (Found: Cu, 20-7. C,,H, Br,As,Cu, requires Cu, 20-8%). It is almost insoluble in 
alcohol and acetone, and is strictly isomorphous with the corresponding iodide, evidently having 
the same structure. 

Action of aa’-Dipyridyl_—(1) On tetrakis(monoiodotri-n-butylphosphinecopper). Solutions 
of the latter compound (3 g.) and of dipyridyl (1-191 g.; 4 mols.), each in cold acetone (20 c.c.), 
were mixed, a deep red colour immediately developing. The mixture was allowed to evaporate 
spontaneously, and the orange-red crystals that remained were recrystallised from acetone, in 
which they were very soluble. Monoiodo-aa'-dipyridyliri-n-butylphosphinecopper (I) was thus 
obtained as deep orange crystals, m. p. 123° (Found: C, 48-1; H, 6-5; N, 4-9; I, 23-1; M, 
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in 1-061% benzene solution, 527; in 0-941% ethylene dibromide solution, in which very slight 
decomposition occurred, giving a faintly turbid solution, 588. C,,H,;,;N,[CuP requires C, 48-1; 
H, 6-4; N, 5-1; I, 23-1%; M, 548-8). 

This compound, when boiled in alcoholic or benzene solution, rapidly decomposed, with loss 
of butylphosphine and deposition of the insoluble, deep red, microcrystalline bisdipyridyl-u-di- 
iododicopper (II), m. p. 274—275° (decomp.) (Found: C, 34-8; H, 2-4; N, 7-9; I, 37:1. 
C.5H,,N,I,Cu, requires C, 34-6; H, 2-3; N, 8-1; I, 36-6%). The same decomposition occurs 
(but far more slowly) in hot acetone solution : recrystallisation from acetone must therefore be 
performed rapidly, and the hot solution filtered and cooled without delay. Pure samples of the 
original compound, when kept at room temperature for several weeks, underwent the same 
reaction. 

In marked contrast with this ready loss of phosphine, the compound (I) when heated at 
ca. 0-01 mm., gave first a sublimate of dipyridyl at 90—110°, and then a distillate of butylphos- 
phine at 190—200°, crystalline cuprous iodide finally remaining. 

(2) On tetrakis(monoiodotri-n-butylarsinecopper). Solutions of the latter compound (2 g.) 
and dipyridyl! (0-716 g., 4 mols.) in cold acetone (20 and 10 c.c. respectively) behaved on admix- 
ture as in (1), and fine deep orange crystals separated. On standing for 1 hour, these were 
slowly replaced by minute deep red crystals of bisdipyridyl-u-di-iododicopper, which were col- 
lected, washed with acetone to remove all trace of the soluble orange crystals, dried, and then 
identified both by analysis (Found : C, 34-8; H, 2-6%) and by mixed m. p. determinations with 
the sample obtained in the previous experiment. The acetone filtrate and washings were united 
and allowed to evaporate spontaneously; the residual orange crystals were recrystallised 
rapidly from a small quantity of acetone by using the same precautions as above. Orange 
crystals of monoiodo-aa'-dipyridyliri-n-butylarsinecopper [as (I)] were thus obtained (Found : 
C, 44:7; H, 6-15; N, 4-9. C,.H,,;N,[AsCu requires C, 44-5; H, 6-0; N, 4-7%); on heating, 
the orange colour changed to deep red at 102—104°, presumably owing to loss of arsine and form- 
ation of (II). This compound is even less stable in solution than the corresponding phosphine 
derivative, and in cold. organic solvents spontaneously deposits the di-iodo-compound, this 
decomposition occurring rapidly when the solutions are boiled; consequently, no reliable mole- 
cular-weight determinations could be made. 

Direct Preparation of Bisdipyridyl-y-di-iododicopper (by Tartarini’s Method).—A solution of 
crystalline copper acetate (0-5 g.) in water (20 c.c.) was reduced by careful addition of a 50% 
aqueous hydrazine hydrate solution until the precipitated cuprous oxide redissolved and a clear 
pale grey solution was obtained. A solution of dipyridyl (0-6 -g.; 1-5 mols.) in alcohol (20 c.c.) 
was then added, a deep red solution being at once obtained. Saturated aqueous potassium 
iodide solution (20 c.c.) was now added, a red precipitate immediately forming. Water (50 c.c.) 
was finally added to coagulate this precipitate, which was collected on a filter, washed in turn 
with water and acetone, and then dried. The bisdipyridyl-y-di-iododicopper was identical 
with, although less pure than, that obtained in expts. (1) and (2) above. The colour of the 
compound prepared by Tartarini’s method varies between brownish-red and deep red, depending 
apparently on the state of division. 

When solutions of dipyridyl (0-50 g.) in freshly prepared hydriodic acid (d 1-70) and of 
cuprous iodide (0-61 g.; 1 mol.) in saturated aqueous potassium iodide (15 c.c.) were rapidly 
mixed, an immediate precipitation of orange-coloured needles occurred, but within a few minutes 
these changed to minute heavy, bright redcrystals. After 3hours, the red crystals were separated, 
washed in turn with water and alcohol, and dried. This compound has m. p. 142—145° (decomp.) 
and the empirical formula dpy,HCul, (Found : C, 25-3; H, 2-2; N, 5-7. C,gH,N,I,Cu requires 
C, 25-3; H, 1-9; N, 59%). Its identity is uncertain: it may be dipyridyl cupro-iodide, or 
alternatively a derivative in which one nitrogen atom of the dipyridyl molecule has remained 
neutralised by the hydriodic acid while the second has co-ordinated to the cuprous iodide. Its 
bright red colour serves to distinguish it at once from the dark red di-iodo-compound (II). 

When cuprous iodide dissolved in potassium iodide solution was shaken with two equivalents 
of triethylarsine, a white precipitate, apparently of empirical formula [(AsEt,),CulI], separated. 
It melted at ca. 55°, evolving ethylarsine and then resolidifying as crude [Et,As>Cul],; 
since warming in organic solvents caused the same decomposition, the compound was not 
further investigated. 

When a similar solution of cuprous iodide was shaken with one equivalent of ethyl sulphide, a 
white precipitate was again obtained. This decomposed without melting when heated in the 
open, but had m. p. 128—130° (decomp.) in a sealed tube. It decomposed freely in hot solvents 
and could not be obtained pure. 





1510 Mann, Purdie, and Wells: 


Crystallographic Data. 


The essential evidence for the structure of the compounds is given in brief below; the full 
crystallographic details will be published elsewhere. 

Tetvakis(monoiodotriethylarsinecopper).—Unit cell and space-group. The compound crys- 
tallises in the cubic system with dodecahedral habit, {110} being the only form observed. 
Oscillation photographs taken with Cu-K, radiation give a = 13-08 + 0:02 A. The density 
(by flotation) is 2-05, requiring 8As(C,H,),,Cul components in the unit cell. Oscillation and 
Weissenberg photographs about the [100], [110], and [111] axes show the absences characteristic 
of a body-centred lattice. The Laue symmetry is O,. The only space-group consistent with this 
symmetry in which the arsenic, copper, and iodine atoms may each occupy 8-fold positions is 
143m(T,?). 

Determination of structure. The atoms must occupy the following equivalent positions : 
(000) and ($44) + ; I — (8-fold) wuu, uuu, uuu, Wau; As — (8-fold) vvv, etc.; Cu — (8-fold) 
www, etc.; CH, — (24-fold) +,%,2,, etc.; CH, — (24-fold) +,%,2,, etc., the axes being those of 
the “ International Tables.’’ The iodine, arsenic and copper atoms lie on 3-fold axes in the 
diagonal planes of symmetry. No structure in which linear molecules As(C,H;)3,Cul containing 
2-covalent copper exist as discrete units could explain the observed intensities. Since the 
structure factors (F) of the hh0 planes are all positive (the contributions from the carbon atoms 
being neglected), a one-dimensional Fourier projection on [110] could be used to determine 
approximately the iodine parameter u. Then the signs of the structure factors of the stronger 
h00 and hkO planes were deduced, and a rough 2-dimensional projection on (001) showed the 
position of a second heavy atom (Cu or As). Two of the parameters being known, the signs of 
more factors, Fy,9, could be found, and the projection was repeated. By these means the 
approximate positions of the heavy atoms were found, the parameters being refined by utilising 
relationships between the structure factors of high-order hkO reflections. The approximate 
F values used were obtained from visually estimated intensities on Weissenberg films. The 
positions of the carbon atoms were fixed only by considerations of packing. The parameters 
adopted were: u = 0-12, v = 0:32, w = 0-43; x, = 0-365, x, = 0°30; z, = 0-18, z, = 0°10. 
In calculating F),;, the contribution from the carbon atoms has been omitted, since it is always 
small and usually negligible, but it is included in the calculated F’s for the planes h00, hh0, and 
hkO, where it is sometimes appreciable. 

Table III shows the observed and calculated values of F for reflexions 400, hhO, and hkO, 
where 

F' obs, = I estimated/[(1 + cos*26) /sin26]* 


The intensities were estimated on a Weissenberg photograph about [100]. Discrepancies 
between F’», and Fog, for very weak reflexions have little significance, since the intensity of 
weak spots is difficult to estimate and a small alteration in the estimated intensity causes a large 
alteration in F'op.,, especially when the polarisation factor is small. Neither extinction nor 
temperature factor was allowed for, so at very small and at large values of sin@/A, the calculated 
F exceeds the observed value. Table IV contains data from Weissenberg photographs about 
the [110] and [111] axes: indices (hhg) and (h, k + 1, 2) respectively. 


TABLE III. 


Plane. a xa Plane. }F. F' ans.: Plane. i fe Plane. }F. F'obs.. 
110 550 +110 83 680 990 +72 50 
200 170 — 3 0 1000 8100 +12 14 
220 460 + 8 20 2100 7110 —23 0 
130 370 — 40 30 590 3130 +652 22 

800 5 0 4100 6120 +11 0 
280 7 14 880 2140 +34 16 
660 60 64 790 10100 +10 0 
570 20 «0 3110 9110 —48 32 

88 480 50 55 6100 8120 —70 43 

350 190 10 15 2120 7130 —4l 25 

600 4 390 16 0 5110 6140 —39 20 

260 — 44 770 55 35 4120 


400 
330 
240 
150 
440 


1+1++] 


Description of structure. The essential feature of the structure is the existence of well-defined 
four-fold or macro-molecules (AsEt,),Cu,I, [Fig. 2(A)], of which there are two per cell with centres 
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TABLE IV. 

[110] axis. 
, oe Plane. }F. ) Plane. 
w 226 100 vs 662 2210 
Ss 444 76 s 338 558 
s 552 9 a 556 3310 
m-+- 336 68 s+ 664 4410 
w 118 18 vw 448 668 
s 554 54 m+ 1110 5510 
s— 446 38 m 666 6610 
Ss 228 33 w 

[111] axis. 
s— 451 63 s 473 33 583 


341 48 s— 462 14 a 572 49 m 682 36 
352 70 s 561 50 m 671 29 w 781 48 


at (000) and ($434). This group consists of a tetrahedron of copper atoms, of side 2-60 A., 
with an iodine atom resting on each face of the tetrahedron. An arsenic atom is attached to 
each copper atom, the triethylarsine groups being directed away from the corners of the tetra- 
hedron. Since the arsenic atoms lie on 3-fold axes, the triethylarsine groups themselves possess 


Fie. 2. 
Tetrakis(monoiodotriethylarsinecopper). 






































(A) (B) 
(A) shows the relative positions of the atomic centres. The atomic radii ave reduced in size to reveal 
the rear atoms : the rear iodine atom is vertically shaded for identification, 
(B) shows one triethylarsine group linked to copper. 


this symmetry, and the nearest neighbours of an arsenic atom are one copper and three carbon 
atoms in an approximately regular tetrahedral configuration. The angle between the Cu—As 
and As—CH, bonds when calculated from the parameters given above is about 100°, but it is 
quite possible that any distortion of the tetrahedral angles may be shared between this angle and 
that between the As—CH, and CH,—CH, bonds. Fig. 2(B) shows a perspective view of a 
triethylarsine group attached to copper. 

The more important interatomic distances are shown below. 


Iodine. Copper. Arsenic. 
Nearest Nearest Nearest 
neighbours. Distance, A. neighbours. Distance, A. neighbours. Distance, A. 
3Cu 2°66 As 2°50 3CH, 1°95 
3CH, 3°34 3Cu 2°60 Cu 2°50 
3I 4°45 3I 2°66 3I 4:10 


Each iodine is surrounded octahedrally by 3 copper and 3 carbon atoms, and the large distance 
between iodine and carbon (3-34 A.) indicates that the binding between these atoms is only of the 
van der Waals type. The fact that the forces within each macro-molecule are of covalent type, 
whereas those between neighbouring macro-molecules are thus of the van der Waals type, 
indicates clearly the molecular character of the crystals. The existence of these macro-mole- 
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cules in the solid state, however, does not necessarily imply that single molecules of AsEt;,Cul 
may not exist, ¢.g., in solution. Each copper, with its arsine group attached, is equidistant 
from three iodine atoms in the crystal, and single molecules might possibly be formed as in the 
case of cuprous iodide. In the latter compound, each copper is equidistant from four iodine 
atoms in the crystal, but Cu,I, and possibly CuI molecules apparently exist in the vapour, and 
in solution in certain organic solvents. In the ethylarsine compound, however, there seems to 
be little doubt that the four-fold molecule is essentially the form in which the compound exists 
in solution. 

Tetrakis(monoiodotriethylphosphinecopper).—This is isomorphous with the above arsenic 
analogue, showing the same dodecahedral development and cubic symmetry. The unit trans- 
lation is a = 13-05 + 0-05 A. (from layer line separations). The observed density (by flotation) 
is 1-84, giving 8 molecules in the unit cell. 

Tetrakis(monoiodotri-n-propylphosphinecopper).—Compact colourless crystals and occasion- 
ally needles elongated along the b axis. Oscillation photographs show that the structure may be 
referred to the following monoclinic unit cell (dimensions from layer line spacings) : a = 18-9, 
b = 15-4,c = 19-9A.,8 = 78°. The density (by flotation) is 1-70, requiring 16 molecules in the 
unit cell. On account of the existence of various pseudo-halvings, the space group cannot at 
present be established with certainty. 

Tetrakis(monoiodotri-n-butylarsinecopper).—Very slender colourless rhombic needles showing 
the forms {100}, {010}, and {110}. Oscillation photographs about the three axes confirm the 
rhombic symmetry and give the following unit translations : a = 26-3, b = 22°3, c = 123A. 
The calculated density for 16 molecules in the unit cell is 1-60, which is about that to be 

expected (compare the tributylphosphine compound, d = 1-47). 
The halvings are as follows: hkO absent when A is odd, Ok/ 
when k + / is odd, A0/ all types present. The crystals show 
no signs of pyroelectricity when tested in liquid air (contrast 
the phosphine analogue), indicating that the space-group is 
Pnma(Di). Of the four-fold positions, (a) and (b) are unlikely 
since they have point symmetry /,(C;), whereas in (c), *}z, 
the macro-molecules would have point symmetry m,(C,). The 
chief interest attaching to this compound is that it is not 

Arrangement of moleculay isomorphous with its phosphine analogue. 
centres in tetrakis(monoiodotri- Tetrakis(monoiodotri-n - butylphosphinecopper). — Colourless 
n-butylphosphinecopper) and the hexagonal prisms (1130) with moderate negative birefringence. 
relation of the pseudo cell to the The di : f the h 1 -aell obtained § 
unit cell of the structure. e dimensions o e hexagonal unit cell, obtained from 

layer line separations on oscillation photographs (Cu-K, radi- 
ation), are c = 23-7, a = 22-4 A. The symmetry of oscillation photographs about the c axis 
shows that the principal axis is trigonal and that there is no horizontal plane of symmetry. 
Photographs about the a axis are symmetrical with respect to the equatorial line; those about 
a [1100] axis are not. There are no systematic absences for general planes, so that the lattice 
is hexagonal and not rhombohedral. The only halvings are 000/ for / odd and AOA/ for / odd. 
These, together with the low Laue symmetry indicated by the oscillation photographs, limit 
the possible space-groups to C3c(D4,) and C3c(C3,), the latter being more probable since the 
crystals are strongly pyroelectric. The density (by flotation) is 1-47, requiring 24 molecules in 


TABLE V. 


Observed Intensities. 


I. Plane. 


vs 1230 
m 1340 
m 1450 


vw 1131 


1012 
1014 


2035 
2034 


3035 
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the unit cell : this multiple of 4 indicates that the compound may well have a structure analogous 
to that of the ethylarsine derivative. 

The Atomic Positions.—In this space-group (C 3c) the general position is 6-fold with point 
symmetry 1, (C,), and, if it is assumed that the 24 molecules form six 4-fold macro-molecules, 
these must be placed in the cell with their centres in the positions: xyz; y — %, %, z; ¥,% —Y, 
2; %,*#—Y,2+4;5 9,%,2+45 y— 49,2 +}. v 

In addition to the space-group halvings, it is observed that for small-angle reflexions h0A0 is 
thirded and Ah3h/ is halved for/ odd. Further, 1120 is the strongest reflexion recorded (Table 
III). These observations strongly suggest a hexagonal close packing of the 4-fold molecules, 
referable to a pseudo-cell with a’ = a/*/3 = 12-93 A. and axial ratio c : a = 1-83, and related to 
the larger unit cell as shown in Fig. 3. Such an arrangement is derived from the general position 
in C 3c by putting x = 4 and y= 0. The observations on planes (h, k, h +- i, 0) confirm this 
suggestion. Such planes should be observed only if h — & = 3n, and reference to Table V shows 
that this is the case. Further intensity comparisons are not justified since the macro-molecules 
cannot be treated as diffracting points for large angles of reflexion. It seems very probable, 
however, that the structure of the compound is essentially similar to that of the triethylarsine 
derivative. 


The authors are greatly indebted to Professor Sir Gilbert Morgan, F.R.S., for a gift of aa’- 
dipyridyl, and to The Queen’s College, Oxford, and The Department of Scientific and Industrial 
Research for grants. 


THE UNIVERSITY CHEMICAL AND CRYSTALLOGRAPHIC 
LABORATORIES, CAMBRIDGE. (Received, August 1st, 1936.] 





330. The Disappearance of Carbon Monoxide in the Presence of 
Electrically Heated Nickel Filaments. 


By GEORGE BRYCE. 


PRELIMINARY experiments showed that, when a nickel filament in a bulb cooled in liquid 
air was heated in low pressures of carbon monoxide to above 1200° Abs., the gas dis- 
appeared rapidly and completely. When the bulb was at room temperature the clean-up 
was slow, and it was practically zero when the bulb was at or above 100°. The pressure 
remained low so long as the liquid-air level on the bulb was maintained, and even when it 
receded considerably; but complete removal restored most of the initial gas pressure. 
Hence it seemed that the product was volatile or could migrate on glass without decom- 
position, if the temperature were not too high. This view was supported by experiments 
in which a short filament was heated in the upper part of a bulb, the bottom of which 
was cooled in liquid air. Afterwards there was nickel on the cooled part, but practically 
none directly opposite the filament, as ascertained by pipetting nitric acid into the cooled 
part of the bulb, and analysing this solution and also one obtained from the whole bulb 
interior. 

Previous work on the clean-up of residual gas in vacuum tubes containing electrically 
heated filaments had shown that it may be due to either electrical or thermal effects. 
Campbell and Ryde (Phil. Mag., 1920, 40, 585, e¢ seg.) proved that the electrical effects 
were almost absent if the potential across the filament was less than a critical value, and 
that in most cases only the thermal action occurred if the potential was less than 20 volts. 
Langmuir (Chem. Reviews, 1933, 18, 147, where earlier references are given) studied chiefly 
the thermal action, and gave fairly simple chemical explanations of his results. In the 
present experiments, electrical effects were minimised by keeping the total potential 
drop along the filaments at 6—8 volts. The following thermal processes by which the 
nickel might remove the carbon monoxide were considered. (a) Adsorption or absorption 
of the carbon monoxide by the nickel filament could remove only a very small quantity 
of gas. (b) Homogeneous interaction of evaporated nickel atoms with carbon monoxide 
molecules, giving products of low vapour pressure. (c) Attack of the nickel filament by 
carbon monoxide: presence of an adsorbed layer, or striking of gas molecules, changing 
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the rate of evaporation of the metal. (d) Heterogeneous reaction of carbon monoxide 
on the nickel, possibly without the metal evaporating, giving products which are of smaller 
volume or can be condensed or adsorbed elsewhere. (e) Adsorption of carbon monoxide 
by nickel condensing on the bulb. 

In general, for the investigation of these problems, methods must be used which can 
identify all of the possible types of clean-up, not only in simple cases where only one occurs, 
but also where the reaction is composite. Accurate determination of the rate of evapor- 
ation of the filament in a vacuum and in gas is important, as it shows whether the gas 
attacks the filament. Such determinations, as well as the other measurements, were 
carried out in the apparatus described below. 


EXPERIMENTAL. 


A pparatus.—Two cylindrical Pyrex bulbs were used, both ground to fit the same top, which 
was lubricated with Apiezon grease L. The top carried a pinch with l-mm. diameter tungsten 
leads, to which were spot-welded lengths of 1-mm. diameter “‘ gas-free’”’ nickel, and between 
these was spot-welded 15 cm. of 0-0104-cm. diameter 99-9% nickel, so that it was held axially 
in the bulb. The bulbs were thoroughly cleaned and baked. The filament was out-gassed 
and annealed in one bulb at 1250° Abs. for several hours, at over 1400° Abs. forabout 10 minutes, 
then quickly transferred to the second bulb, and after a further short flashing was as free as 
possible from gas. Gas pressures were read on a Pirani gauge calibrated against McLeod 
gauges (Campbell, Proc. Physical Soc., 1921, 33, 287). The gases were admitted to the reaction 
system from a calibrated pipette. The volumes of the different parts of the apparatus were 
found by expanding a known volume of nitrogen at known pressure into them. Pressure 
changes, when the temperature was varied, were determined for each bulb at a series of pressures 
and temperatures. 

The carbon monoxide was prepared from nickel carbonyl (kindly given by the Mond Nickel 
Co.), which had been distilled several times in a vacuum from 15° to — 190° before use; it was 
purified by passage over potassium hydroxide and phosphoric oxide and then through a liquid- 
air trap. 

The Mechanism of Carbon Monoxide Removal.—Deposition of nickel on the bulb was always 
associated with the disappearance of carbon monoxide, which in itself suggests that the gas 
combines with the deposited metal. Evidence in favour of this view of the nature of the 
reaction is first given by excluding the other possible reactions already mentioned. Later it 
is shown directly that freshly evaporated nickel can take up carbon monoxide. 

The clean-up first became appreciable with the filament just above 1200° Abs., and was too 
fast for measurement above 1450° Abs. Short tests in bulbs of 2-55 and 5-25 cm. diameter 
and at different pressures showed that the rate was independent of bulb diameter and of gas 
pressure between 0-1 and 10“ mm. Hg. The reaction was followed up to 1 mm. Hg pressure 
and, although here, in order to obtain an appreciable pressure change, the filament had to be 
thinned so rapidly that it was difficult to obtain accurate data, yet the rate appeared to continue 
to be independent of pressure. 

According to Smoluchowski’s formula, the number of collisions made by a carbon monoxide 
molecule in traversing a linear distance d is 3md*/42*, where A, the mean free path, is equal to 
9-92 cm. at 25° and 7-5 x 10 mm. Hg pressure (Dushman, “ High Vacuum’’). If this is 
assumed to apply approximately to the passage of nickel atoms through carbon monoxide, 
it can be calculated that the above variation of conditions varies the number of collisions made 
between filament and bulb between the limits 7 x 10-* and 3000. Since the rate was inde- 
pendent of gas pressure over this wide range, the mechanism of homogeneous reaction between 
nickel atoms and carbon monoxide molecules must be rejected. © 

A series of experiments was carried out in which a run in carbon monoxide with the bulb 
in liquid air was interposed between two similar ones in a vacuum. Initially, the resistance 
of the filament, which was in a Wheatstone bridge, was set to the desired value, and several 
readings of the middle temperature were taken by a disappearing-filament pyrometer with 
magnifying objective, thus giving directly to about 5° the brightness temperature forA = 0-665 
(Forsythe, Trans. Faraday Soc., 1919, 15, 21). These were corrected to the Kelvin scale by 
using a graph from Forsythe’s results as given in International Critical Tables, 1929. The 
resistance of the filament was kept the same throughout all three experiments. These tests 
were carried out at temperatures between 1300° and 1450° Abs., and showed that within the 
experimental error the rate of evaporation of nickel in carbon monoxide was the same as in a 
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vacuum. In order to avoid possible loss of nickel by volatilisation of the product, air was 
admitted to the reaction bulb after an experiment before the liquid air was withdrawn. After 
this it was rinsed with concentrated nitric acid, and the nickel determined as described in 
the following paper. Actually, the filament thinned only 10—15% more rapidly in carbon 
monoxide at 0-03—0-01 mm. Hg than it did in a vacuum. The effect was thus just within the 
limits of detection, and is probably to be attributed to factors such as the difference in tem- 
perature distribution along the filament when heated (1) in a vacuum and (2) in a low pressure 
of carbon monoxide. ° It is interesting to compare this behaviour of annealed filaments with 
low pressures of carbon monoxide and that shown in the Mond nickel process. Intermittent 
activation of the powdered nickel mattes is necessary in the latter process, and accounts for 
the ease with which the tetracarbonyl volatilises from them; and in addition, very much 
higher pressures of carbon monoxide are used. 

The foregoing results, together with the fact that the rate of clean-up is independent of the 
pressure, show that the reaction is not a surface attack of the wire by the gas. 

With the bulb in liquid air, either of the following reactions, if they occurred at the surface 
of the filament, would give products of low vapour pressure: (1) 2CO——> C + CO,, (2) CO + 
Ni—> NiO + C. The disappearance did not, in fact, depend on these * for the following 
reasons: (a) the carbon monoxide could be recovered quantitatively by heating the bulb at 
over 150° (blank experiments without evaporating nickel showing that heating to this tem- 
perature had no appreciable effect in freeing gas from the glass itself); (b) the gas freed by 
heating in this way did not condense on recooling, and reaction (2) was excluded further by 
the fact that (c) there was no clean-up with the bulb at 100°. 

The Composition and Properties of the Product.—The initial pressure at room temperature 
was read on the McLeod gauge, the gas cleaned up under various conditions, and the nickel 
in the deposit analysed colorimetrically. The results are given in Table I. 


TABLE I. 


Temp. (Abs.) in Initial quantity Quantity of Ratio, 
middle of Diameter of o é nickel obtained, CO (mols.) cleaned up 
filament. bulb, cm. g.-mol. x 10-°. o-. Ni (atoms) deposited 

1352° 2°55 1°66 “ 1°96 

1338 2°55 2°16 ‘ 1°73 

1312 2°55 2°16 4 2°46 

1387 5°25 3°88 . 2°22 

1297 2°55 2°16 ‘ 2°56 

1360 5°25 2°53 ‘ 2°49 

1380 2°55 2°37 ; 2°23 





The mean value for the ratio CO/Ni is 2-24. No systematic change in this ratio was found 
under the various conditions, suggesting that its value is not due to chance averaging, but that 
two carbon monoxide molecules combine with each nickel atom, or at any rate that the product 
is a subcarbonyl. A further indication that such is the case is the following. After cleaning 
up some carbon monoxide, the filament was cooled, and a similar dose admitted. None of this 
gas disappeared even after long intervals whilst the bulb was at — 190°, but if the liquid air 
was withdrawn for about a minute, and replaced, some had gone. Further slight temporary 
heating removed a little more, but a limit was reached when about half of the second dose 
had disappeared. Since secondary removal by the films formed from the primary clean-up 
did not occur appreciably at — 190°, it must require a low activation energy, and presumably 
depends on the addition of carbon monoxide to the already partly saturated carbonyl. The 
specific nature of the forces involved was shown by the fact that nitrogen (Frankenburger, 
Mayrhofer, and Schwamberger, Z. Elektrochem., 1931, 37, 473) was not cleaned up under similar 
conditions. Moreover, carbon dioxide was not affected by the hot metal filament. 

Since preliminary observations had indicated that the product formed at — 190° was un- 
stable at 100°, further experiments were carried out on the clean-up at a series of bulb tem- 
peratures, and also on the recovery of gas initially cleaned up with the bulb at — 190°. With 
the bulb in a slurry of solid carbon dioxide in acetone, the rate of removal was measurable 
with the filament at 1250—1500° Abs., and was independent of pressure between 0-07 and 

* This finding is interesting in relation to earlier controversies (Sabatier and Senderens, Bull. Soc. 
chim., 1903, 29, 249; Charpy, Compt. rend., 1903, 187, 120) as to whether nickel at high temperatures 
decomposed carbon monoxide, but the earlier work related to higher pressures where there was a zone 
of heated gas at the interface. 
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10 mm. Hg. The gas could be cleaned up to very low pressures and kept so, either with the 
whole bulb at — 80°, or if the cooling mixture evaporated half-way down. The gas disappeared 
4 or 5 times faster with the bulb at — 190° than at — 80°, and at the latter temperature the ratio 
CO/Ni lay between 0-4 and 1 instead of 2 to 1 at — 190°. More rapid sintering of the nickel 
deposit, or impurities from the glass competing with the carbon monoxide, would account for 
both these results. With the bulb at room temperature, only about 10- mol. of carbon monoxide 
was removed per nickel atom deposited. 

All of the carbon monoxide originally cleaned up with the bulb at — 190° was released by 
heating the bulb to above 150° for a short time, and, after such treatment, no appreciable 
readsorption took place on cooling again. Some gas was freed by heating to — 80° for a con- 
siderable time. After an hour at room temperature 70% was liberated. These results give 
some indication as to the stability of the compound formed. No more than 5—10% was re- 
adsorbed when the bulb was reimmersed in liquid air, this being due to sintering of the con- 
densate and to contamination from impurities in the glass, as shown in the next section. 

Adsorption of Carbon Monoxide on Nickel Evaporated in a Vacuum.—Direct experiments 
were made to find whether a condensate of vacuum-sublimed nickel retained the power, which 
the above results suggest that it has at the instant of its formation, of adsorbing carbon 
monoxide. The bulb was immersed in liquid air, and nickel evaporated from a well-aged 
filament in a vacuum of 10° mm. Hg or less. Neither radiation nor the stream of nickel could 
have heated the condensing surface much above — 190°. Immediately the filament cooled, 
a known quantity of carbon monoxide was admitted, and the resultant pressure was read on 
the Pirani gauge, from which the amount of sorption was determined. The quantity of nickel 
condensed was then found by analysis. Even under the best vacuum conditions and with the 
glass at liquid-air temperature, the metal first condensed was probably partly contaminated 
by gas from the glass. Sufficient nickel was therefore quickly vaporised to make it highly 
probable that the outer layers were gas-free, and the adsorption measured as soon as possible. 
The results are shown in Table IT. 


TABLE II. 
No. of layers of No. of layers of CO 
nickel on glass Residual pressure taken up (1 layer = 
Time to (1 layer = 10% of CO after Pressure decrease 1015 molecules per 
evaporate atoms per cm.” adsorption, due to adsorption, cm.? of geometrical 
Ni, mins. geometrical area). mm. x 10°. mm. x 10°. area). 
60 0°3 28°5 16 0°16 
60 0:9 21-4 3°8 0°38 
10 47 6°0 20°4 2°1 
5 12 5-0 74 0°75 
5 17 16°4 11°5 1:2 


Adsorption was rapid at — 190°, and thus did not require much energy of activation. It 
might be expected from the work of Roberts (Proc. Roy. Soc., 1935, 152, 445) on hydrogen 
that fresh metal condensates formed in a vacuum would subsequently be able to adsorb certain 
other gases provided that the condensates were clean. 

This experiment differed from the others in which the nickel was vaporised in presence of 
gas. In the present case the metal had formed a loose structure before the gas was admitted, 
and only the outer layers could then adsorb. Nevertheless, the specific surface of the nickel 
condensate was probably high (Gen, Zelmanov, and Shalnikov, Physikal. Z. Sovietunion, 1933, 
825), and this would account for the fact that in one experiment, if the geometrical surface was 
used as a basis of calculation, two layers of carbon monoxide were adsorbed. 

Behaviour of Tungsten and Molybdenum in Carbon Monoxide.—Tungsten and molybdenum 
at the same temperatures as the nickel (1200—1500° Abs.) (or even up to 1800° Abs.) did not 


TaBLeE ITI. 
Rate of evapn. of Mo, 
g.-atom/cm.*/sec. x 101° 
Temp. (Abs.) in Rate of clean-up of (from results of Jones, 
middle of Diam. of Temp. of CO, g.-mol./cm.? of Langmuir, and Mackay, 
filament. bulb, cm. bulb. Mo/sec. x 107°. loc. cit.). 
2046° 2°55 15° 2°7 1-3 
2128 2°55 15 49 4°5 
2240 5°25 15 59-0 23°0 
~ 1900 2°55 —190 8°5 _— 
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cause any clean-up of carbon monoxide over long periods with the bulb at — 190° or at room 
temperature. It was only when molybdenum began to evaporate appreciably at temperatures 
above 1900° Abs. that clean-up took place, and the actual rates shown in Table III indicate a 
close correlation between the rate of evaporation of molybdenum atoms, and the removal of 
carbon monoxide molecules. This suggests that the mechanism of clean-up may be similar 
to that with nickel, and affords further confirmation of the view that with the latter metal it 
is not merely a thermal decomposition at the surface. 


SUMMARY. 


Processes by which nickel filaments might clean up carbon monoxide were considered, 
and new methods developed to identify and examine them. Carbon monoxide was 
cleaned up by nickel at temperatures above 1200° Abs., two molecules of gas disappearing 
per metal atom evaporated. The properties of the product (volatility, decomposition, 
and reaction with carbon monoxide) were studied, and it was shown to be stable at — 190°, 
but to decompose completely at 100°. The gas was adsorbed on the nickel as this con- 
densed on the bulb. A similar mechanism is indicated for the clean-up of carbon monoxide 
by molybdenum above 1900° Abs. Neither nitrogen nor carbon dioxide was affected by 
hot nickel under similar conditions. 


This work was made possible by the award of a Glasgow Ramsay Memorial Fellowship, 
for which the author is grateful to the Trustees. He also wishes to thank Professor Rideal, 
F.R.S., for suggesting the subject and for his encouragement and advice during the progress 
of the work, and Dr. J. K. Roberts for many discussions. 
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331. The Evaporation of Nickel in a Vacuum. 
By GEORGE BRYCE. 


THE rate of evaporation of nickel in a vacuum has been measured (Jones, Langmuir, 
and Mackay, Physical Rev., 1927, 30, 201) by determining the loss in weight undergone by 
filaments heated to temperatures in the range 1318—1602° Abs. It is more accurate to 
analyse the metal evaporated. On account of 















































its great sensitivity, this method has the ad- a 
vantages of avoiding the difficulty of keeping ,._ | * 
the temperature constant whilst the filament 27? . 
becomes much thinner, and also of being useful % of 
for determining the quantities of metal evapor- 27:7 N 
ated during short experiments in the presence of & Nx A 
gases. S 7.5 
: ‘\ 

The present results were obtained with the $ 
apparatus described in the preceding paper. The 87:3 \ 
filament was glowed for a suitable time, the re- §& aN 
sistance being kept constant in a vacuum of 10° > 
mm. Hg or less. During an experiment 2—3 x . B77 ‘% %. 
10° g. of nickel was evaporated, and the con- §& 
densate was invisible. With constant resistance, & 69 ‘ 
the temperature and rate of evaporation of the 7 
filament fell steadily, but calculation and experi- 6-7 
ment showed that removal of this amount of 30 140 150 40 
nickel changed the resistance at constant temper- Log rate. 


ature by 0-2—0-3%, and hence reduced the rate V4Porisation of nickel im a vacuum: atoms per 
of evaporation at constant resistance only by 20— pate Gor eee 
30%. The greatest errors arose in the absolute determination of the temperature. 

The nickel deposited on the bulb was dissolved with 10 c.c. of hot dilute nitric acid, and the 
solution evaporated almost to dryness (repetition of the process showed that all the nickel had 
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been removed) ; the solution was neutralised with ammonia, and the nickel then estimated colori- 
metrically by Jones’s method (Analyst, 1929, 54, 582), which is so sensitive that 1 x 10° g. of 
nickel in 100 c.c. of solution could be estimated with an accuracy of 10%. Allreagents used were 
shown to be free from nickel. 

The results are plotted in the figure. The slope of the line gives an energy of about 85 kg.- 
cals. for the vaporisation of nickel atoms. The two values in this range due to Jones, Langmuir, 
and Mackay (/oc. cit.) are indicated by triangles. A plot of all their five points gives a mean 
latent heat in agreement with the above. 


If c is the condensation coefficient of nickel atoms on a nickel surface at temperature 
T° Abs., and # is the vapour pressure of nickel (in mm. Hg), the following expression for p 
can be deduced from the above results: log,(cp) = 9-148 — 2-00 x 104/T. Since c¢ 
cannot be greater than unity, the expression on the right-hand side of this equation gives a 
lower limit to the value of at temperature T. 

A uniform unilayer of nickel on a smooth surface would correspond to about 10% 
atoms per sq. cm., and hence on the geometrical surface opposite the filament to about 
2x 10%g. The consistent results obtained whether one-third layer or two layers of nickel 
were evaporated on to the bulb suggested that the atoms stuck on firs€ striking the glass, 
and the sharp shadows of the leads produced when more metal was evaporated supported 
this view. Moreover, the same rates of evaporation were found whether the bulb was at 
15° orat — 190°. Onglass, 18 layers of nickel could readily be seen, the minimum quantity 
visible being about 10 layers, but this does not necessarily give information concerning 
the absorption of light by 10 uniform layers, since the metal may have formed aggregates 
on condensing. The thicker deposits were tenacious, showed dull black by transmitted 
light, but had a metallic lustre in reflected light. 


DEPARTMENT OF COLLOID SCIENCE, CAMBRIDGE. [Received, August 27th, 1936.] 





332. Polyamines. Part II. The Preparation of BB’-Diamino- 
diethylamine and NN’-Bis-(8-aminoethyl)ethylenediamine. 
By D. H. PEAcock. 


By the action of ethylenediamine upon p-toluenesulphon-f-chloroethylamide (Peacock and 
Dutta, J., 1934, 1303) in alcoholic solution, N-(8-p-toluenesulphonamidoethy]l)ethylene- ‘ 
diamine (I), C,H,*SO,NH‘C,H,NH°C,H,NH,, and NN’-dis-(8-p-toluenesulphonamido- 
ethyl)ethylenediamine (II), (Cj;H,SO,*NH°C,H,-NH),C,H,, are slowly formed. From (I), 
by hydrolysis with concentrated hydrochloric acid in a sealed tube.or with boiling 60% 
sulphuric acid, 88’-diaminodiethylamine was obtained (Hofmann, Proc. Roy. Soc., 1862, 
11,413; Ber., 1890, 283, 3711; Fargher, J., 1920, 117, 1353; Mann, J., 1934, 461). Mann’s 
method (loc. cit.) is the best for the preparation of this base. From (II), by hydrolysis, 
NN’-bis-(8-aminoethyl)ethylenediamine (III), (NH,°C,H,-NH),C,H, (Hofmann, /occe. cit.), 
was prepared. The substance (II) was also obtained by the prolonged action of p-toluene- 
sulphon-$-chloroethylamide on (I), and (I) and (II) were produced when a solution of sodium 
ethoxide in alcohol was slowly added to a boiling solution of ethylenediamine dihydro- 
chloride and p-toluenesulphon-f-chloroethylamide (cf. Moore, Boyle, and Thorn, J., 1929, 
39). 

The present results with ethylenediamine afford further evidence of the resistance to 
hydrolysis of the chlorine atom in #-toluenesulphon-f-chloroethylamide (Peacock and 
Dutta, Joc. cit.). It can therefore be used under conditions where the use of phthalo-f- 
bromoethylimide would be unlikely to be successful (Ristenpart, Ber., 1896, 29, 2526). 

By the action of concentrated aqueous ammonia upon 6§’-dibromodiethylamine hydro- 
bromide (Peacock and Dutta, Joc. cit.), piperazine and $’-diaminodiethylamine were 
formed. 

The base (I) in alcoholic solution readily formed sparingly soluble co-ordination com- 
pounds with copper sulphate and with nickel sulphate. The base (III) gave with copper 
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sulphate a very soluble co-ordination compound, and with potassium chloroplatinite a 
sparingly soluble compound which seemed to be the chloroplatinite of the co-ordination 
complex. These co-ordination compounds are under examination. 


EXPERIMENTAL. 


The Action of Ethylenediamine on p-Toluenesulphon-f-chloroethylamide.—The amide (117 g.; 
§ mol.) was dissolved in rectified spirit (225 c.c.), and ethylenediamine (60 g.; 1 mol.) added. 
Next day the mixture was boiled under reflux for 11 hours; a crystalline precipitate consisting 
mainly of ethylenediamine dihydrochloride separated. The alcohol was distilled off, and the 
residue acidified with concentrated hydrochloric acid and extracted with cold water (A). The 
viscous residue was extracted with boiling water (B). The final residue has not yet been identi- 
fied. The solution (A) was evaporated to dryness, and the residue extracted with boiling 
rectified spirit, which left ethylenediamine dihydrochloride undissolved. The alcoholic solution 
on concentration and cooling deposited N-(8-p-toluenesulphonamidoethyl)ethylenediamine dihydro- 
chloride (87 g.), m. p. 182° after recrystallisation from aqueous alcohol and hydrochloric acid 
(Found: Cl, 21-4. C,,H,gO,N,S,2HCI requires Cl, 21-5%). The free base (I) was soluble in 
sodium hydroxide solution. By the action of p-toluenesulphonyl chloride and sodium hydroxide 
the tri-p-toluenesulphonyl derivative of 6$8’-diaminodiethylamine was formed, m. p. (from 
glacial acetic acid) 170°, unaltered by admixture with the compound prepared by Peacock and 
Dutta (loc. cit.). 

The solution (B) was cooled and hydrochloric acid added; NN’-bis-(8-p-toluenesulphon- 
amidoethyl)ethylenediamine dihydrochloride (16 g.) separated in colourless plates, m. p. 246°, 
sparingly soluble in cold water and in ethyl alcohol, less soluble in dilute hydrochloric acid 
(Found: Cl, 13-1. C,9H;,0,N,S,,2HCl requires Cl, 13-4%). The free base (II) from this 
dihydrochloride melted at 160° (Found : N, 11-95. CygH590,N,S, requires N, 12-3%). 

Similar results were obtained when a solution of sodium (0-92 g.) in alcohol (10 c.c.) was 
added during 10 hours to a boiling solution of p-toluenesulphon-$-chloroethylamide (4-66 g.) 
and ethylenediamine dihydrochloride (2-66 g.) in alcohol (10 c.c.) and water (5 c.c.). 

The dihydrochloride of (I) was heated with 5parts by weight of concentrated hydrochloric acid 
in a sealed tube at 160° or with 4 parts of 66% sulphuric acid under reflux at 160—170° for 7—9 
hours. In each case the product was made strongly alkaline and steam-distilled from an oil- 
bath at 160—170°. The £§’-diaminodiethylamine in the distillate was neutralised with 
hydrochloric acid and evaporated to dryness. The hydrochloride obtained by the sulphuric 
acid hydrolysis crystallised with some difficulty. 

NN’-Bis-(8-aminoethyl)ethylenediamine (III).—The di-p-toluenesulphonyl derivative (II) 
(13-2 g.) was heated for 8 hours in an oil-bath at 160—170° with concentrated sulphuric acid 
(30 g.) and water (15 g.). The product was made strongly alkaline with sodium hydroxide 
and steam-distilled from an oil-bath at 170—190°. The base was neutralised with hydro- 
chloric acid and evaporated to dryness; the tetrahydrochloride (8-0 g.) after crystallisation from 
ethyl alcohol and hydrochloric acid had m. p. 266—270° (Found: Cl, 48-5. C,H,,N,,4HCl 
requires Cl, 48-6%). The tetrabenzoyl compound, crystallised from boiling ethyl alcohol 
(sparingly soluble), melted at 230° (Hofmann, Joc. cit., gives 228—229°). 

The base (I) reacted very slowly in boiling alcoholic solution with p-toluenesulphon-8-chloro- 
ethylamide; after 12 hours, reaction had taken place only to the extent of about 10%. 

Co-ordination Compounds.—An alcoholic solution of the base (I) was prepared by adding a 
solution of the calculated amount of sodium in alcohol to an alcoholic solution of the dihydro- 
chloride of (I) and filtering off the sodium chloride. Copper sulphate solution with excess of this 
solution at once formed a light violet precipitate, insoluble in cold water and sparingly soluble in 
boiling water {Found: N, 11-75. [(C,,H90,N;S),Cu(H,O),]SO, requires N, 11-8%}. Calcium 
bromide, similarly treated, gave a product very soluble in water, which on evaporation gave no 
crystalline substance (cf. Peacock, J., 1913, 103, 672). Nickel sulphate solution, similarly 
treated, gave a violet-blue solution which after a few minutes deposited a violet precipitate. 
This substance was sparingly soluble in water and appeared to be a mixture. 

An alcoholic solution of (III) was similarly prepared and added to copper sulphate solution ; 
on evaporation, very hygroscopic, dark blue crystals were obtained. An aqueous solution 
of the tetrahydrochloride of (III) and the calculated amount of sodium hydroxide was added to a 
hot aqueous solution of potassium chloroplatinite; after a few minutes a flesh-coloured crystal- 
line precipitate formed, which was soluble in boiling water to a colourless solution and crystal- 
lised again on cooling. A similar product was obtained by adding sodium hydroxide to a solution 
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of the tetrahydrochloride of (III) mixed with potassium chloroplatinite. This substance may be 
[Pt (C.H,,N,))PtCl, (Found: N, 8-0. C,H,,N,Cl,Pt, requires N, 83%). Potassium chloro- 
palladite behaved similarly, but the palladous compound seemed more soluble. 

The Action of Ammonia on 88’-Dibromodiethylamine Hydrobromide.—The hydrobromide 
(Peacock and Dutta, Joc. cit.) (35 g.) was heated with 6N-alcoholic ammonia (500 c.c.) for 8 
hours in an autoclave at 100°. The alcohol was distilled, the residue evaporated to dryness, 
excess of sodium hydroxide added, and the bases distilled from an oil-bath at (1) 130°, (2) 130— 
180°, (3) 180—190°. Each product was acidified with hydrochloric acid and evaporated to 
dryness. The product from (3) was converted into p-toluenesulphonyl derivatives, which were 
treated with aqueous sodium hydroxide. From the alkaline solution, hydrochloric acid pre- 
cipitated a substance, which after recrystallisation melted at 170° alone or mixed with the tri- 
p-toluenesulphonyl derivative of §8’-diaminodiethylamine (Peacock and Dutta, Joc. cit.). 
The product insoluble in sodium hydroxide, m. p. 285-—286° after crystallisation from glacial 
acetic acid, was the di-p-toluenesulphony] derivative of piperazine (Peacock and Dutta, Joc. cit.) ; 
it was also obtained from fractions (1) and (2). 


The author thanks the University of Rangoon for a grant and Professor Sir W. J. Pope for 
permission to do part of the work in the Cambridge laboratories. - 
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333. Acid Catalysis in Non-aqueous Solvents. Part III. The 
Rearrangement of N-Iodoformanilide in Anisole Solution. 


By R. P. BELL and J. F. Brown. 


In Parts I and II (Bell, Proc. Roy. Soc., 1934, A, 148, 377; Bell and Levinge, ibid., 1935, 
151, 211) it has been shown that the rearrangement of N-bromo- into p-bromo-acetanilide 
in a number of non-dissociating solvents constitutes a,simple case of general acid catalysis, 
and that the catalytic constants of the acids used are simply related to their dissociation 
constants (in water). With most catalysts, this reaction proceeds inconveniently slowly 
at the ordinary temperature, and it is difficult to extend measurements to a greater variety 
of catalysts and solvents on account of the very reactive nature of N-bromoacetanilide 
in oxidising or brominating other substances. (The latter difficulty made it impossible 
to use ketones, esters, or ethers as solvents.) It was therefore decided to investigate a 
N-iodoacylanilide, which would be expected to rearrange more rapidly and to be less active 
as an oxidising and halogenating agent. 

The only known compound of this class is N-iodoformanilide, prepared by Comstock 
and Kleeberg (Amer. Chem. J., 1890, 12, 497) by the action of iodine on silver formanilide, 
and shown to give p-iodoformanilide in presence of acids. These authors supposed it to 
have the structure CgH;-N°:CH-OI, since silver formanilide gives an O-ether on treatment 
with methyliodide. However, its physical and chemical properties are very similar to those 
of the N-chloro- and N-bromo-acylanilides, and there can be little doubt that the correct 
formula is CgH,;-NI-CHO. 

In all the solvents used in the work on N-bromoacetanilide it is probable that carboxylic 
acids exist almost entirely as double molecules. The present work was therefore carried 
out in anisole solution. Although there are no actual molecular-weight determinations for 
carboxylic acids in this solvent, they are known to exist as single molecules in a number 
of other ethers (cf. Bell and Arnold, J., 1935, 1432). Anisole was chosen because it is less 
liable to autoxidation than most other liquid ethers. 


EXPERIMENTAL. 


Preparation of Materials.—Silver formanilide. This was prepared by adding sodium hydr- 
oxide solution to the theoretical quantities of formanilide and silver nitrate dissolved in 50% 
alcohol. After being filtered off and pressed, the precipitate was kneaded with a little ligroin : 
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this caused the water to separate out in large drops which could be removed with filter-paper. 
It was finally dried to constant weight in a vacuum desiccator in the dark (Found, by ignition : 
Ag, 47-30, 47-41. Calc.: Ag, 47-35%); yield 66%. An alternative method of preparation, 
in which solid sodium formanilide was first isolated, gave a smaller yield and a less pure 
roduct. 

" N-Iodoformanilide. 3-8 G. of silver formanilide were gradually added with shaking to 3-6 g. 
of iodine in 350 c.c. of dry, freshly distilled chloroform. The precipitated silver iodide was 
separated by a sintered-glass filter, and the filtrate evaporated in a current of dry air. The last 
40—50 c.c. of chloroform were poured off, and the remaining crystals washed rapidly with dry 
ether. Light was excluded in all these operations; yield 40—50%. The purity of the product 
was tested by dissolving a weighed quantity in a little chloroform, adding potassium iodide 
solution acidified with acetic acid, and titrating the iodine liberated (Found: I, 50-91. Calc. : 
I, 51-42%). Analysis at intervals showed that, when kept in the dark, it was stable for at least 
a fortnight. A sample was warmed with formic acid and the solution diluted with boiling water. 
On cooling, white needles, m. p. 107-5°, 
crystallised out (Beilstein gives m. p. 108— 
109° for p-iodoformanilide). 

Anisole. In order to obtain reproducible 
results it was found necessary to remove 
traces of peroxides. A pure material was 
shaken over-night with acidified ferrous sul- 
phate solution and dried first over anhydrous 
calcium chloride and then over metallic 
sodium. It was finally fractionated in the 
dark in an all-glass apparatus, the fraction, 
b. p. 151-5—152°, being collected and kept 
in a desiccator in the dark. 

Acids. Benzoic, o-nitrobenzoic, m-nitro- 
benzoic, and cinnamic acids were recrystall- 
ised from water, monochloroacetic acid from 
benzene, and 2: 4: 6-trichlorophenol from 
alcohol. All these acids were dried in a 
vacuum before use. Dichloroacetic acid 
was fractionally distilled and boiled within 
02°. Trimethylacetic acid was distilled in 
a vacuum and then purified by fractional 
freezing. 

Kinetic Measuremenis.—The reactions 
were carried out in the vessels previously 
described (Bell and Levinge, /oc. cit.), light 
being excluded by means of tin-foil. About 
1 c.c. of solution was withdrawn from time | 
to time, and run into a weighed flask contain- 70 7) 
ing 3 c.c. of 10% potassium iodide solution t (minutes) 
and 2 c.c. of 2N-acetic acid. The iodine 
liberated according to the equation C,H,-NI-CHO + H* + I’ —>» C,H,*NH°CHO + I,, was 
titrated with N/100—N/500-thiosulphate solution from a microburette. By keeping the 
concentrations of potassium iodide and starch uniform throughout, titrations could be repro- 
duced to + 0-01 c.c., and any absolute error in the end-point will have little effect on the 
velocity constants. The reaction was followed until about two-thirds of the N-iodoformanilide 
had disappeared, and 10—15 titrations were carried out in each experiment. 

Colorimetric measurements were also made to estimate small amounts of free iodine which 
appeared during the reaction. The colour of the reaction mixture was compared with that of a 
standard solution of iodine in anisole, a Hellige Duboscq immersion colorimeter being used. 
The green mercury line was used, light from a mercury arc being filtered first through an acidified 
mixed solution of copper sulphate and potassium chromate and then through a thin sheet of 
didymium glass. N-Iodoformanilide has a pale yellow colour in solution, but its light absorption 
was found to be negligible compared with that of an equivalent quantity of iodine. 

Results.—In the following table: c, = concentration of acid in equivs. per 1000 g.; cg = 
initial concentration of N-iodoformanilide in equivs. (of oxidising power) per 1000 g.; c, = final 
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concentration of free iodine in equivs. per 1000 g.; & = unimolecular velocity constant (log,,, 
min.-'); a = k/c, = catalytic constant. 

Preliminary experiments on the stability of N-iodoformanilide in ordinary dry anisole showed 
that there was a rapid decrease of concentration during the first few hours, followed by a much 
slower change. For a given amount of solvent, the absolute amount of N-iodoformanilide which 
disappeared during the initial period was roughly constant and independent of its concentration. 
Free iodine was also formed in amounts roughly equivalent to the decrease in titre. These 
facts suggest that the initial instability is due to reaction with a trace of impurity in the solvent. 
The addition of water had no appreciable effect, but treatment of the solvent with ferrous 
sulphate (which should remove peroxides) eliminated the rapid initial decrease and reduced 
the production of free iodine. The following table shows the results obtained with anisole 
purified as described in the preceding section. It is clear that the percentage decrease in the 
N-iodoformanilide concentration is fairly reproducible and independent of the initial con- 
centration. It was not possible further to increase the stability by more extensive purification 
of the solvent. Since the slowest catalytic reaction studied had a half time of about 3 hours, 
the “‘ spontaneous ”’ reaction can be neglected. 


Stability of N-iodoformantlide in anisole. 


pe oe eT Ee oN 2°15 1°44 119 0°945 0°346 
Decrease in titre, % ...... 18°8 21-4 27°6 26°8 17-2 24°8 
After 24 hrs.{ 199 i cidickictenaiaahn “Gk. . a 026 O11 0070 0-049 


In the catalytic experiments the velocity constants were evaluated by plotting the logarithm 
of the titre (per g. of solution) against the time. This sometimes gave a straight line, but more 
often there was a slight acceleration or retardation as the reaction progressed : this is indicated 
by a + ora — sign respectively in the last column of the following tables. The velocity constant 
was then determined by taking the initial slope of the plot. Typical examples of each kind of 
plot are shown in Fig. 1, the corresponding experiments being marked (a), (b), and (c) in the 
tables. (In the figure, the logarithm scale is displaced for the sake of clearness.) In a few 
cases (notably with trimethylacetic acid) the departure from linearity is very pronounced, but 
in the most unfavourable cases the ambiguity in the initial slope is less than 10%. 


Results of catalytic experiments. 


Dichloroacetic acid : cg = 0°010 throughout. Monochloroacetic acid. 
100 c,. 100 cy,. 100 k. a. 100 ca. 100cg. 100q,. 100%. a. 

(c) 0°926 0-080 1°67 178 + (a) 1°65 3°66 0°04 1-80 1-09 
0°676 <0°005 1-11 162 + 1-64 0°334 0-018 2-00 1-22 + 
0-490 — 0-822 166 + 1°58 1-00 0-01 1-80 1-14 + 
0°381 0-040 0°610 160 + 1-26 1-00 0°025 1-60 1-27 
0°239 0-015 0-480 201 + 0°874 3°67 0°036 0°870 1:00 — 

Mean 1°73 0°636 1-00 0°016 0-540 0°85 
0°397 3°65 0-070 0°430 108 — 
o-Nitrobenzoic acid : cg = 0°010 throughout. 0°297 1:00 0°007 0°345 116 + 
1:13 0°043 1°55 1-38 + 0°185 3°62 0-050 0°185 1:00 — 
0°794 0°041 1:09 1°37 of 0°185 1-00 — 0°172 0-93 — 
0°523 0-031 0°608 116 + Mean 1:07 
0-194 0045 0 a aa + Cinnamic acid: cg = 0°010 throughout. 
a ae 100 ¢,. 100 cj,. 100 &. a. 
m-Nitrobenzoic acid : cg ='0°010 throughout. 6°94 0051 1°82 0-265 — 
3°16 0°12 2°95 0-934 — 4°94 0°054 1°35 0°273 — 
2°09 0-12 1°55 0-742 — 3°19 0-068 0-801 0-253 — 
1°61 0°13 1-05 0-652 — 1-49 . 0°072 0°400 0°270 — 
0°796 0-11 0°390 0°490 — Mean 0°265 
0°704 0°13 0°290 0-412 — : . f 
Mean 0°646 Trimethylacetic acid : cg = 0°010 throughout. 
; . 5°84 — 2°45 0-420 — 
Benzoic acid. 4°78 0-055 1-85 0-388 — 
100 cg. 100cg. 100c,. 1008. a. 2°46 0-029 1-05 0°427 — 
(b) 7-98 1:00 0-005 3-00 0°375 — 1-29 0-025 0-580 0°440 — 
3°95 0-346 0°013 1-41 0°356 — Mean 0°425 
° 1-0 . . . past : i 
oo a oor > phi wm 2:4: 6-Trichlorophenol: cg = 0010 throughout. 
1°85 1-00 0-023 0°620 0°335 — 8°12 0°22 1-60 0°197 
0-966 1-00 0°039 0315 0327 — 4°06 0°33 1-20 0°287 


Mean 0°353 Mean 0°242 
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DISCUSSION. 


The rearrangement of N-iodoformanilide is clearly analogous to that of N-bromo- 
acetanilide, being essentially unimolecular and showing general acid catalysis. With 
monochloroacetic and benzoic acids as catalysts, the initial concentration of N-iodo- 
formanilide has been varied by a factor of 10 without having any appreciable effect on the 
catalytic constants. [Using trichloroacetic acid as catalyst, Bell and Levinge (loc. cit.) 
found that the catalytic constant varied somewhat with N-bromoacetanilide concentration. 
The absence of this effect in the present instance may be due to the fact that weaker acids 
were used as catalysts.] No satisfactory explanation can be given for the acceleration and 
retardation observed during the course of single reactions, but the use of the initial slopes 
for calculating the velocity constants is justified by the fact that the catalytic constants 
thus obtained were independent of acid concentration over a ten-fold range. 

A complicating factor in the present work has been the invariable production of small 
amounts of iodine. The behaviour of the reaction in this respect was very erratic, and 
occasionally large quantities of iodine appeared without apparent cause. The amount 
formed was much greater in samples of anisole which had not been treated with ferrous 
sulphate, but no method of purification was found which would eliminate it entirely. 
Work in this laboratory by Mr. J. Wright has shown that, although solutions of N-iodo- 
formanilide in carbon tetrachloride and in benzene are stable, considerable quantities of 
iodine are formed on adding carboxylic acids to these solutions. It is thus very improbable 
that its formation in the present case can be attributed to impurities in the anisole. It 
is not, however, believed that free iodine represents an intermediate step in the normal 
rearrangement of N- to p-iodoformanilide. The irregularities in the amount of iodine 
formed are not reflected in the values of the catalytic constants, and initial addition of 
free iodine has little effect on the reaction velocity. Moreover, experiments on the rate 
of reaction between iodine and formanilide in anisole solution show that direct iodination 
takes place at least 1000 times too slowly to account for the observed rate of formation of 
p-iodoformanilide in the catalytic experiments. It seems therefore certain that the main 
reaction being studied is the direct migration of an iodine atom without the intermediate 
formation of free iodine: this conclusion is further supported by the fact that no free 
bromine is detectable in the allied transformation of N-bromoacetanilide under comparable 
conditions (cf. Bell, this vol., p. 1154). 

The nature of the side reaction responsible for the production of free iodine has not been 
elucidated, but it may well be 2C,H,-NI-CHO —~+> C,H;*N(CHO)-N(CHO)-C,H, + I,. 
Diformylhydrazobenzene has not been described, but Hodges (J., 1933, 240) isolated the 
brown diacetyl compound as one of the products of the photochemical decomposition of 
N-chloroacetanilide. In the present work, reaction mixtures in which a large quantity 
of iodine had been formed were slightly coloured after removal of iodine with thiosulphate, 
but we could not isolate any crystalline product other than p-iodoformanilide. 

The measured titres will, of course, include free iodine as well as unchanged N-iodo- 
formanilide, and should strictly be corrected to obtain the true rate of disappearance of 
the latter substance. In a few cases determinations of free iodine were carried out 
throughout the reaction and the corrected and uncorrected curves compared. Fig. 2 
shows such a comparison for the experiment with 0-00926N-dichloroacetic acid. The 
correction does not affect the initial rate by more than a few units %. In most cases the 
iodine production is still smaller, and the correction would be negligible. Inthe experiments 
with trichlorophenol and m-nitrobenzoic acid the iodine liberation is abnormally large, 
and the results for these two acids can only be regarded as approximate. 

The following table contains the mean values of the catalytic constants for the different 
acids, together with their dissociation constants in water (K,), and Fig. 3 shows a plot of 


Acid. Ka. a Acid. Ka. a. 
Dichloroacetic............ 5:1 x 10% 1:73 Benzoic .............0e00+-. 6°7 K 1075 0:353 
o-Nitrobenzoic............ 6°4 x 10° 1:31 Cinnamic .................. 3°7 x 1075 0°265 
Monochlcroacetic ...... 16 x 10° 1-07 Trimethylacetic ......... $6 x 10-* 0°425 
m-Nitrobenzoic ......... 3°5 K 10 0°646 2:4:6-Trichlorophenol 3-9 x 10-7 0°242 








1524 Emeléus and Jolley: 


log, 9% against log,,»K,y. A relation of the Brénsted type is obeyed approximately, the 
straight line in the figure corresponding to « = 3-63K{™. For the transformation of 
N-bromoacetanilide in chlorobenzene at 15° (Bell, Proc. Roy. Soc., 1934, A, 148, 377) 
the corresponding relation (converted into our present units) is « = 0-0075K{”. It was 
found for the latter reaction that change of solvent changes the reaction velocity by a 
factor of 10 at the most, and the work of Fontein (Thesis, ‘“‘ Intramoleculaire Omzettings- 
nelheden bij Arylacylhalogeenaminen,”’ Leiden, 1927; Rec. trav. chim., 1928, 47, 635) 
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shows that the nature of the aliphatic acyl group has little effect on the velocity of 
rearrangement of N-chloroacylanilides: hence the great increase in velocity in going 
from N-bromoacetanilide to N-iodoformanilide can be attributed chiefly to the change in 
the nature of the halogen atom. The corresponding decrease in the exponent of the 
Brénsted equation from 0-30 to 0-21 is qualitatively in accord with the picture of proton 
transfer proposed by Polanyi and Horiuti (Acta Physicochim. U.R.S.S., 1935, 2, 505) and 
by Bell (Proc. Roy. Soc., 1936, A, 154, 414), since if the substrate has a greater proton 
affinity, the corresponding potential-energy curve will be steeper and the exponent smaller. 


SUMMARY. 


1. The kinetics of the transformation of N- into p-iodoformanilide have been studied at 
25° in anisole solutions of mono- and di-chloroacetic, o- and m-nitrobenzoic, benzoic, 
cinnamic, and trimethylacetic acids and of trichlorophenol. 

2. The initial rate of transformation is directly proportional to the concentration of 
N-iodoformanilide and to the acid concentration. 

3. The formation of p-iodoformanilide is accompanied by small quantities of free iodine, 
which however appear to play no part in the main reaction. 

4. The catalytic constants of the acids studied bear a simple relationship to their 
dissociation constants in water. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. (Received, August 17th, 1936.] 





334. Kinetics of the Thermal Oxidation of Methylamine. 
By H. J. Emertus and L. J. JoLiey. 


THE oxidation of methylamine at 250—600° is a homogeneous reaction which yields a 
complex series of products consisting mainly of formaldehyde, carbon monoxide and 
dioxide, hydrogen cyanide, ammonia, and water (Jolley, J., 1934, 1957). The reaction is 
retarded by increase in the surface : volume ratio of the reaction vessel, and proceeds by a 
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chain mechanism. The pressure increase accompanying it has been shown to give a measure 
of the reaction rate, and the S-shaped pressure-time curve obtained is similar to that 
characterising the oxidation of hydrocarbons. 

We were led to extend these observations by the discovery that reproducible reaction 
rates could be obtained by washing the reaction vessel with dilute hydrofluoric acid between 
each series of experiments (Kowalsky, Sadovnikov, and Tschirkov, Phystkal. Z. Sovietunion, 
1932, 1, 451). This made it possible to obtain comparable kinetic data for the slow 
oxidation with varying mixture composition, pressure, and temperature, and to correlate 
these with the results of experiments on the explosive oxidation of methylamine. A basis 
for such a correlation is furnished by Semenoff’s theory of degenerate chain branching 
(‘‘ Chemical Kinetics and Chain Reactions,” 1935, p. 68), according to which the rate of a 
reaction in which degenerate branching occurs should be given by the expression 


py = ngeO- Pla /(§8— B) = AM. . . . . . (I) 


In this equation v is the reaction velocity at time ¢, m) is the rate of formation of initial 
active centres, 8 and @ are the respective probabilities of chain branching and chain 
breaking, and Ar is the time required for the development of one link in the chain. The 
variation of ¢ [= (8 — $)/Ar] with pressure, temperature, and composition of the reaction 
mixture should be given by 


TS sae a ee 


where y is the mol.-fraction of combustible gas in the mixture, and B, n, a, and C are con- 
stants. The transition from the slow to the explosive reaction should occur when the 
pressure exceeds a limiting value p, (Semenoff, op. cit., p. 86), the temperature dependence 
of which is given by 

ee i ee ee eee a 


Finally, the constants , C, and A’ in equations (2) and (3) should be connected by the 
expression 


ee ee ee 


It was with the object of testing the validity of the above theoretical relationships that the 
experiments described below were carried out. 


EXPERIMENTAL. 


Methylamine was prepared from the hydrochloride (Jolley, Joc. cit:). Oxygen was taken from 
a commercial cylinder and contained 0-5—1-0% of nitrogen, for which a correction was applied. 

The slow oxidation was studied at 330—390° in a 200-c.c. cylindrical silica bulb connected 
through 1l-mm. capillary tubing with a capillary mercury manometer. We have already 
described the electrically heated furnace and thermometer used (J., 1935, 929). The reactants 
were admitted to the evacuated silica bulb in the furnace from a 2-litre globe, which was kept 
in a thermostat and in which mixtures of known composition were made up manometrically. 
In earlier experiments (Jolley, Joc. cit.) the reaction vessel was cleaned with chromic-—nitric 
acid before each series of runs. The lack of reproducibility in the oxidation rates after such 
treatment was entirely avoided by using a 5% solution of hydrofluoric acid instead. Kowalsky, 
Sadovnikov, and Tschirkov (loc. cit.) obtained increased rates of oxidation of ethane when this 
method of cleaning was employed. We found no marked change in the rate, though the sub- 
sequent measurements of reaction rate were remarkably reproducible (to + 5% over the whole 
series of measurements). After the acid treatment, the reaction vessel was used for a series of 
experiments without further cleaning, apart from evacuation for at least 1 hour at 300—400° 
between successive runs. 

The pressure-time curve was studied for two sets of mixtures containing severally 30-8 and 
50-0% of methylamine, and for various temperatures and initial pressures. A typical series 
of curves for four different initial pressures at 344° and 30-8% of amine in the mixture is shown 
in Fig. 1. 

The total pressure of the reaction mixture increased continuously with time until the 
completion of the reaction, whereas the rate of pressure change increased with time up to 
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the moment of half-change and then diminished. The initial increase in rate follows an approx- 
imately exponential law, as may be shown by plotting log Ap against time over the range 10— 
45% of the total reaction, an approximately straight line being obtained; in Fig. 2 the data of 
Fig. 1 are so plotted. The reaction rate over this range is therefore represented by an expression 
of the form v = Ae*, in agreement with the theoretical equation (1). The curves in Fig. 1 for 
initial pressures of 252, 180, and 120-5 mm. can be superposed on that for an initial pressure 
of 328 mm. (Fig. 1) merely by altering their time scales in the ratios 0-804: 1, 0-635: 1, and 
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0-435 : 1 respectively (cf. Semenoff, op. cit., Chap. XII). This superposition on to the 328 mm. 
curve can also be extended to other pressure—time curves obtained at different temperatures 
and mixture compositions. Values of the ratio ¢/¢, by which the time scales must be changed 
are given in Table I: y is the mol.-fraction of methylamine in the gas mixture. The significance 
of this superposition is that to a first approximation the variation with reaction conditions of 
the factor A in the expression v = Ae# may be neglected in comparison with that of ¢. This 
appears to be fairly generally true in cases of hydrocarbon combustion so far examined from this 
standpoint. 


TABLE I. 

Initial Initial 
Temp. press., mm. y- $/do- Temp.  press., mm. y: }/de- 
335° 141-2 0°308 0°340 344° 96-0 0°50 0°437 
215°2 0°308 0°503 152-0 0°50 0°696 
284-0 0°308 0°682 184-0 0°50 0°764 
344 120°5 0-308 0°435 213°0 0°50 0°988 
180°0 0°308 0°635 237-0 0°50 1:044 
252°0 0°308 0°804 278-0 0°50 1-180 
328°0 0°308 1-000 293-0 0°50 1-210 
357 142-2 0-308 0°825 321-0 0°50 1-302 
241°5 0°308 1-430 358 112°5 0°50 0°780 
367°5 178°5 0°308 1°625 182°5 0°50 1:370 
207°0 0°308 1:800 260°5 0°50 1-980 
281-0 0°308 2-290 377 1040 0°50 1-670 
180°3 0°50 2°620 
279°0 0°50 3°720 
386 167°0 0°50 3°400 
221°0 0°50 4°450 


The values for ¢/¢, in Table I are based on Ap-—time curves similar to those in Fig. 1, but ob- 
tained at the temperatures and pressures shown. From these results the variation of ¢ with 
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pressure and temperature may be deduced. When log ¢/¢, is plotted against log p for each of 
the temperatures and mixture compositions examined (Table I), a series of approximately 
parallel straight lines is obtained which is shown in Fig. 3. The gradient (0-83) is the same for 
y = 0-50 and for y = 0-308, and the variation of ¢ with pressure is therefore given by the 
expression d = kp**8. The index 0-83 corresponds to the index m in equation (2). 

The variation of ¢ with temperature may be obtained from Fig. 3 by taking a line parallel to 
the log ¢/¢) axis and reading off the values of ¢/¢) for the various temperatures. Data for 
p = 224 mm. are given below : 


log 19 $/by vssee-eee 1-718 1-870 0105 0-281 1-988 0°220 0-491 0°644 
Y cssscsssseceessececseeee 0308 0308 0308 0308 0500 0°500 0500 0°500 
Temp. (°C.)  s.ecseeee 335° 344° 357° 367°5° 344° 358° 377° 386° 


On plotting these values of ¢/¢, against the reciprocals of the absolute temperatures, a good 
straight line is obtained for each value of y. The lines for the two values of mixture composition 
are almost parallel, and their mean gradient may be used to calculate C in equation (2); a 
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value of 15,000 is thereby obtained. The variation of ¢ with temperature and pressure may 
therefore be expressed by the equation ¢ = Bp™8%e-15,000/7, The value of C = 15,000 can now 
be used in testing equation (4) by studying the temperature dependence of the critical explosion 
pressure of methylamine—oxygen mixtures. This should give a relationship of the same type 
as equation (3), yielding a value of the constant A’ from which C can be calculated by applying 
equation (4). 

The Explosive Reaction.—The apparatus used in measuring the critical explosion pressures 
of methylamine-oxygen mixtures is similar to that described by Sagulin (Z. physikal. Chem., 
1928, B, 1, 275). It consisted of a spherical 100-c.c. Pyrex bulb A, connected with a mercury 
manometer. The bulb was heated in an electrical furnace, the temperature of which was con- 
stant to within + 1° over the space occupied by the bulb. A mixture of methylamine and oxygen 
of known composition was prepared manometrically and admitted into a second bulb B of approx- 
imately 100 c.c. capacity up to a measured pressure, the ratio of the volumes of A and B having 
been previously determined accurately. A wide-bore tap between A and B was then moment- 
arily opened, and the subsequent changes in pressure of the gas mixture in A were recorded until 
reaction was complete. Ignition was shown by a kick of the mercury meniscus. 

A series of experiments was made at temperatures between 400° and 600°. At each temper- 
ature there was found to be a limiting pressure (p,) below which ignition did not occur; this 
was determined in each case by trial. At pressures below ~, the normal slow reaction with 
increase of pressure was observed. When the initial pressure exceeded , the slow reaction 
started normally, but before it was completed the mixture exploded. Ignition occurred at an 
earlier stage the more the initial pressure was in excess of p,, and at about the instant of half- 
change (i.e., of maximum velocity) when the initial pressure was just greater than the limiting 
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Typical data for the determination of ~, are given in Table II. 


TABLE II. 
Mixture, CH,,NH,:O, = 1:1. Temperature = 500° + 1°. 
Deki, WAR.  ceevescascvdvetonccsbectate 50 52 53°5 55 57 57 
FERIOMOR os oss cocasscscncsconsessesece No No No No Yes Yes 
Prrsate TAM. cccccccccccccceccs 56 60 58 64 69 71 
Ap in explosion, mm. ..........+.++ — —_ — — 12 14 


The value of p, in this particular experiment lies between 55 and 57 mm., and in other experi- 
ments it was determined with a similar degree of accuracy. The less the initial pressure ex- 
ceeded p, the greater was the pressure change preceding the explosion, and the less the pressure 
change in the explosion. This is because a correspondingly lower proportion of the reactants 
is used up in the slow reaction, a conclusion supported by analytical data already published 
(Jolley, Joc. cit.). Explosions in mixtures containing more than 50% of oxygen were very much 
more violent than those in more dilute mixtures, and differed in appearance. An experiment 
in which an explosion had occurred tended to be followed by an explosion in the next experiment, 
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made ata different pressure. Similarly, absence of an explosion tended to suppress the explosion 
in subsequent experiments, even though the pressure exceeded ~,. The consequent lack of 
reproducibility was minimised by increasjng the efficiency of pumping between successive 
experiments, and experiments at pressures which produced an explosion and did not do so were 
alternated as far as possible. 

Values of p, were determined at a series of temperatures with five different ratios of amine 
to oxygen. The results for four mixtures are shown in Fig. 4. Those with an amine ratio of 
1 : 2-52 were similar, but are omitted for the sake of clarity. In this figure, the values of 
log,» P-/T are plotted against 1/7. For each mixture two straight lines are obtained inter- 
secting at a point corresponding to temperatures of 470—500°. The lines for different mixtures 
are very approximately parallel, and resemble results obtained by Sagulin (loc. cit.) for the 
explosions of mixtures of carbon disulphide, methane, ethane, propane, or pentane with oxygen, 
and for mixtures of chlorine or bromine with hydrogen. The results for ethane, propane, and 
pentane showed a discontinuity at 680° similar to that now observed with methylamine-oxygen 
mixtures. The linear relationship is in agreement with equation (3). The values of the con- 
stant A’ calculated on the natural logarithmic basis from the gradients of the curves above and 
below 490° are given below for different values of y. 

Ss eatiaaneeeicntiemmneriie nn 0°571 0-500 0°355 0-284 
A® (below 490°) ...... sce ceeceeeee ees 12,200 12,200 12,400 12,800 13,100 
A’ (above 490°) ........seeseeeeeees 9,320 9,320 9,420 9,780 9,320 
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In the low-temperature region there was a tendency for the value of A’ to vary with the con- 
centration of methylamine, but the effect was not marked. It is noteworthy that the values of 
A’ for amine-rich are the same as those for oxygen-rich mixtures, although the explosions were 
completely different in appearance in the two cases. No entirely satisfactory explanation has 
yet been given of the break in the log ~,/T-1/T graphs (cf. Sagulin, Joc. cit.). 





DISCUSSION. 


The value of A’ obtained from explosion data is 12,500 for temperatures between 400° 
and 490°, and 9400 for temperatures between 490° and 600°. Since the value of m, the 
index of # in the expression for the variation of ¢ with reaction conditions, has been found 
to be 0-83, the values of C obtained by applying equation (4) are 23,000 and 17,200 for the 
corresponding temperature ranges. The experimental value of 15,000, obtained from the 
variation of ¢ with temperature, is completely different from the first of these values and in 
rough agreement with the second. 

Other workers on hydrocarbon combustions have attempted the correlation of data 
for the slow and the explosive reaction on the basis of the Semenoff theory. In, ¢.g., the 
oxidation of methane, the value C = 46,000 was obtained for the slow reaction (Semenoff, 
op. cit., p. 299), whereas from direct explosion experiments, in the course of which the in- 
duction period was measured, the value C = 41,000 was obtained (Neumann and Egorov, 
Physikal. Z. Sovietunion, 1932, 1, 700). Here the agreement between data from the slow 
and the explosive reactions is good. For ethane, on the other hand, the slow reaction gave 
C = 19,000 (from data of Bone and Hill, Proc. Roy. Soc., 1930, A, 129, 434) and C = 21,000 
(Kowalsky, Sadovnikov, and Tschirkov, Joc. cit.). From the explosive reaction the values 
of C were approximately 34,000 (Sagulin, Joc. cit.) and 26,000 (Taylor and Riblett, /. 
Physical Chem., 1931, 35, 2667). Here the discrepancy is as pronounced as in the oxidation 
of methylamine. There are still other instances of a similar lack of agreement (cf. Semenoff, 
op. cit.). 

The basic assumption upon which equation (4) rests is that the incidence of explosion 
depends simply on the attainment by the slow reaction of a critical velocity. In complex 
reactions, such as those taking place in the oxidation of methylamine or ethane, complic- 
ating factors may well arise. In the case of, ¢.g., ethane, published curves (Semenoff, 
op. cit., p. 323) show that the explosion did not take place until the slow reaction was 
practically completed. It may, indeed, have been a subsequent reaction of one of the pro- 
ducts without any direct connection with the slow oxidation of ethane. Again, the 
reaction products may catalyse or retard the main reaction, in which case a modification 
of the simple theory would be necessary because the value of A in equation (1) would not be 
constant. The explosions of methylamine took place in a complex mixture of amine, 
carbon monoxide, and other intermediate oxidation products. In these circumstances it 
is not surprising that a theory developed for an idealised case is apparently not strictly 
valid when applied to a complex reaction. The best agreement between theory and our 
experiments was obtained at temperatures above 490°, a region in which complications due 
to incomplete oxidation and surface effects would be reduced. 


SUMMARY. 


(1) The rate of the slow thermal oxidation of methylamine at 330—390° is given by an 
expression of the form v = Ae*. 

(2) The variation of ¢ with pressure and temperature is given by ¢ = B’p%83g—15.000/7, 

(3) The critical explosion pressure, p,, of methylamine-oxygen mixtures is related to 
the absolute temperature by the expression log, p,/T = A’/T +B. The value of A’ is 
12,500 below 490° and 9300 above 490°. 

(4) Data for the slow and the explosive oxidation of methylamine are correlated by 


means of the theory of degenerate chain reactions. 


The authors are indebted to Imperial Chemical Industries Ltd. for a grant. 
IMPERIAL COLLEGE, Lonpon, S.W.7. (Received, August 25th, 1936.] 
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335. The Action of Amines on Esters of the Trichloronitrohydroxy- 
paraffins. 
By F. D. Cuattaway, J. G. N. Drewitt, and G. D. PARKEs. 


METHYLAMINE, ethylamine, and allylamine react with esters of the trichloro-«-nitro-8- 
hydroxyparaffins in the same manner as ammonia, aromatic amines, and hydrazines 
(Chattaway, this vol., p. 355). In every case the amino-residue attaches itself to the 
negatively substituted alkyl radical and replaces the acyloxy-group, with which the excess 
of amine forms a salt : 

R-CCl,°CH(O-COR’)-CH,’NO, — R-CCl,°CH(NHR”’)*CH,"NO, 


The secondary amines thus formed are relatively stable, pale yellow liquids which boil 
at comparatively high temperatures, under very low pressures, with little or no de- 
composition. They form stable well-crystallised hydrochlorides, and well-crystallised 
ureas with phenyl ssocyanate. 

883-Trichloro-8-nitro-y-acetoxybutane, 88e-trichloro--nitro-y-acetoxyhexane, and yyy- 
trichloro-a-nitro-f-acetoxy-«-phenylpropane (Chattaway, Drewitt, and Parkes, this vol., 
p. 1294) react similarly with amines and hydrazines, secondary amines or §-alkylaryl- 
hydrazines resulting. ’ 

In all the amines and hydrazines thus produced by the action of ammonia, amines or 
hydrazines on the above esters the amino- or hydrazino-residues introduced are less firmly 
attached to the negatively substituted carbon chain than in amines containing unsub- 
stituted alkyl groups and may be slowly removed by protracted heating with hydrochloric 
acid. For this reason in their preparation, after elimination of the excess of the reacting 
amine or hydrazine and acidification of the product, it is better to liberate the new amine 
or hydrazine formed by neutralisation rather than to evaporate the solution to dryness 
and isolate the base as the hydrochloride. 


EXPERIMENTAL. 


yyy-Trichloro-a-nitro-B-methylaminopropane, CCl,-CH(NH-CH;)-CH,*NO,.—15 G. (2 mols.) 
of a 33% solution of methylamine in anhydrous alcohol, cooled to — 10°, were added to a 
solution of 20 g. (1 mol.) of yyy-trichloro-«-nitro-B-acetoxypropane in 100 c.c. of alcohol, 
similarly cooled. The temperature rose immediately to 30°. After 24 hours, most of the alcohol 
was distilled off, and much water added; yyy-trichloro-a-nitro-8-methylaminopropane then 
separated as a heavy liquid. The mother-liquors were extracted several times with ether, the 
ethereal solution mixed with the previously separated base and dried over potassium carbonate, 
and the ether evaporated; the base distilled at 96°/3 mm. (yield, 80%) as a pale yellow liquid, 
my 15050 (Found: N, 12-4. C,H,O,N,Cl, requires N, 12-6%). 

The hydrochloride separated when a concentrated alcoholic solution of hydrogen chloride was 
added to an ethereal solution of the base. It crystallised from warm dilute aqueous-alcoholic 
hydrochloric acid in small, well-formed, colourless, four-sided, rhombic plates, which char and 
decompose at about 185° (Found: Cl as HCl, 13-7; total Cl, 54-9. C,H,O,N,Cl,,HCl requires 
Cl as HCl, 13-8; total Cl, 55-0%). 

yyy-Trichloro-a-nitro-8-phenylcarbamylmethylaminopropane was prepared by refluxing the 
base (1 mol.) with phenyl isocyanate (1 mol.) in dry benzene solution. It formed colourless, 
well-shaped, rhombic plates from alcohol, m. p. 130° (Found : Cl, 31-5. C,,H,,0O,N,Cl, requires 
Cl, 31-3%). . 

By methods similar to the above, the following amines, hydrochlorides, and ureas were 
prepared. 

yyy-Trichloro-a-nitro-8-ethylaminopropane, a pale yellow liquid, b. p. 106°/2 mm., np 1-4967 
(Found : N, 11-8. C,;H,O,N,Cl, requires N, 11-9%). Hydrochloride, small, colourless, irregular 
plates from dilute aqueous-alcoholic hydrochloric acid, m. p. 146° (Found: Cl as HCl, 13-1; 
total Cl, 52-3. C;H,O,N,Cl,,HCl requires Cl as HCl, 13-1; total Cl, 52-2%). Phenyicarbamyl 
derivative, colourless, elongated, six-sided prisms from alcohol, m. p. 121° (Found: Cl, 29-9. 
C,,.H,,0,N,Cl, requires Cl, 30-0%). 
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yyy-Trichloro-a-nitro-B-allylaminopropane, a pale yellow liquid, b. p. 106°/2 mm., mp 1-5100 
(Found: N, 11-2. C,H,O,N,Cl, requires N, 113%). It decomposes explosively on attempted 
distillation at higher temperatures and pressures. Hydrochloride, colourless, flattened, rhombic 
prisms from dilute aqueous-alcoholic hydrochloric acid, m. p. 141° (decomp.) rapidly heated 
(Found: Cl as HCl, 12-6; total Cl, 50-0. C,H,O,N,Cl,,HCl requires Cl as HCl, 12-5; total Cl, 
50-0%). A solution of this salt in dilute hydrochloric acid darkens and decomposes when 
heated. Phenylcarbamyl derivative, slender, colourless, flattened prisms from alcohol, m. p. 
124° (Found: Cl, 29-2. C,,;H,,0O,;N;Cl, requires Cl, 29-1%). 

yy8-Trichloro-a-nitro-B-methylamino-n-pentane, colourless, six-sided prisms from alcohol, 
m. p. 68°, b. p. 110°/2 mm. (Found: Cl, 42-6. C,H,,O,N,Cl, requires Cl, 42-7%). Hydro- 
chloride, colourless, six-sided, rhombic plates, m. p. 172° (Found: Cl as HCl, 12-5; total Cl, 
49-8. C,H,,O,N,Cl,,HCl requires Clas HCl, 12-4; total Cl, 49-7%).. Phenylcarbamyl derivative, 
clusters of long, colourless needles from alcohol, m. p. 186° (decomp.) (Found: Cl, 28-8. 
C,3H,,0,N;Cl, requires Cl, 28-9%). 

3-Trichloro-a-nitro-B-ethylamino-n-pentane, a pale yellow liquid, b. p. 115°/0-7 mm. (slight 
decomp. and liberation of hydrogen chloride, since a slight residue of the hydrochloride of the 
base remains in the distilling flask) (Found: N, 10-2. C,H,,;0,N,Cl, requires N, 10-6%). 
Hydrochloride, small, colourless, irregular plates, m. p. 120° (Found: Cl as HCl, 11-7; total 
Cl, 47-0. C,H,,0,N,Cl,,HCl requires Cl as HCl, 11-8; total Cl, 47-1%). Phenyicarbamyl 
derivative, long, slender, colourless, flattened prisms from alcohol, m. p. 140° (Found: Cl, 
27-7. C,gH,g0,;N;Cl, requires Cl, 27-8%). 

yy8-Trichloro-«-nitro-B-allylamino-n-pentane, a pale yellow liquid, b. p. 116°/0-5 mm. 
(some decomp.). As a result of this decomposition it was found impossible to isolate the base 
in a pure state. Hydrochloride, colourless, four-sided, rhombic plates, m. p. 140° (decomp.) 
rapidly heated (Found : Cl as HCl, 11-5; total Cl, 45-8. C,H,,0,N,Cl,,HCl requires Cl as HCl, 
11-4; total Cl, 45-5%). 

The Action of Ammonia and Amines on yyy-Trichloro-«-nitvo-B-p-nitrobenzoyloxypropane.— 
With p-nitrobenzoyl chloride, yyy-trichloro-«-nitro-$-hydroxypropane yields yyy-irichloro-a- 
nitro-8-p-nitrobenzoyloxypropane, which crystallises from boiling alcohol in pale yellow, six-sided 
prisms, m. p. 87° (Found: Cl, 29-5. C,,H,O,N,Cl, requires Cl, 29-8%). This reacts with 
ammonia, methylamine, or ethylamine like the corresponding acetoxy-compound, the p-nitro- 
benzoyloxy-group being replaced by the NHR group. The procedure being essentially the same 
in each case, the experimental details are given only for the reaction with methylamine. 

2 G. (1 mol.) of the ester were suspended in 30 c.c. of alcohol, and 2 g. (3-5 mols.) of a 33% 
solution of methylamine in anhydrous alcohol added; the temperature rose about 10°. The 
suspended ester slowly dissolved and a new, almost colourless, crystalline solid separated. After 
2 days the mixture was heated on a water-bath for 10 minutes. On cooling, methylamine 
p-nitrobenzoate (m. p. and mixed m. p. with an authentic specimen 207°) separated. This was 
filtered off and to the mother-liquor water was added : the clear solution obtained was extracted 
several times with small quantities of ether. After drying (potassium carbonate), the ether 
was evaporated ; a pale yellow liquid (1 g.) remained, identical with the yyy-trichloro-«-nitro-8- 
methylaminopropane prepared from the corresponding acetic ester (Found for the hydro- 
chloride: Cl as HCl, 13-9; total Cl, 55-2%). 

The Action of Amines upon 888-Trichloro-B-nitro-y-acetoxy-n-buiane, $8¢-Trichloro-B-nitro-y- 
acetoxy-n-hexane, and yyy-Trichloro-x-nitro-B-acetoxy-a-phenylpropane.—The procedure employed 
is very similar to that previously described. 

883-Trichloro-B-nitro-y-methylamino-n-buiane, obtained from the corresponding acetoxy- 
derivative and methylamine, was a pale yellow liquid, b. p. 94°/0-5 mm. (Found: N, 11-6. 
C,;H,O,N,Cl, requires N, 11-9%). Hydrochloride, small, colourless, four-sided plates, m. p. 
194° (Found: Cl as HCl, 13-2; total Cl, 52-3. C,H,O,N,Cl,,HCl requires Cl as HCl, 13-1; 
total Cl, 52-2%). 

83e-Trichloro-f-nitro-y-methylamino-n-hexane, a pale yellow liquid, b. p. 109°/0-3 mm., 
formed a hydrochloride, small, colourless, four-sided, rhombic plates, m. p. (rapidly heated) 
about 200° (Found: Cl as HCl, 12-0; total Cl, 47-5. C,H,,0,N,Cl,,HCl requires Cl as HCl, 
11-8; total Cl, 47-3%). 

888-T richloro-B-nitvo-y-p-toluidino-n-butane crystallised from light petroleum in slender, 
lemon-yellow, six-sided prisms, m. p. 99—100° (Found: Cl, 34:3. C,,H,,0,N,Cl, requires Cl, 
34:2%), and 88e-trichloro-B-nitro-y-p-toluidino-n-hexane in pale yellow, rhombic prisms, m. p. 
82° (Found: Cl, 31-3. C,,;H,,O,N,Cl, requires Cl, 31-4%), yyy-trichloro-a-nitro-B-p-toluidino-a- 
phenylpropane from methy] alcohol in small, pale yellow, rhombic plates, m. p. 121—122° (Found : 
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Cl, 28-4. C,gH,,O,N,Cl, requires Cl, 28-5%), and 888-trichloro-B-nitro-y-phenylhydrazino-n- 
butane from alcohol in very pale yellow, slender prisms, m. p. 108—109° (Found: Cl, 34-2. 
Cy9H,,0,N;Cl, requires Cl, 34-1%). On exposure to air this hydrazine becomes bright yellow, 
presumably owing to the formation of an azo-compound. yyy-Trichloro-«-nitro-B-phenyl- 
hydvazino-a-phenylpropane formed pale yellow, thin, four-sided, rhombic plates from alcohol, 
m. p. 155° (decomp.) (Found: Cl, 28-6. C,,H,,0,N,Cl, requires Cl, 28-4%). 


Tue Dyson PERRINS LABORATORY, OXFORD. [Received, August 4th, 1936.] 





336. Dipole Moments and the Fixation of Aromatic Double Links : 
Bromohydrindenes and Bromotetralins. 


By NeEvit V. SipGwick and Harotp D. SpRINGALL. 


MILLs and NIxon (J., 1930, 2510) pointed out that if benzene consists of a system of 
alternate single and double links, then the external valencies will not be directed towards 
the centre of the hexagon; and hence the side ring in hydrindene (I) will be less strained if 
the link common to the two rings is single, while in tetralin (II) there will be less strain if 
the common link is double. They further showed that the chemical reactivity of certain 


Br CH, Br CH, 
CH, = 
B 


Go To 
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hydroxy- and acetamido-hydrindenes and -tetralins, in bromination and in coupling with 
diazo-compounds, was in accordance with the fixation of the double links in these positions. 

It seemed possible to obtain evidence for or against this view by measuring the dipole 
moments of 5 : 6-dibromohydrindene (1) and 6 : 7-dibromotetralin (II); this we have done, 
and the results obtained agree with the assumption that there is fixation of the double 
links in hydrindene but not in tetralin. On the Mills-Nixon hypothesis the angles between 
the C—Br valencies in these two compounds (I) and (II) should differ, and hence the moments. 
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of the systems should also differ, by an amount which canbe calculated within narrow 
limits, and which should be easily detected experimentally. On the van ’t Hoff model the 
spatial arrangement of the free bonds in the system >C—C< is planar, with the angles 
(see III) 8 = y = 125-25°, and « = 109-5°. When y is the angle of the aromatic ring it is 
reduced to 120°, so that « + 8 is increased by 5-25°. We do not know how this increase is 
distributed between « and 8, but the extreme limits are (a) when it all goes to «, and (0) 
when it all goes to 8. On hypothesis (a) we get « = 114-75° and 8 = 125-25°, and on 
hypothesis (6) « = 109-5° and 8 = 130-5°. The diagram (IV) shows the possible limits. 
(Since the opposite sides of the hexagon must be parallel, the fact that the double links are 
some 10% shorter than the single will not affect the conclusion.) 

The angle @ between the two ortho-linkages separated by a double C—C link is equal 
to 28 — 180° and hence is 70-5° on hypothesis (a), and 81° on (6): while the angle ¢, where 
the C—C link is single, is 2x — 180°, and so ranges from 49-5° for (a) to 39-0° for (b). The 
dipole moment of the o-dibromo-system is given by 


tom Sn, comb/S ww ew tt wie co, 


where p, is the moment of the C—Br link in the compound, and ¢ is the angle between the 
valencies. 

The moment of bromobenzene is 1-52 D (Tiganik, Z. physikal. Chem., 1931, B, 18, 425). 
In all ortho-dihalogen-substituted benzenes it is found that (presumably owing to mutual 
polarisation) the observed moment is about 20% less than that calculated on the simple 
vector model with all the valency angles 120°. Thus the moment of o-dibromobenzene is 
2-12 D (see below) while the calculated value is 2-63. Hence the value to be taken for p, 
is 152 x 0-8 = 1-22 D. With this value for p,, equation (1) gives as the moment of the 
Br-C-C-Br group in the dibromo-hydrindene derivative the limits (a) 1-99 to (b) 1-84, and 
for the tetralin derivative (a) 2-21 to (5) 2-30 D, a difference of from 0-22 to 0-46. The total 
moment of each of these compounds is the sum of that of the parent hydrocarbon and that 
of the Br-C-C-Br group, together with the moment due to the induced polarisation of 
the side-ring system by the moment of the Br-C-C-Br system. Hence the moments of 
these parent hydrocarbons were measured, and further, those of their monobromo-deriv- 
atives, and also those of 4-bromo- and 4 : 5-dibromo-o-xylene (that of o-xylene is already 
known). These values should indicate whether any abnormal variation occurs in these 
ring-systems, which might destroy the force of the argument from the difference of the 
moments. 

The values of the induced polarisation are calculated by the methods of Smallwood and 
Herzfeld (J. Amer. Chem. Soc., 1930, 52, 1919) and Frank (Proc. Roy. Soc., 1935, A, 152, 
171) as elaborated by Hampson and Weissberger (this vol., p. 393) ; in this last paper the 
method as applied to the chlorinated naphthalenes gives results in good agreement with 
experiment. 

The moment set up through the polarisation induced in a polarisable medium by a per- 
manent dipole », may be resolved into two components, one ji,, along the line of the in- 
ducing dipole; and the other, ¢,, perpendicular to this line. 


_e+2 3 cos*® — 1 , e+2 3 sin® cos6 
Mg ge ey Pog ge De 


¢ is the dielectric constant of the polarisable medium, .e., the side system; the value 
taken for the tri- and tetra-methylene group is 2-016, the observed value for cyclohexane : 
for the dimethyl group in o-xylene, a value of 2-00 is used. 

« is the polarisability of the side system in the plane of the ring, assumed equal 
along the x and y axes. This is calculated for the tri- and tetra-methylene side-ring 
groups from the electron polarisation and depolarisation data for cyclohexane (Hampson 
and Weissberger, Joc. cit.). For each of the methyl groups of o-xylene, spherical 
symmetry is assumed. 

r, the distance of the dipole from the centre of polarisation, and 0, the inclination of 
r to the dipole axis, are both taken from geometrical models. The distances used were 
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Cy —Cy,, 1:54 A.; Corom—Carom,, 1°42 A.; radius of Br atom 1-13 A. The reduced ring 
in tetralin was treated as planar, since this introduces no sensible error. 


TABLE I. 
Inducing a, 
Type. moment. y, A. 0. c.c. x 10°% €. He fly: 
CH, pr 
CH, 1-52 51 19° 07988 2-016 0-10 0-05 
CH, 
H, 
H, 1°52 4°85 18 0°6013 2-016 0°09 0°05 
‘ys 
H, 
Me. A /8r 
ss 1°52 4°44 17 0°2294 2-00 0-07 0°04 


The results of the induced moments in the side-systems of the dibromo-derivatives are 
obtained by compounding the separate moments induced by the two separate C—Br 
linkages, and correcting for the 20% deficit in the actual compared with the theoretical 
inducing moment. Owing to the symmetry of the systems there is no component of in- 
duced moment perpendicular to the line of the inducing moment. The induced moments 
are 0-18 D for 6 : 7-dibromotetralin, 0-17 for 5 : 6-dibromohydrindene and 0-14 for 4: 5- 
dibromo-o-xylene. 

The results of applying this method of correction to the monobromo-derivatives are 
given in Table II, in which the moments observed for these compounds are compared with 
those calculated from the observed moments for the parent hydrocarbons; the inducing 
moment, 1-52 D (the value of » for C—Br in bromobenzene) ; and the induced moments. 


TABLE II. 
Monobromo-derivatives. 
“ao of Induced moment. Total resultant moment. 
Type. hydrocarbon. fie fay: Calc. Obs. 
TEE atadidhernnasithestadamanicanein 0°52 0°10 0°05 2°13 2°23 
PRR els ore oe 0°53 0°09 0°05 2°08 2°15 
OPER GUND 6 addi cddddchchbbeepidctlin. 0°59 * 0°07 0°04 2-10 2°07 


* Tiganik, Z. physikal. Chem., 1931, B, 18, 425. 


The agreement between the last two columns shows the accuracy of the method of 
correction adopted, and also indicates that there is nothing abnormal in the behaviour 
of the hydrindene compound. 

In Table III are given the results for the dibromo-derivatives. For the Br—C—C-Br 
system the “‘ observed ’’ moment is that of the dibromide minus the sum of that of the 
parent hydrocarbon and the induced moment; the “‘ calculated ” values are those derived 
from the Mills—Nixon theory for fixation of the double links, on the limiting hypotheses 
for the valency angles described above. If there is no fixation, the moment of the 
Br-C-C-Br system should be 2-12 D throughout. 


TABLE III. 
Moment of Br—C—C-Br. 
. Moment of Moment of Induced Obs. Calculated. 
Type. hydrocarbon. dibromide. moment. (a). — (0). 
IN osc nivannionannkieens 0°53 2°48 0°17 1-78 1-99 1°84 
DET : shinicnbeunminonassemamens’ 0°52 2°81 0°18 2-11 2°21 2°30 
GME osticciupedcvecdssectetgnot 0°59 2°86 0°14 2°13 No fixation 
hi is ikebcdss et Pdceess 2°12 0 2°12 No fixation 
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It will be seen that the moments of the Br-C-C-Br system in the dibromotetralin and 
the dibromo-o-xylene are the same and are equal to that found for o-dibromobenzene ; 
on the other hand, in the dibromohydrindene the moment is 0-34 D lower than the mean 
value of 2-12 D found in the above compounds, and is only 0-06 D lower than the lower 
limit calculated on the Mills—Nixon hypothesis. 

The suggestion that the strain in the 5-membered ring may cause an abnormal value 
of the electron polarisation, or refractive power, is negatived by the observation that the 
increase in this in going from the 5- to the 6-ring (due to the extra CH,) has very nearly 
the theoretical value of 4-71 c.c. (for the H, line at 20°), being 4-24 for the parent hydro- 
carbons, 4-32 for the monobromo-derivatives, and 5-02 for the dibromo-derivatives (for 
the Hg green line at 25°). 

To bring the moment of dibromohydrindene up to the value (2-81 D) of the tetralin 
compound, we should have to assume that the electronic and atomic polarisations together 
only amounted to 19-4 c.c., whereas the refractivity gives for the electronic polarisation the 
value of 52-4 c.c., in close agreement with the theoretical value. 

The suggestion is further negatived by the smallness of the difference between the 
moments of the parent hydrocarbons, and the agreement between calculation and observ- 
ation in Table IT. 

Thus the observed moment of the dibromohydrindene agrees very closely with that 
required by the Mills—Nixon theory, and there are no indications that this can be due to 
any other cause than an increase in the valency angles of the Br-C-C-Br system. The 
whole problem of the fixation of links in aromatic systems is so complicated * that we do 
not wish to do more than offer a contribution to the evidence on the subject. It should 
be noticed that evidence from dipole moments is of a different kind from that derived 
from reactivity, such as was given by Mills and Nixon. In the latter, a relatively smail 
difference in the heat of activation between two molecules may produce a large change in 
the rate of reaction, as was pointed out by Sutton and Pauling (Trans. Faraday Soc., 
1935, 31, 939), who concluded that a difference of 6% in the ratio of the coefficients (7.¢., 
in the predominance) of the two Kekulé forms was enough to account for the experimental 
results of Mills and Nixon. The moments, on the other hand, express the mean positions 
of the atoms in the resting molecule, and our results certainly seem to indicate that the 
difference found is exactly what is required for the fixation of the links in hydrindene, and 
free resonance in tetralin and o-xylene. 


EXPERIMENTAL. 


The dipole moments were determined in benzene solution at 25° by the refractivity method, 
using the heterodyne apparatus for the measurement of dielectric constant as described by 
Sutton (Proc. Roy. Soc., 1931, A, 188, 668), Hampson, Farmer, and Sutton (ibid., 1933, A, 
143, 147), Jenkins (J., 1934, 481), and Jenkins and Sutton (J., 1935, 609). 

The published values of the moment of o-dibromobenzene (see Tvans. Faraday Soc., 1934, 
30, Appendix) do not wholly agree; this was therefore redetermined; the value we obtained 
(2-12 D) agrees with that of Tiganik (Joc. cit.). 

Preparation of Materials—The bromohydrindenes were made by acetylating hydrindene 
in the 5-position, converting the product into its oxime, and then through the Beckmann 
transformation into the acetamido-compound : this by hydrolysis and the Sandmeyer reaction 
gives the 5-bromo-derivative. The acetamido-compound is also converted into its 6-bromo- 
derivative and so into 5: 6-dibromohydrindene. The bromotetralins were made in a similar 
way; 6-acetamidotetralin was (1) converted into 6-bromotetralin, and (2) nitrated in the 7- 
position, the acetamido-group replaced by bromine, and the nitro- reduced to the amino-group, 
and this replaced by bromine. 

Benzene. Hopkin and Williams’s thiophen-free material was frozen out four times, refluxed 
over phosphorus pentoxide, and distilled in a current of dry air into a receiver from which it 
could be pumped for immediate use. 


* See, for example, the crystal structure of cyanuric triazide (Knaggs, Proc. Roy. Soc., 1935, 150, 
576) and of p-dinitrobenzene (James, King, and Horrocks, ibid., 1935, 158, 225). Cf. Aun. Reports, 
1935, 32, 232. 
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Sx 
0°037161 
0°025791 
0020657 
0°012468 


0°036909 
0-028928 
0°021790 
0°015267 


0°041656 
0-024671 
0°022601 
0°010568 


0°021244 
0°014170 
0°013946 
0°0092396 


0°038226 
0°021038 
0°010581 
0°010594 


0-029588 
0°019587 
0°022354 
0°018459 


0°025135 
0°017519 
0°014315 
0°011364 


0°024062 
0°020451 
0016012 
0°010365 


0-031198 
0°02559. 
0°02003 
001040 


d,. 
0°87652 
0°87570 
0°87510 
0°87439 


0°8773 
0°8765 
0°8757 
0°8752 


0°9024 
0°8913 
0°8898 
0°8812 


0°89123 
0°88546 
0°88541 
0°88144 


0°90468 
0°89095 
0°88264 
0°88255 


0°9166 
0°90225 
0°9060 
0°9006 


0°91019 
0°89936 
0°89454 
0°89031 


0°9122 
0°9066 
0°8992 
0°8901 


0°9261 
0°9164 
0°9077 
0°8916 


Hydrindene. 
€. n?, 
2°29725 2°26315 
2°28959 2-26120 
2°28599 2°26043 
2°28072 2°25924 
wre = 56 cc. p = 0°53 D. 
Tetralin. 
2°30105 2-26309 
2°29556 2°26182 
2°28863 2°26061 
2°28404 2°25961 
wre =S52cc. p = 0°52 D. 
4-Bromo-o-xylene. 
2°50831 2°26645 
2°41802 2°26516 
2°40631 2°26200 
2°33564 2°25969 
ato = 886 c.c. p = 2°07 D. 
7-Bromotetralin. 
2°42537 2°26505 
2°37850 2°26197 
2°37431 2°26117 
2-34092 2°26001 
oP: = 1054 c.c. pw = 2°23 D. 
6-Bromohydrindene. 
2°52725 2°26962 
2°41145 2°26746 
2°34349 2°26055 
2°34596 2°26056 
oP, = 94°42 c.c. pw = 2°15 D. 
o-Dibromobenzene. 
2°4756 2-26661 
2°4063 2°26639 
2°4250 2°26613 
2°3987 2°26095 
ore = 936 c.c. p = 2°12 D. 
4 : 5-Dibromo-o-xylene. 
2°5704 2°26808 
2°4806 2°26547 
2°4441 2°26386 
2°4087 2°26197 
whe = 17056 c.c. p = 2°86 D. 
5 : 6-Dibromohydrindene. 
2°50024 2°27042 
2°46612 2°26850 
2°24241 2°26590 
2°37012 2°26293 
wfo = 1300 c.c. pw = 2°48 D. 
6 : 7-Dibromotetralin. 
2°6501 2-2806 
2°5823 2°2763 
2°5144 2°2721 
2°3971 2°26505 
ote = 163°lcc. pw = 2°81 D. 


Fy 
48°50 
47°23 
47°30 
47°00 


54°73 
53°85 
53°10 
51-01 


122-23 
125°91 
126°42 
128°22 


149°72 

151°505 
152°467 
153-598 


136716 
136°65 
138°45 
138°48 


132-78 
133°32 
133°25 
133°54 


210°43 
211°86 
216°15 
216°94 


178-2 
179°2 
179°8 
180°9 


213°6 
216-0 
216°6 
218°5 


Ps 
41-416 
41-139 
40°861 
41-230 


45°82 
44°98 
45°53 
45°38 


44°17 
45°91 
44°36 
45°42 


51°88 
51°62 
50°46 
49°98 


46°63 
46°18 
46°48 
46°48 


40°37 
42°59 
41°86 
40°99 


52°55 
52°57 
52°44 
53°70 


57°34 
57°78 
57°04 
56°69 


Dipole Moments and the Fixation of Aromatic Double Links, etc. 


Hydrindene. Pure indene is reduced in dry methyl-alcoholic solution, in the presence of 


palladised strontium carbonate under a pressure of 45 lb. per sq. inch of hydrogen. 


The 


hydrindene is distilled at 73° under 13 mm.; b. p. 177°/760 mm. Perkin (J., 1896, 69, 1249) 


gives 177°. 
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Tetralin. Technical tetralin is dried over calcium chloride and distilled. The fraction, 
b. p. 91°/17 mm., is used; von Auwers (Ber., 1913, 46, 2990) gives b. p. 90-8—91-2°/17 mm. 

4-Bromo-o-xylene. This is prepared by the direct bromination of o-xylene (Jacobsen, Ber., 
1884, 17, 2372). It distils (a colourless oil) at 92°/12 mm. and at 215°/760 mm. (Jacobsen 
gives b. p. 214°). 

5-Bromohydrindene. 5-Acetamidohydrindene is prepared by the method of Borsche and 
Bodenstein (Ber., 1926, 59, 1912); m. p. 108° (Borsche gives m. p. 108°). This is hydrolysed to 
the amine and subjected to the Sandmeyer reaction with cuprous bromide in a manner analogous 
to that given for the conversion of p-toluidine into p-bromotoluene (‘‘ Organic Syntheses,” 
New York, 1923, 5, 21). The 5-bromohydrindene distils (a colourless oil) at 107°/11‘5 mm. 
(Borsche and Bodenstein give b. p. 113—114°/16 mm.). 

6-Bromotetralin. 6-Acetamidotetralin is prepared by the method of Scharwin (Ber., 1902, 
35, 2513), but using a mixture of acetic acid and acetic anhydride saturated with hydrogen 
chloride as the medium for the Beckmann oxime rearrangement; m. p. 106—107° (Scharwin 
gives m. p. 107°). This is hydrolysed to the amine and subjected to the Sandmeyer reaction as 
with 5-bromohydrindene. The 6-bromotetralin distils (a colourless oil) at 121-5°/10 mm. and 
at 239°/760 mm. (Smith, J., 1904, 85, 729, gives b. p. 238°). 

4 : 5-Dibromo-o-xylene. This is prepared by the direct bromination of 4-bromo-o-xylene, 
m. p. 88° (Jacobsen, Ber., 1884, 17, 2376, gives m. p. 88°). 

5 : 6-Dibromohydrindene. 6-Bromo-5-aminohydrindene is prepared by the method of 
Borsche and Bodenstein (loc. cit.); m. p. 41—42° (Borsche and Bodenstein give m. p. 42°). 
This is subjected to the Sandmeyer reaction with cuprous bromide (as above). The 5: 6-di- 
bromohydrindene is distilled at 142—144°/10 mm., and solidifies in the receiver. It is recrystal- 
lised from ethyl alcohol at 0°; colourless plates, m. p. 76—77° (Found: Br, 58-12. C,H,Br, 
requires Br, 57-96%). 

6 : 7-Dibromotetralin. 6-Acetamidotetralin is prepared as above. From this, 7-nitro- 
6-aminotetralin is prepared by the method of Schréter (Annalen, 1921, 426, 66); m. p. 125° 
(Schréter gives m. p. 124-5—126°). The separation of 7-nitro-6-acetamidotetralin from the 
simultaneously formed 5-nitro-compound is very laborious. It was found desirable to rub the 
tarry product obtained from the nitration of 6-acetamidotetralin with small quantities of alcohol 
to remove some of the tar, before proceeding to recrystallisation from alcohol. From this, 
according to Vesely and ChudoZilov (Bull. Soc. chim., 1925, 37, 1440), 6-bromo-7-nitrotetralin 
is prepared; m. p. 50° (Vesely gives m. p. 50—51°). This is reduced to 6-bromo-7-aminotetralin, 
by stannous chloride and hydrochloric acid, and the bromoamine is subjected to the Sandmeyer 
reaction with cuprous bromide (as above). The 6: 7-dibromoteiralin distils at 164°/10 mm., 
and solidifies in the receiver. It is recrystallised from ethyl alcohol at 0°. Pale yellow plates, 
m. p. 54—55° (Found: Br, 55-23. C,,H,)Br, requires Br, 55-18%). 

o-Dibromobenzene. This is prepared from o-bromoaniline (m. p. 31°; Hiibner and Alsberg, 
Annalen, 1870, 156, 317, give m. p. 31°) by the Sandmeyer reaction with cuprous bromide. It 
distils, a colourless oil, at 96°/11 mm. (Hoileman, Rec. trav. chim., 1906, 25, 191, gives b. p. 
104°/15 mm.). 


We wish to express our gratitude to Prof. R. Robinson for suggesting the methods of synthesis 
adopted, and for his help in carrying them out. We are indebted to Dr. G. C. Hampson for his 
assistance in the calculation of dipole induction. 

We are also grateful to Imperial Chemical Industries for a grant towards the cost of the 
work, and one of us (H. D. S.) to Magdalen College for a Senior demyship and to the Department 
of Scientific and Industrial Research for a grant. 
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337. Alkaloids from Solanum Pseudocapsicum, L. 
By G. BarGER and H. L, FRAENKEL-CoNRAT. 


TuIs paper is an outcome of the participation of one of us in the South African meeting 
of the British Association in 1929, when Professor J. M. Watt of Johannesburg drew his 
attention to the poisonous properties of the “‘ winter cherry,” introduced into South Africa, 
and now wild there. M. Breyer-Brandwyk in Professor Watt’s laboratory obtained from 
5F 
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this plant an amorphous alkaloid (Bull. Sci. Pharmacol., 1929, 36, 542) which has a depres- 
sant effect on the heart (Watt, Heimann, and Epstein, Quart. J. Pharm., 1932, 5, 649). 
We are greatly indebted to Professor Watt for a supply of the leaves, collected near 
Johannesburg; from these one of us with E. Schlittler obtained a crystalline alkaloid, for 
which the name solanocapsine is now suggested, together with an amorphous base, which 
may be called solanocapsidine. Dr. Schlittler’s preliminary observations have been 
generously placed at our disposal and are here incorporated. Whether, like other Solanum 
species, S. pseudocapsicum contains a gluco-alkaloid, remains doubtful; none could be 
isolated, although after treatment with 2N-hydrochloric acid on the water-bath the solution 
of the crude alkaloid gave reactions for carbohydrates (Molisch) and for pentoses; no sugar 
derivative could be obtained. It is conceivable that these two bases (and particularly 
solanocapsine) are secondary products, formed during isolation, and are not present as such 
in the plant. Solanocapsine has the formula C,;H,,O,N, or CygH,,O,N.; we have related 
our analyses to the higher homologue. A formula with more hydrogen, ¢.g., Cg;H,,O.No, 
is less likely on theoreticai as well as on analytical grounds, for it does not allow of the 
requisite number of rings (see below). Solanocapsine was used for a number of mild 
degradations, but insufficient material was available for selenium dehydrogenation, which 
was carried out on the amorphous and more abundant solanocapsidine. The latter has a 
very similar formula, probably C,,H,,O,N., and, assuming a similarity of structure in the 
two alkaloids, we have applied the results of the selenium dehydrogenation to solanocap- 
sine, which enables us to suggest an outline of its constitution. There are still many gaps, 
which may be filled when more material becomes available. 

Solanocapsine reacts with two equivalents of nitrous acid; an imino-group acquires 
a nitroso-group, and an amino- is converted into a hydroxyl group, probably the one 
originally present is eliminated as water, and the resulting substance has acquired a double 
bond. Solanocapsine shows three active hydrogens at room temperature and four at 95°, 
the fourth being one of those in the amino-group. Since the imino-group accounts for one 
and the amino-group for one (or two) of the three (or four) active hydrogens, there is also 
present one hydroxyl group. On heating with acetic anhydride, solanocapsine yields a 
neutral diacetyl derivative, in which the hydroxy] is not acetylated, and since this group is 
moreover readily eliminated with a hydrogen atom and formation of a double:bond (not 
present in the original alkaloid), we conclude that the hydroxyl group is tertiary. This 
elimination of water, resulting in aposolanocapsine, is easily brought about by boiling 
alkali; nitrous acid converts aposolanocapsine into the same nitroso-compound as is 
formed from solanocapsine. 

The function of the second oxygen atom could not be determined; no evidence of a 
carbonyl or alkoxy-group could be obtained and hence we conclude that this oxygen 
atom is a member of a heterocyclic ring. Solanocapsine very readily condenses with 
acetone and the resulting compound, which is still basic, shows only one active hydrogen 
atom, whether at room temperature or at 95°; this hydrogen atom therefore belongs to the 
imino-group. Acetylation of the acetone compound results in monoacetyl solanocapsine, 
in which the acetyl is attached to the imino-group; acetone is split off by the acetic acid 
formed during isolation of the product. 

The double bond of the readily purified nitroso-compound has been utilised as a 
point of attack by permanganate. Apart from a neutral oxidation product which still 
seems to contain all the original carbon atoms, there was obtained an amphoteric acid, 
C,;H,,O-NH(CO,H),. Since the amino-nitrogen is no longer present in the nitroso- 
compound, the single nitrogen of the oxidation product must be the imino-nitrogen (freed 
from its nitroso-group) and since the acid contains three active hydrogen atoms, accounted 
for by the imino- and the two carboxyl groups, its remaining oxygen is the bridge atom 
originally present. The acid must therefore have as many rings as a saturated hydro- 
carbon C,5Hg¢, viz., three. 

We now utilise the results of the selenium dehydrogenation of solanocapsidine, with the 
reserve already indicated. This degradation yielded hydrocarbons and pyridine bases, 
and as the result of the recent observation by Soltys and Wallenfels (Ber., 1936, 69, 811) 
that solanidine from the potato yields methylcyclopentenophenanthrene; we were also able 
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to identify Diels’s hydrocarbon as a degradation product of solanocapsidine. This implies 
the presence of four homocyclic rings A—D in the molecule; the formation of a sub- 
stituted pyridine requires a heterocyclic ring E, and the bridge oxygen atom appears to 
require, as has been pointed out, a second heterocyclic ring 
F. In solanidine-t the nitrogen atom is according to Soltys 
and Wallenfels a member two rings, formed from the choles- 
terol side chain, and one of these rings must therefore be 
united to the five-ring D. The single nitrogen atom of 
solanidine-t presumably corresponds to the imino-nitrogen 
of solanocapsine and hence we place ring E by the side of 
ring D, and ring F at the end of the molecule. The inset 
formula is merely given to illustrate these general ideas. 

It has been shown that the oxidation product of the nitroso-compound contains the 
two heterocylcic rings E and F anda thirdring D. Its two carboxyl groups would then be 
carbon atoms 8 and 9, and the nine carbon atoms lost in its formation must be 1—7, 10 
and 18. If solanocapsine had 25 carbon atoms, only eight would be lost, a number not 
readily accounted for if derived from the sterol rings A and B. Since the acid contains 
almost certainly 17 carbon atoms, this is an additional argument for the Cy, formula of 
solanocapsine. The above scheme also accounts for the three C-methyl groups which 
appear to be present (as in solanidine-t). Unlike solanidine-t, solanocapsine gives no 
precipitate with digitonin, which may be due to a stereochemical difference or to the 
absence of a hydroxy] in 3. 

As has been pointed out, the hydroxyl group must adjoin the amino-group, and the 
double bond of the nitroso-compound must be attached to one of the carbon atoms bearing 
these groups, or lies possibly between them. These conditions are satisfied by placing 
the amino- and the hydroxyl group at 8 and 9 (or 9 and 8) respectively. The heterocyclic 
ring E is represented after the drastic action of selenium by a mixture of bases including 
2-methyl-5-ethyl- and 4-methyl-2-ethyl-pyridine. Since both these bases are formed 
from y-picoline ethiodide at 320°, the temperature of the selenium dehydrogenation, 
one or both pyridines may result from a secondary reaction. As formulated above, ring 
E gives some indication how these pyridine homologues might arise, but it is not possible 
to utilise their formation very fully. Ring F is even more speculative, but it should be 
noted that the side chain of cholesterol has been retained (apart from C,,) and that the 
bridge oxygen is attached to Cy,, which atom also has an oxygen bridge in certain saponins 
of Digitalis (not very remote from Solanum; cf. Simpson and Jacobs, J. Biol. Chem., 
1935, 109, 573; Tschesche and Hagedorn, Ber., 1935, 68, 1412; 1936, 69, 797). Solangu- 
stidine, C,,H,,0,N (Tutin and Clewer, J., 1914, 105, 565), differs from solanidine-t in having 
an extra oxygen atom and in solanocapsine this difference is increased by an additional 
nitrogen atom in the amino-group. 

EXPERIMENTAL. 


Isolation.—The dried leaves were percolated with 80% alcohol; after evaporation of the 
alcohol the residue was mixed with dilute acetic acid and filtered, the filtrate washed with 
ether, and the pale yellow aqueous layer basified and shaken with ether; on evaporation the 
latter left a pale brown solid (1-2—1-3% of the leaves). The crude alkaloid could not be crystal- 
lised and the only crystalline salt obtainable was the chromate. A solution of potassium 
chromate was added to one of the alkaloid in dilute acetic acid, and the amorphous voluminous 
precipitate dried and dissolved in hot alcohol; no precipitate formed on cooling, but on the 
addition of a little aqueous potassium chromate solution, a chromate of solanocapsine soon 
separated in well-formed crystals; crystallisation could also be induced with ammonium chrom- 
ate, but not with sodium chromate or chromic acid; yield of crystalline chromate, 1-0% of the 
leaves. The mother-liquor contained an amorphous alkaloid giving a soluble chromate (solano- 
capsidine). When solanocapsine chromate was heated with 5N-hydrochloric acid, the solution 
became green and a white hydrochloride separated, which was filtered off, washed with hydro- 
chloric acid, and crystallised from 5 parts of hot water or, better, from alcohol and ether. 

A second batch of leaves, collected earlier in the season, yielded the same crystalline hydro- 
chloride without passing through the chromate. The concentrated ethereal solution of the 
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crude alkaloids, obtained as above, was shaken with 2N-hydrochloric acid (instead of the 
dilute acetic acid previously employed) ; when the aqueous layer was heated on the water-bath, 
in order to remove dissolved ether, solanocapsine hydrochloride crystallised (0-77% of the leaves). 
Later it was found that the above concentrated ethereal solution of the crude alkaloids, if not 
shaken with hydrochloric acid, slowly deposited a greyish-green microcrystalline substance, 
m. p. ca. 275°, from which solanocapsine is perhaps formed by the action of warm hydrochloric 
acid. From the mother-liquors of the crystalline hydrochloride there was obtained ultimately 
1-1% of amorphous solanocapsidine, which ammonia precipitated from the solution of its acetate 
as a jelly; no crystalline derivative could be isolated. The mother-liquor of the crystalline 
hydrochloride gave positive Molisch and pentose reactions, but no sugar derivative could be 
isolated. 

Solanocapsine, precipitated from the solution of its hydrochloride by ammonia, crystallises 
from 50% alcohol in long flat prisms, m. p. 222°, [a]p + 25-5° [Found : loss at 100° in a vacuum 
over. P,O,, 4:6; C, 71-2; H, 10-3; N, 6-5; M (Rast, in camphor), 460. C,,H,,O,N,,H,O 
requires H,O, 4-1; C, 71-9; H, 10-6; N, 65%; M, 434. Found for the anhydrous substance : 
C, 74:1; H, 10-8; M, 432. C,,H,,O,N, requires C, 75-0; H, 10-5%; M, 416]. On exposure 
to air the anhydrous substance regains its original weight. The above analyses fit better for the 
formula C,,H,,O,N,, but the free base may not have been quite pure; its liberation from the 
hydrochloride is attended with loss. The dihydrochloride on the other hand gave figures agreeing 
more closely with C,,H,,O,N,. It crystallises from water in needles melting indefinitely above 
280° (Found : loss at 120° in a vacuum over P,O,, 3-5; C, 61-2, 61-3; H, 9-7, 9-7; N, 5-3; Cl, 
13-9. C,,H,,O,N,,2HCI1,H,O requires H,O, 3-6; C, 61-5; H, 9-5; N, 5-5; Cl, 14-:0%. Found 
for the anhydrous salt : C, 63-5; H, 9-8. C,g.H,,O,N,,2HCl requires C; 63-8; H, 9-4%). The 
sulphate, B,H,SO,, forms flat prisms, m. p. 324°, from very little water, or from alcohol—ether. 
The picrate, crystallised from dilute alcohol, melts at 194°. 

Solanocapsine contains no O-CH;, no N-CH, groups, but apparently three C-methyl groups 
(Dr. H. Roth found 1-9 equivalents of acetic acid). Three active hydrogen atoms react at room 
temperature, four at 100° (Found 2-9, 4-1 respectively). Diazomethane does not react with 
solanocapsine, and no methylenedioxy-group is present. Solanocapsine (10 mg.) in 10 c.c. of 
alcohol, mixed with 10 c.c. of 1% alcoholic digitonin solution and 2 c.c. of water, remained clear 
and only deposited traces of a precipitate on keeping for a day. 

Dehydration product, aposolanocapsine. 60 Mg. of solanocapsine hydrochloride were heated 
for 4 hours with 5 c.c. of 10% methyl-alcoholic potassium hydroxide at 100°. After addition of 
water and extraction with ether an amorphous residue was obtained, soluble in light petroleum. 
It did not yield a condensation product with acetone (Found: C, 78-3; H, 11-0; N, 6-8. 
C,,H,,ON, requires C, 78-4; H, 10-6; N, 7-:0%). 

Action of nitrous acid. When solanocapsine in dilute acetic acid was treated with sodium 
nitrite (1 mol.), only a slight precipitate was formed, but a second molecule caused a copious 
precipitate and evolution of nitrogen. The product was a neutral crystalline nitroso-compound 
(from alcohol), m. p. 194°. apo-Solanocapsine yielded the same product; in both cases the 
yield was 90% (Found: C, 72-6, 72-4; H, 9-6, 9-5; N, 6-1, 6-1. C,,H,,O,N, requires C, 72-9; 
H, 9-3; N, 65%). There are two active hydrogen atoms (Found: 2-1, 1-9, 2-1, 2-0, 2-1). 

Hydrogenation of the above nitroso-compound. An alcoholic solution was shaken with 
platinum oxide in a hydrogen atmosphere. After filtration, addition of water produced 
a crystalline precipitate; recrystallised from absolute alcohol, this had m. p. 211—212° (Found : 
C, 71-9; H, 9-8; N, 6-8. C,,H,,O,N, requires C, 72-6; H, 9-8; N, 6-5%). 

Diacetyl solanocapsine. Solanocapsine was boiled with acetic anhydride for 5 hours; the 
precipitate formed on addition of water was insoluble in hot dilute mineral acids. It was 
amorphous and was purified by repeated solution in hot benzene-ligroin and cooling; m. p. 
150—160° [Found: C, 71-2; H, 9-6; N, 5-5. C,gHyO,N,(CH,°CO), requires C, 72-0; H, 9-6; 
N, 56%]. 

Condensation of solanocapsine with acetone. When 25 mg. of the crystalline base were boiled 
for a few minutes with acetone, crystals began to separate; yield, 24 mg.; recrystallised from 
ethyl acetate—acetone, the compound had m. p. 233°. An acetone solution of 180 mg. of solano- 
capsine deposited at room temperature in 8 hours 112 mg. of the same substance (Found : 
C, 76-1, 75-4; H, 10-6, 10-1; N, 6-6, 6-5. C,.H,,O,N, requires C, 76-3; H, 10-5; N, 6-1%). 
There is only one active hydrogen (Found : 0-97 at 25°, 1-02 at 95°). When shaken with water, 
the compound loses no acetone (negative iodoform test), but shaken with dilute hydrochloric 
acid, basified, and filtered, it is reconverted into solanocapsine and the filtrate gives a positive 
test. 
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Acetylation of the acetone compound. 112 Mg. were treated for 15 minutes at 100° with acetic 
anhydride in pyridine. Water was added, and the acetic anhydride decomposed by heating. 
After being made alkaline, the solution deposited in 3 days 100 mg. of an amorphous product, 
insoluble in ether, which, crystallised from alcohol, had m. p. 238° (Found: C, 73-0; H, 10-2; 
N, 6-1. C,,H,,0O,N,-CO-CH, requires C, 73-3; H, 10-0; N, 6-1%). The basic substance is 
monoacetyl solanocapsine; the acetone group has been removed. 

Oxidation of solanocapsine. Mercuric acetate, used according to Gadamer, removed 5-4 
molecular proportions of hydrogen and produced a colourless amorphous base, m. p. 127—142°. 
60 Mg. of solanocapsine with 200 mg. of potassium hydroxide and 160 mg. of potassium ferri- 
cyanide in methyl alcohol—water solution were largely unchanged after 1 hour at room temper- 
ature; 20 mg. were recovered as the acetone compound. 50 Mg. of solanocapsine were heated 
at 11 mm. with 100 mg. of copper powder and then distilled in a high vacuum; only a trace of 
distillate was obtained. On extraction of the copper powder with acetone an amorphous base, 
similar to aposolanocapsine, was obtained; it gave no phenylhydrazone. 

Oxidation of the nitroso-compound. A number of experiments were carried out with potassium 
permanganate, in acetone or pyridine, at temperatures ranging from 20—85°. The solutions 
were then diluted with water, decolorised with sulphur dioxide, freed from acetone (when 
this solvent was used), and extracted with ether; the latter was extracted with sodium carbonate 
solution. The ether left a neutral crystalline residue; recrystallised from acetone—water, this 
formed needles, m. p. 218°. The sodium carbonate solution on acidification yielded a crystalline 
precipitate, m. p. 226—227° after recrystallisation from acetone—water or glacial acetic acid. 
The mixture of the two oxidative products melted at 205°. 

Examples: 200 Mg. of the nitroso-compound and 200 mg. of permanganate (= 40) in 
pyridine after 16 hours at 30° yielded 50 mg. of the acid and 50 mg. of the neutral substance. 
200 Mg. of the nitroso-compound and 100 mg. of permanganate (= 20) after 24 hours at room 
temperature yielded 120 mg. of the neutral substance and very little acid. The combined yield 
ranged up to 75%, but the proportion between the two products varied greatly and could not be 
related to the conditions employed. 

The acid is soluble in hot concentrated hydrochloric acid (Found: C, 62-4; H, 8-5; N, 4-0; 
equiv., 170. C,,H,,0,;N requires C, 62-8; H, 8-3; N, 4-3%). The acid contains three active 
hydrogen atoms (Found: 3-0, 2-75). 

It is not possible as yet to assign a definite formula to the neutral substance [Found : C, 69-7, 
69-2; H, 9-7, 9-4; N, 5-9, 5:7; M, in camphor, 340, 351. C,,H,,0,N, (?) requires C, 70-0; 
H, 9-4; N, 63%; M, 446]. 

Solanocapsidine (see isolation above).—This substance differs from solanocapsine in forming 
a readily soluble hydrochloride and chromate. Neither the free base nor any of its salts could 
be crystallised. 200 Mg. of solanocapsidine were mixed with anhydrous sodium sulphate and 
extracted in a Soxhlet apparatus for 24 hours with ether, which removed 60 mg.; 120 mg. were 
then extracted by chloroform in 6 hours. The extracts were separately shaken with hydro- 
chloric acid, and the base isolated; both fractions melted at about 305° and they appeared to be 
identical (Found: C, 69-3, 69-9; H, 10-0, 9-4; N, 6-2. C,H,,O,N, requires C, 70-0; H, 9-4; 
N, 63%. C..H,,O,N, requires C, 69-7; H, 9-8; N, 63%. Active hydrogen found : 3-8, 3-9). 

Selenium dehydrogenation of solanocapsidine. Numerous experiments were carried out by 
heating in open or, better, in sealed tubes; e.g., 3 g. of the base with 10 g. of selenium for 14 
hours at 320-—-340°. The odour of ammonia was detected; the product was ground to a fine 
powder, mixed with anhydrous sodium sulphate and carbonate, and extracted with ether 
(Soxhlet). The red fluorescent solution was washed with hydrochloric acid and with water, 
dried, and evaporated. The red oil remaining was fractionated in a high vacuum; (I) b. p. 
100—150°; (II) 160—170°, a yellow, strongly fluorescent oil which soon crystallised; (III) ca. 
190°, partly crystalline; (IV) 210—250°, partly decomposed. By dehydrogenation at 360° 
for 6—22 hours, no fraction (II) and only traces of (III) were produced. The crystals from (II) 
were collected on porous plate, the best yield being 18 mg. from 1-7 g. of solanocapsidine. 
Recrystallised from alcohol, the crystals still had a bluish-violet fluorescence and melted at 123°; 
a mixture with authentic methylcyclopentenophenanthrene melted at 130° (Found with 1-1 mg. : 
C, 91-7 + residue of 2-1 C ?; H, 7-6. Calc. for C,,H,,: C, 93-1; H, 6-9%). 1-5 Mg. each of 
the hydrocarbon and trinitrobenzene were boiled together in a few drops of alcohol; on cooling, 
fine yellow crystals separated, m. p. 147° after recrystallisation from alcohol, and 148° when 
mixed with an authentic specimen prepared from methylcyclopentenophenanthrene. The 
Ppicrate also melted at the temperature recorded for this substance (117°). Fraction (III) 
yielded only a very small quantity of crystals, which could not be obtained pure. The crude 
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fraction yielded two trinitrobenzene compounds, a minute quantity of dark red prisms, m. p. 
168—170°, and more orange-yellow needles, m. p. 132°, which could not be identified. 

The hydrochloric acid extracts (above) from all the experiments were united, heated with 
alcohol (1/4 vol.), filtered from resin, and distilled with steam; nothing significant passed over. 
The solution was then basified and again distilled with steam; the distillate was turbid and 
alkaline to litmus, and had a strong odour. On extraction with ether and drying, a colourless 
oil was obtained, which distilled at 90—100°/18 mm. The picrate from 200 mg., although 
crystalline, melted indefinitely at 120—130°. After ten crystallisations from alcohol the m. p. 
became constant at 163° (Found: C, 46-9; H, 4-0; N, 15-5. C,H,,N,C,H,O,N, requires C, 
47-9; H, 4-0; N, 159%). The picrate could also be crystallised from ethyl acetate and from 
water. 2-Methyl-5-ethylpyridine, prepared for comparison, had the same characteristic odour. 
Its picrate melted at 162°, and the m. p. was not depressed by the picrate of the degradation 
product. Both picrates smelt strongly of the base. From the collected alcoholic mother- 
liquors of the above picrate from solanocapsidine a second isomeric picrate (m. p. ca. 125°) was 
obtained, but it could not be completely purified for lack of material. It was rather more 
soluble in ethyl acetate and alcohol, and less so in water, than the picrate of 2-methyl-5-ethyl- 
pyridine (Found: C, 48-0; H, 4:9; N, 15-6%). 

Synthetic 4-methyl-2-ethylpyridine showed the same properties; m. p. 120°; the mixture 
of the synthetic with the degradation product melted not sharply at 120—123°. In preparing 
4-methyl-2-ethylpyridine from y-picoline ethiodide at 320° there was obtained a mixture of 
bases from which, in addition to 4-methyl-2-ethylpyridine, the 2-methyl-5-ethyl isomeride was 
also isolated (picrate, m. p. 163°). The latter would appear to be a secondary product. 


We wish to record our thanks to Prof. J. W. Cook and Prof. A. Soltys for specimens of methyl- 
cyclopentenophenanthrene. The cost of the investigation was partly defrayed by a grant from 
the Earl of Moray Fund of Edinburgh University. 
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338. The Kinetics of the Adsorption of Hydrogen and of Deuterium 
by Platinum. 


By Epwarp B. MAXTED and CHARLES H. Moon. 


ALTHOUGH the sorption of hydrogen by metals such as platinum is, in general, regarded as 
consisting of a surface stage, followed by a secondary process—possibly of solution—yet 
the resolution into these two stages is not very definite; and little is known with regard to 
the duration of the first stage or to the degree of implication of any intermediate stage 
corresponding with the penetration of the gas to less accessible inter-granular or inter- 
crystalline surface, for instance, along grain boundaries or through Smekal cracks. The 
adsorption—save for any low-temperature component of van der Waals type—in all 
probability involves linkage of a purely chemical nature; and its progress, after the initial 
external surface stage has been passed, has been regarded as being controlled by the velocity 
of diffusion or solution (Ward, Proc. Roy. Soc., 1931, A, 183, 522; Trans. Faraday Soc., 
1932, 28, 399; Steacie, J. Physical Chem., 1931, 35, 2113; Steacie and Stovel, J. Chem. 
Physics, 1934, 2, 581; Lennard-Jones, Trans. Faraday Soc., 1932, 28, 333). Further, 
the conception of an activated migration, per saltum, not only along the surface but also 
from the surface to the interior of the metal and subsequently within the metal itself, has 
also recently beerr put forward by Rideal (Nature, 1935, 135, 737). In any case, these 
adsorption processes simulate or actually represent reactions associated with an activation 
energy in accordance with H. S. Taylor’s theory of activated adsorption. 

It was considered that evidence relative to the duration and sharpness of differentiation 
of the first stage and to the nature of the rate control might be obtained by further studying 
the kinetics of the adsorption and, particularly, by measuring any change in the rate or in 
the kinetic form which is introduced by substituting deuterium for hydrogen. It is usual to 
distinguish somewhat arbitrarily between a so-called primary, or substantially immediate, 
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adsorption—which involves the bulk of the adsorbed gas—and a subsequent far slower 
secondary process; but this differentiation is not very satisfactory in the absence of 
precise figures relative to the early kinetics, and, for this reason, in the present work 
special weight has been laid on the early stages of adsorption, which have been followed 
by observations taken, where necessary, at intervals of a few seconds. 

In order to compare rates of adsorption (e.g., of deuterium relative to that of hydrogen), 
it is necessary to express the adsorption path in the form of a general equation which covers 
the observed kinetics. In the case of hydrogen on platinum, neither the total nor the 


secondary process follows either Ward’s relationship, x/+/¢ = k [derived (loc. cit.) for the 
secondary adsorption of hydrogen on copper up to a not too advanced stage of adsorption ; 
x is the volume adsorbed after time /] or the somewhat similar but wider expression of 
Bangham and Burt (Proc. Roy. Soc., 1924, A, 105, 481), according to which, for stages of 
adsorption which do not approach saturation, log x should vary linearly with log?. It has, 
however, been found that the early stages of the adsorption follow very exactly an equation 


of the type 
loga/(a—x)=hkP . ... . “icy 


which is of the same form as that derived by Bangham and Sever (Phil Mag., 1925, 49, 
938) for the course of adsorption in chemically neutral systems, such as that of carbon 
dioxide on glass, and in which a is the saturation capacity. 

If the above expression be regarded as the integrated form of a rate equation which 


may be written 
dxjdjm=ankia—=x)P* 2. 2. we lw le 


it will be seen that the constant expressing rate is represented by the product wk. Further, 
if equation (1) is expressed in its logarithmic form 


log [log a/(a— x)] =logk+nlogt. . . ~~ « (8) 


the term on the left-hand side should vary linearly with log ¢. 

The close agreement of the observed kinetics of the adsorption of hydrogen or deuterium 
by platinum with equations of the above type, and the influence of changes in temperature 
and in the mass of the adsorbed gas (by substituting deuterium for hydrogen) on the 
velocity constant, are discussed below. 


EXPERIMENTAL, 


The apparatus employed for the measurement of rate of adsorption was the same as that used 
for the adsorption of ethylene (Tvans. Favaday Soc., 1936, 32, 1375), save that a simple bulb, 
containing 15-2 g. of platinum-black made by Mond, Ramsay, and Shields’s method (Phil. 
Trans., 1895, A, 186, 657), was substituted for the calorimeter illustrated. The hydrogen was 
prepared by desorbing electrolytic hydrogen from palladium, and the deuterium by passing the 
vapour of heavy water (purity 99-2%) over heated and previously carefully degassed zinc in an 
apparatus from which any water adsorbed on the Pyrex or silica walls had been removed by 
heating in a vacuum. 

Before beginning the measurements, the original oxygen content of the platinum was removed 
by repeated treatment with hydrogen, followed in each case by degassing; and the metal was 
thenstabilised by being maintained at 200° for several hours, all subsequent degassing (in each case 
for 12 hours, by means of a combined Hyvac and mercury-vapour pump) being carried out 
at 100°. The changing from hydrogen to deuterium or vice versa involved repeated treatment 
with the new gas in order to displace the residue of the original gas not removed by degassing ; 
and, both with hydrogen and with deuterium, the series of measurements was only begun when 
the metal was shown by duplicate adsorption measurements to be in a steady state. 

The adsorption of hydrogen was, at each temperature studied, found to be considerably 
faster than that of deuterium. This may be compared with the results of Pace and Taylor 
(J. Chem. Physics, 1934, 2, 578), who report an equal rate for the adsorption of hydrogen and 
deuterium by nickel supported on kieselguhr; but it is possible that this difference may be due 
to the present very careful precautions to displace one gas by the other before making the com- 
parison and to avoid traces of water or of other hydrogen compounds which might introduce 
complications by deuterium—hydrogen exchange. The increased speed of adsorption with hydro- 
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gen was maintained in series carried out both before and after corresponding series with 
deuterium. 

Adsorption of Hydrogen : Influence of Temperature.—The degree of conformity of the kinetics 
of the adsorption to equations (1)—(3) is shown by the typical rate graphs summarised in Fig. 1, 
in which ¢ is log [log a/(a — x)]. This type of graph was given in all cases and at all the 
temperatures examined; and the accuracy with which the linear path was followed—which was 
seen very clearly on plotting the graphs on a large scale—was very striking. . The early values 
of the adsorption were in every case read off at intervals of 10 seconds; and the value of the 
saturation capacity of the platinum for hydrogen—approximately 1-5 c.c. per g.—was determined 
by an adsorption measurement prolonged over several weeks. 

The initial stage during which the above equations are obeyed persists over a period of time 
which becomes continuously shorter as the velocity of the adsorption is increased by increasing 
the temperature. For instance, at — 21° (and still more so at — 79°, the graph for which has 
been omitted from the diagram since it involves values of ¢ too low for convenient inclusion), 
the linear form persists beyond the limit of the time scale shown in the figure. At 0° the break 
begins at about 30 mins. and is very apparent at 60 mins.; whereas at 18° and at 50° it occurs 
respectively afterabout 15 and after 2—3mins. At higher temperatures, the duration of theinitial 
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stage of adsorption becomes too short to be followed with accuracy by means of readings at 
intervals of 10 seconds. The adsorption at which the deviation occurs does not change greatly 
with temperature, although there was apparently a slight fall (from 0-6 to slightly less than 0-5 
c.c. of hydrogen per g. of platinum) as the temperature was raised from 0° to 100°. 

It is important to note that there is no kinetic evidence for an adsorption phase involving 
the immediate adsorption of any considerable bulk of gas and distinct from the process which is 
apparently complete within a few minutes after the admission of hydrogen. The subsequent 
far slower adsorption, after the completion of the stage corresponding with the linear portion 
of the graph, may be a distinct secondary process, e.g., of solution; or, if the first phase has 
included penetration into the interior of the metal itself—as distinct from penetration to the 
less accessible inter-granular or inter-crystalline surface—the deviation may be due to the 
attainment of a stage at which the smaller platinum particles are saturated. Bangham and 
Sever (loc. cit.) have pointed out that the attainment of this condition should, if the rate control 
is by internal diffusion, render the subsequent kinetics less simple. In any case the total ad- 
sorption process is not complete even after many weeks. 

It is proposed in the present work to deal principally with the first stage of the adsorption. 
In order to illustrate the method employed for expressing these rates in a form suitable for com- 
parison, a typical measurement is given in full in Table I. The gas burette could be read to 
0-01 c.c., corresponding with an accuracy of about 0-001 c.c. per g. of platinum. The temper- 
ature was 18°. 
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TABLE I. 

Vol. H, Vol. H, Vol. H, 

adsorbed adsorbed adsorbed 

(c.c. at (c.c. at (c.c. at 

N.T.P.) N.T.P.) N.T.P.) 

t, secs. per g. Pt. d. t,mins. per g. Pt. d. t, mins. per g. Pt. ¢- 

10 0-171 — 1-282 1 0-293 — 1-025 5 0-463 — 0-795 
20 0-211 — 1-182 1-25 0-312 — 0-995 7:5 0-514 —0-739 
30 0-238 — 1-123 1-5 0-330 — 0-967 10 0-549 — 0-704 
40 0-260 — 1-083 2 0-360 — 0-924 15 0-592 — 0-656 
50 0-278 — 1-049 2-5 0-383 — 0-892 20 0-618 — 0-637 
3 0-403 — 0-867 30 0-643 —0-614 
4 0-437 — 0-825 60 0-664 — 0-595 


From these results, the values of k and n, and consequently of the rate constant nk, may be 
determined by the appropriate substitution of values of ¢ in the equation ¢ = log k + m log ?. 
If the observed values of ¢ for 1 and for 5 mins. in Table I are taken for this calculation, values of 
0-0944 and 0-329 are obtained for k and respectively, whence nk = 0-0311; or, if the calculation 
is made from, e.g., the points ¢ = 1 and ¢ = 10 on a smoothed graph, the closely agreeing values 
k = 0-0955, » = 0-326, and mk = 0-0311 are derived. 

The quantitative effect of temperature on the adsorption velocity is summarised in Table IT. 


TaBLeE II, 
Temp. n. k. nk. Temp. n. k. nk. 
— 79° 0-231 0-0158 0-00365 18° 0-331 0-1018 0-0337 
—21 0-315 0-0524 0-0165 18 0-332 0-1015 0-0337 
0 0-332 0-0744 0-0247 18 0-331 0-1015 0-0336 
18 0-331 0-0940 0-0311 50 0-331 0-1535 0-0508 


The approximate constancy of the index, , save at low temperatures at which some van 
der Waals adsorption is probably present, may be noted; further, the velocity of the adsorption 
increases continuously with increasing temperature. 
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That the product nk is a true measure of rate is supported by plotting log wk against 1/T, 
whereupon the usual linear relationship between rate and temperature is seen to be followed. 
The degree of this conformity is shown in Fig. 2, which also contains the corresponding points 
for deuterium. From the slope of the line the apparent activation energy of the process may be 
calculated to be slightly less than 2500 cals., corresponding with a temperature coefficient of 
1-16 for a 10° rise at 15°. This low value suggests control by diffusion—for instance, to the 
less accessible inter-granular surface—even during the primary stage cf the adsorption; but 
the presence, as a rate-controlling factor, of a true adsorption process having an energy of activ- 
ation of this order is by no means excluded; and it was considered that information on this 
point might be obtained from the relative rate of adsorption of deuterium. 

It is necessary in making comparisons of the adsorption rate to measure carefully—by 
duplicate determinations at intervals under identical conditions—any slow drift in the 
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activity of the platinum that may be caused, for instance, by prolonged exposure to a 
higher temperature (in this case to 100°) during the degassing process, and to apply a correction 
for this. With platinum-black previously stabilised by being heated to 200°, the ageing effect 
was small; e.g., three consecutive runs at 18° showed a fall in activity of the order of 1% for 
each 12 hours’ degassing at 100°. At an earlier stage, the ageing effect was a little greater; 
but it was in any case small in comparison with the change of velocity observed on changing 
either the temperature or the nature of the gas—a rise in temperature from — 79° to 50° results 
in a rise in velocity to about 14 times the original value. 

Adsorption of Deuterium.—The adsorption of deuterium follows, as would be expected, a path 
identical in form with that followed by hydrogen and capable of being represented by the same 
general kinetic equation. Further, the stage of adsorption up to which the linear relationship 
between ¢ and log ¢ is followed (0-5—0-6 c.c. of deuterium per g. of metal) was the same for 
both gases. 

The velocity of adsorption was, however, in all cases and at all temperatures studied, slower 
than that of hydrogen under corresponding conditions. This is illustrated by the series of rate 
values at various temperatures contained in the following table; the experiments were carried 
out with the same platinum immediately before the hydrogen series of Table II, the relative 
adsorption velocities being thus directly comparable. 


Gills: baccsaialotion —79° 18° 18° 18° 50° 

OF -disacnsikbieismeaiacdatasnienus 0-222 0-316 0-312 0-318 0-328 

ID shasinnisniasacmmantelitiaeniaeetea 0-0120 0-0703 0-0702 0-0695 0-1009 
SE inndsbivsatedicansaeasbiiic 0-00267 0-0222 0-0219 0-0221 0-0331 


The ratios of the velocities of adsorption of hydrogen and of deuterium at the three temper- 
atures at which comparative measurements were thade are shown below : 


NE. cocstigthassessconsscqiieeee —79° 18° 50° 
TREED  ccknccccesesccoccieesseces: 1-4 1-4—1-5 1-5 


These experimentally determined ratios are only approximate, owing to the necessity for 
thoroughly replacing one gas by the other before comparative rate measurements can be made— 
which prevents the immediate juxtaposition of a hydrogen and of a deuterium run—but the 
order of magnitude of the ratio persisted whether the hydrogen measurements preceded those 
with deuterium or vice versa. The nearness of the ratio to the square root of the relative masses 
of deuterium and of hydrogen is again suggestive of possible control by diffusion to the internal 
surface. Further, the apparent energy of activation of the adsorption of deuterium has a cal- 
culated value of about 2,400 cals., corresponding with a temperature coefficient of 1-15 for a 
10° rise at 15°, the slope of the liné obtained by plotting the logarithm of the velocity against 
1/T being approximately equal to that for hydrogen, as shown in Fig. 2. 
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339. Attempts to find New Antimalarials. Part XV. The Synthesis 
of Acridine Compounds related to Atebrin. 


By RosBert R. GooDALL and WILLIAM O. KERMACK. 


ATEBRIN and achrichin, the two best-known antimalarials of the acridine series, are 
8-chloro-5-(3-diethylamino-«-methylbutylamino)- and 8-chloro-5-(y-diethylamino--propyl- 
amino)-3-methoxyacridine respectively. The objects of the present investigation were to 
synthesise acridine compounds, (a) with a side chain in the 5-position of the acridine 
nucleus, containing two tertiary nitrogen atoms, instead of one tertiary and one secondary 
as in atebrin; (}) containing different nuclear substituents. 
(a) Unsuccessful attempts were made to condense amines of the type 
NEt,°CH,°CH,NHAIk 

with 5-chloro-3-methoxyacridine by heating them together, or in presence of solvents 
(with or without a trace of copper-bronze or cuprous chloride). 5-Phenoxy-3-methoxy- 
acridine was therefore prepared by heating 5-chloro-3-methoxyacridine in phenol containing 
1 mol. of potassium hydroxide. When this phenoxy-derivative was refluxed with 6- 
diethylaminoethylalkylamine, the reaction proceeded slowly with the formation of the 
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desired compound. The yield of the butyl compound was very poor. The shorter the 
alkyl group, the more easily the reaction proceeded, but, even with $-diethylaminoethyl- 
methylamine, the reaction was slower and the yield much poorer than in the case of the 
primary amines $-diethylaminoethylamine and y-diethylamino-n-propylamine. The new 
compounds of the structure (I; R= Pr or Me) differ from the homologous secondary 
base (I; R = H) in that they dissolve in dilute mineral acids to yield solutions, which 
exhibit no fluorescence (in contrast to the striking green fluorescence of the secondary 
base) and, even at room temperature, undergo decomposition with the separation of 3- 
methoxyacridone (cf. Magidson and Grigorowski, Ber., 1936, 69, 400). 


sg i inte N-CH,’CH,"NEt, 
(L) o¢ OS ive: 8 Cis ar) 
¢ 
x H 


The tertiary bases (I; R = Alk) are therefore much more easily hydrolysed in neutral 
or slightly acid solution than is 5-(8-diethylaminoethylamino)-3-methoxyacridine. These 
differences suggest that the latter may predominantly exist in the form (II). 

(b) The choice of substituents introduced into the acridine nucleus was determined by 
the availability of the intermediate compounds. 1 : 3 : 5-Trichloro- and 5-chloro-1-bromo- 
3-methyl-acridine were readily obtained by the action of phosphorus oxychloride on 2 : 4- 
dichloro- and 2-bromo-4-methyl-diphenylamine-2’-carboxylic acids (cf. this vol., p. 1163) 
respectively. Treatment with sodium phenoxide in phenol yielded the corresponding 
5-phenoxy-derivatives, which were then condensed with -diethylaminoethylamine or 
y-diethylamino-n-propylamine, to yield 1 : 3-dichloro- and 1-bromo-3-methyl-5-(B-diethyl- 
aminoethylamino)acridine or the corresponding y-diethylamino-n-propylamino-compounds. 


“CEG R, CO-NH-[CH,],"NEt, NE[CHalyNEts 
Cl R, CK WNr, 
: NH - Vy, 
R, 1 
(IIL.) (IV.) (V.) 


2: 4: 4’-Trichlorodiphenylamine-2’-carboxylic acid chloride (III; R, and R, = Cl) 
(loc. cit.) condensed immediately in benzene, at room temperature, with y-diethylamino-n- 
propylamine to yield the corresponding amide (IV; R, and R, = Cl), and this, when 
refluxed in excess of phosphorus oxychloride, cyclised, with the formation of 1 : 3: 7- 
trichloro-5-(y-diethylamino-n-propylamino)acridine (V; R, and R,= Cl). Similarly, the 
condensation of 4’-chloro-2-bromo-4-methyldiphenylamine-2’-carboxylic acid chloride 
(III; R, = Br, R, = Me) with y-diethylamino-n-propylamine, followed by cyclisation 
of the intermediate amide (IV; R, = Br, R, = Me), yielded 7-chloro-1-bromo-5-(y-diethyl- 
amino-n-propylamino)-3-methylacridine (V; R,= Br, Re=Me), and 2: 5-dichlorodi- 
phenylamine-2’-carboxylic acid chloride (loc. cit.) yielded 1 : 4-dichloro-5-(y-diethylamino- 
n-propylamino)acridine. This route to compounds of the atebrin type, through the 
diphenylamine-o-carboxylic acid amides (cf. E.P., 363,392), is an extremely convenient 
one, the reactions proceeding very smoothly and in good yield. 


EXPERIMENTAL. 

5-Phenoxy-3-methoxyacridine.—Finely powdered potassium hydroxide (2-6 g.) was dissolved 
in melted phenol (30 g.), and 5-chloro-3-methoxyacridine (8 g.) added with stirring. After 1 hour 
at 100° the hot melt was poured into 10% sodium hydroxide solution (200 c.c.), stirred well, and 
kept overnight. The supernatant liquid was decanted, and the residue ground with 5% sodium 
hydroxide solution (about 50 c.c.). The product was filtered off, washed free from alkali, and 
dried. Yield, 8-4 g. White needles, m. p. 146—147°, were obtained from alcohol (Found : 
C, 79-9; H, 5-0. CygH,,0,N requires C, 79-7; H, 5-0%). The base is soluble in benzene, 
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alcohol, chloroform, and ligroin. It is moderately soluble in dilute hydrochloric acid, and is 
hydrolysed, on boiling, to 3-methoxyacridone, identified by its m. p. (270°) and by its marked 
violet fluorescence in alcoholic solution. 
5-(8-Diethylaminoethylmethylamino)-3-methoxyacridine (I; R = Me).—5-Phenoxy-3-methoxy- 
acridine (3 g.), 8-diethylaminoethylmethylamine (Kermack and Wight, J., 1935, 1425) (2-4 g.), 
and a trace of copper powder were refluxed together at 150—160° for 20 hours. The dark brown 
oil was poured into 50 c.c. of 5% sodium hydroxide solution, and the latter, as well as the semi- 
solid residue, thoroughly extracted with ether. The combined extracts were shaken five 
times with 33% acetic acid and the cooled acetic acid solution was basified with ammonia. 
A dark oil separated; this was extracted thrice with ether, and the extract dried over potassium 
carbonate. Evaporation left an oily base, which was converted into the dihydrobromide with 
concentrated alcoholic hydrogen bromide. After a few hours the precipitate was filtered off, 
washed with a little alcoholic hydrogen bromide, and then with ether. The dry product, 
5-(8-diethylaminoethylmethylamino)-3-methoxyacridine dihydrobromide, was an orange powder 
(2-8 g.), which, recrystallised from ethyl alcohol, formed micro-needles, m. p. 239—240° (Found : 
C, 50-2; H, 5-8; Br, 31-4. C,,H,,ON,;,2HBr requires C, 50-5; H, 5-8; Br, 32-0%). It is 
readily soluble in water and methyl alcohol, forming non-fluorescent orange solutions. After 
standing overnight at room temperature in aqueous solution, it is hydrolysed with the separation 
of 3-methoxyacridone. 
5-(8-Diethylaminoethyl-n- propylamino) - 3-methoxyacridine.— 5- Phenoxy -3-methoxyacridine 
(2-5 g.) and 6-diethylaminoethyl-n-propylamine (2-5 g.) (Joc. cit.) were refluxed together at 180° 
for 19 hours. The product was worked up as above. When the small amount of base obtained 
after purification was treated with alcoholic hydrogen bromide, only 0-06 g. of 5-(8-diethylamino- 
ethyl-n-propylamino)-3-methoxyacridine dihydrobromide was precipitated, as a red amorphous 
powder, m. p. 142—143°. The filtrate was diluted to five times its original volume with ether ; 
a further 0-23 g., m. p. 142—143°, was then obtained. This was washed with ether till free 
from acid, recrystallised from alcohol, and dried in a vacuum to constant weight (Found : 
C, 49-8, 49-7; H, 6-4,6-5. C,,;H,,ON;,2HBr requires C, 52-4; H,6-3%. C,;H,,ON;,2HBr,2H,O 
requires C, 49-0; H, 6-6%). As the compound was recrystallised from ethyl alcohol, the presence 
of water of crystallisation is somewhat unexpected, but there does not seem to be any other 
simple explanation of the analytical results; lack of material prevented a more complete 
investigation of the anomaly. In aqueous solution after a few hours at room temperature, the 
dihydrobromide is hydrolysed to 3-methoxyacridone. 
5-(8-Diethylaminoethylamino)-3-methoxyacridine (II).—5-Phenoxy-3-methoxyacridine (3 g.), 
6-diethylaminoethylamine (2 g.) (loc. cit.), and a trace of copper-bronze were heated under 
reflux at 150° for 4 hours. The product was poured into 50 c.c. of 2% sodium hydroxide solution 
and worked up as above. The new base was isolated as its dihydrobromide (yield, 3-4 g.) which, 
recrystallised from methyl alcohol, formed yellow micro-needles; these were dried to constant 
weight in a vacuum (Found: C, 47-9; H, 5-5; Br, 32-3. C,,H,,ON;,2HBr,H,O requires C, 
47-7; H, 5-8; Br, 31-8%). This dihydrobromide, like all the other dihydrobromides described 
below, is readily soluble in water and alcohol, forming yellow solutions with an intense green 
fluorescence, persisting even in high dilution. They are insoluble in benzene, ligroin, chloroform, 
acetone, andether. The aqueous solutions remain stable at room temperature for 2—3 weeks, 
but small quantities of the corresponding acridone may slowly separate, apparently as the result 
of the hydrolytic removal of the side chain. 
5-(y-Diethylamino-n-propylamino)-3-methoxyacridine dihydrobromide (cf. Magidson and 
Grigorowski, loc. cit., p. 406) was similarly prepared from 5-phenoxy-3-methoxyacridine (2 g.) 
and y-diethylamino-n-propylamine (1 g.) (yield, 2-3 g.). Recrystallised from methyl alcohol, 
it formed yellow micro-needles, m. p. 242—245°, which were dried to constant weight in a vacuum 
(Found: C, 50-0, 49-8; H, 5-5, 5-6. C,,H,,ON,,2HBr requires C, 50-5; H, 5-8%). 
1: 3: 5- Trichloroacridine.—2 : 4 - Dichlorodiphenylamine - 2’- carboxylic acid (Ullmann, 
Annalen, 1909, 355, 340) (12 g.) and phosphorus oxychloride (25 c.c.) were refluxed at 120°. After 
1 hour, the phosphorus oxychloride was distilled under reduced pressure. The residue was 
dissolved in acetone (100 c.c.), and the solution basified carefully with acetone containing about 
30% of concentrated aqueous aznmonia. The yellow precipitate was filtered off, washed with 
acetone, and dried. The ¢richloroacridine was separated from inorganic salts by repeated 
extraction with benzene, from which it crystallised in fine yellow needles, m. p. 175° (Found : 
C, 55-0; H, 2-3. C,,H,NCI, requires C, 55-2; H, 21%). This base, like the corresponding 
5-chloro-1-bromo-3-methylacridine (see below), is soluble in alcohol and benzene and sparingly 
soluble in acetone, chloroform, and ether. Both compounds are sparingly soluble in dilute 
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hydrochloric acid, but, when boiled, the solutions are decomposed, with the separation of the 
corresponding acridone. The same compound was obtained by treatment of 1 : 3-dichloro- 
acridone (Ullmann, Joc. cit.) with a mixture of phosphorus oxychloride and phosphorus penta- 
chloride at 120° for 1 hour. Ullmann gives the m. p. of 1 : 3-dichloroacridone as over 360°, 
but our compound, which was apparently homogeneous, melted sharply at 305° when purified 
by sublimation. 

1 : 3-Dichloro-5-phenoxyacridine.—1 : 3 : 5-Trichloroacridine (4 g.) was added with stirring 
to phenol (10 g.), containing potassium hydroxide (1-5 g.), and the green mixture heated at 
100° for 2 hours. The product was worked up as in the case of 5-phenoxy-3-methoxyacridine. 
Yield, 45g. Recrystallisation from ligroin gave rhombic prisms, m. p. 171° (Found: C, 66-8; 
H, 3-6. C,,H,,ONCI, requires C, 66-9; H, 3-5%). This base, like the corresponding 1-bromo- 
5-phenoxy-3-methylacridine, is soluble in alcohol and benzene and slightly soluble in ligroin, 
acetone, andether. Both phenoxy-compounds are somewhat more soluble in dilute hydrochloric 
acid than the 5-chloro-compounds, but, like the latter, readily decompose on boiling, with the 
separation of the corresponding acridones. 

1 : 3-Dichloro-5-(8-diethylaminoethylamino)acridine.—1 : 3-Dichloro-5-phenoxyacridine (1-2 
g.), phenol (0-5 g.), and §-diethylaminoethylamine (0-46 g.) were heated together at 120° for 
2 hours. The product was worked up in the manner already described for the analogous bases, 
except that the base was more conveniently extracted with benzene, rather than ether (in which 
it was but sparingly soluble), and it was not isolated as the hydrobromide, since the free base 
separated as a solid, crystallising from ligroin in orange needles, m. p. 121—-122° (Found: C, 
63-1; H, 6-0. C,,H,,N,Cl, requires C, 63-0; H, 5-8%). The base is very soluble in alcohol, 
acetone, and benzene and slightly soluble in ligroin and chloroform. It is insoluble in water, 
but dissolves readily in dilute mineral acids. It forms a hydrobromide decomposing at about 
200°. 

1 : 3-Dichloro-5-(y-diethylamino-n-propylamino)acridine.—1 : 3- Dichloro-5 - phenoxyacridine 
(1-2 g.), phenol (1-5 g.), and y-diethylamino-n-propylamine (0-6 g.) were heated together at 120— 
140° for 2 hours. The product was worked up in the usual way, and isolated as the dihydro- 
bromide. Yield, 0-57 g. This, recrystallised from ethyl alcohol, formed yellow micro-needles, 
decomposing at about 200° (Found: C, 44-8; H, 5-0. C, 9H,,;N;Cl,,2HBr requires C, 44-6; H, 
48%). 

5-Chloro-1-bromo-3-methylacridine.—2-Bromo-4-methyldiphenylamine-2’-carboxylic acid (19 
g.) (Goodall and Kermack, this vol., p. 1163) and phosphorus oxychloride (50 c.c.) were refluxed 
at 120°, and the product worked up as in the case of 1 : 3: 5-trichloroacridine. 5-Chloro-1-bromo- 
3-methylacridine crystallised from ligroin in sparkling yellow needles (11 g.), m. p. 159—161° 
(Found: C, 54-7; H, 3-2. C,,H,NCIBr requires C, 54-9; H, 2-9%). 

The same compound was obtained by cyclising 2-bromo-4-methyldiphenylamine-2’-carboxylic 
acid (15 g.) with sulphuric acid (150 c.c.) at 100° for 4 hours and treating the resulting 1-bromo-3- 
methylacridone (yield, 10-4 g.; m. p. 255°) with a mixture of phosphorus oxychloride (20 c.c.) 
and phosphorus pentachloride (10 g.). 

1-Bromo-5-phenoxy-3-methylacridine.—Potassium hydroxide (2 g.) was dissolved in phenol 
(20 g.), and 5-chloro-1-bromo-3-methylacridine (6 g.) added with stirring. After 2 hours’ heating 
at 100°, the product was worked up as in the case of 5-phenoxyacridine. 1-Bromo-5-phenoxy- 
3-methylacridine formed yellow needles, m. p. 145°, from ligroin (Found: C, 65-9; H, 3-9. 
C,,H,,ONBr requires C, 65-7; H, 3-8%). 

1-Bromo-5-(8 - diethylaminoethylamino) - 3 -methylacridine.—1 - Bromo -5- phenoxy - 3- methyl- 
acridine (1 g.), phenol (2 g.), and diethylaminoethylamine (0-4 g.) were heated together at 120° 
for 2 hours. The product was worked up as in the case of 1 : 3-dichloro-5-(8-diethylaminoethyl- 
amino)acridine. 1-Bromo-5-(8-dtethylaminoethylamino)-3-methylacridine formed orange plates, 
m. p. 114°, from ligroin (Found: C, 62-2; H, 6-2. C,,H,,N,Br requires C, 62-3; H, 6-4%). 
This base is very similar in properties to 1 : 3-dichloro-5-(6-diethylaminoethylamino)acridine. 

1-Bromo-5-(y-diethylamino-n-propylamino)-3-methylacridine, obtained from the 5-phenoxy- 
compound (1 g.), phenol (2 g.), and y-diethylamino--propylamine (0-5 g.) by heating at 120° 
for 2 hours, did not readily crystallise; it was therefore converted into the dihydrobromide, which 
separated slowly from alcohol in yellow micro-needles (0-5 g.), decomp. about 230° (Found : 
C, 44-8; H, 5-2. C,,H,,.N,Br,2HBr requires C, 44-9; H, 5-0%). 

r:9: 7-Trichloro-5-(y-diethylamino-n-propylamino)acridine.—y-Diethylamino-n-propylamine 


(0-3 g.) was added slowly, with stirring, fo a mixture of 2: 4: 4’-trichlorodiphenylamine-2’- 


carboxylic acid chloride (III; R, and R, = Cl) (0-5 g.) in benzene (5 c.c.). The canary-yellow 
mixture was immediately transformed into a colourless syrup, from which the benzene was 
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removed in a vacuum. The residual oily amide (IV; R, and R, = Cl) was refluxed with 
phosphorus oxychloride (1 c.c.) for 1 hour, and the excess of the latter was removed under 
reduced pressure. The product, after dilution with ice-water, was basified slowly with ammonia 
whilst cooling in a freezing mixture. 1: 3: 7-Trichloro-5-(y-diethylamino-n-propylamino)- 
acridine (V; R, and R, = Cl) was precipitated as an orange powder, which was filtered off, 
washed with water, and recrystallised from ligroin, yielding micro-needles, m. p. 155° (Found : 
C, 58-4; H, 5-5. C, 9H,,N,Cl, requires C, 58-5; H, 5-4%). This base, like the three following, 
is moderately easily soluble in alcohol, ether, and benzene and sparingly soluble in ligroin. The 
hydrobromide decomposes at 240—250°. 

7-Chloro-1-bromo-5-(y-diethylamino-n-propylamino)-3-methylacridine.—4’-Chloro - 2 - bromo-4- 
methyldiphenylamine-2’-carboxylic acid chloride (III; R, = Br, R, = Me) (1 g.) was condensed 
in benzene (10 c.c.) with y-diethylamino-n-propylamine (0-6 g.), and the product (IV; R, = Br, 
R, = Me) cyclised with phosphorus oxychloride (1-5 c.c.) as in the last example. Yield, 1 g. 
The base (V; R, = Br, R, = Me), recrystallised from ligroin, formed yellow micro-needles, 
m. p. 130—131° (Found: C, 58-1; H, 5-7. C,,H,,N,CiBr requires C, 58-0; H, 5-8%). The 
hydrobromide decomposed from 252—254°. 

1 : 4-Dichloro-5-(y-diethylamino-n-propylamino)acridine Dihydrobromide.—2 : 4-Dichlorodi- 
phenylamine-2’-carboxylic acid chloride (1 g.) was condensed in benzene (5 c.c.) with y-diethyl- 
amino-n-propylamine (0-6 g.), and the sticky product cyclised with phosphorus oxychloride 
(1-5 c.c.) asabove. The resulting oily base was converted into the dihydrobromide, which formed 
yellow micro-needles from alcohol, decomposing about 225—230° (Found: C, 44-8; H, 4-9. 
C,9H,3N,Cl,,2HBr requires C, 44-6; H, 4:8%). 


We thank the Department of Scientific and Industrial Research for a grant to one of us 
(R. R. G.), and Imperial Chemical Industries, Ltd., for financial and other help. 
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340. Prototropy in Relation to the Exchange of Hydrogen Isotopes. 
Part II. A Comparison of the Velocities of Dissociation of a Proton 
and a Deuteron from a $-Acid. 


By CHRISTOPHER L. WILSON. 


CONSIDERABLE interest attaches to comparisons of the rates of corresponding reactions 
involving the hydrogen isotopes, since the factors responsible for the differences of rate can 
usually be theoretically specified in at least a semi-quantitative manner. This paper deals 
with the relative rates of ionisation of an ordinary hydrogen acid and the corresponding 
deuteracid, #.¢., with the relative rates of transference of proton and Gutane respectively 
from the compounds HA and DA to a common solvent S: 


HA + S—> A+HS | 
DA+S—>A-+DsS | 


It is only for very weak acids, such as y-acidic ketones and nitro-compounds, that 
ionisation in hydroxylic solvents is slow enough for measurement, but it is just these 
slow ionisations which play so fundamental a part in prototropy and several other general 
reactions of organic chemistry. These reactions are being investigated, in this series 
inter alia, by the use of protium—deuterium exchange as an indicator for hydrogen ionisation ; 
yet no such investigation can be developed on quantitative lines without taking account of 
the different rates of transference which, for known reasons, the bound proton and deuteron 
exhibit ; this was made clear in Part I (Ingold, De Salas, and Wilson, this vol., p. 1328). 

It is known that with aliphatic nitro-compounds (Wynne-Jones, J. Chem. Physics, 
1934, 2,381; Reitz, Z. physikal. Chem., 1936, A, 176, 363; Z. Elektrochem., 1936, 42, 582) 
and with cyclohexenylacetonitrile (Part I, loc. cit.) the proton is ionised several times faster 
than the deuteron in hydroxylic solvents. These examples are complicated by multiple 
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replacements, isomeric changes, or both, and it seemed desirable to attempt a direct 
measurement of the rates of a pair of isolated reactions of type (I). 

In these experiments HA takes the form of a ketone with only one a-hydrogen atom : 
>CH-CO-. By well-known general results relating to the halogenation of ketones, the 
rate of bromination in aqueous solvents under conditions of basic catalysis must give the 
rate of ionisation of the proton; and the rate of bromination of the deutero-ketone, 
>CD-CO., will give the corresponding rate of ionisation of the deuteron. 

The truth of these assertions has been specifically supported for the example studied 
and the conditions chosen in a recent investigation by Hsii and Wilson (this vol., p. 623). 
The ketones were 2-0-carboxybenzylindan-l-one (II) and its 2-deutero-analogue (III) ; 
the solvent was aqueous acetic acid and the basic catalyst acetate ions : 


ae Cem Ce 
er snl ‘CH eH) NCH,» 0K) (III) 


> CH-CO— + [OAc}- —> [>€--c—O—}- + HOAc 


et (IV) 
>CD-CO— + [OAc]- —> [>C—C—O—}- + DOAc 
In the paper cited it is shown that the rate of bromination of ketone (II) under these 
conditions is independent of the concentration of haiogen, that it is dominated by the single 
basic catalyst, and that it is equal to the rate of the racemisation which obtains under 
corresponding conditions when the ketone is optically active. 
The following table contains the first-order velocity constants for the bromination of 
the ketones (II, #,) and (III, %,”) each at three temperatures; the composition of the 
aqueous acetic acid solvent and the concentration of acetate ions are specified on p. 1553. 


Velocity of Bromination of Ketones (II) and (III) in Aqueous Acetic Acid Containing 


Acetate Ions. 
Temp. 10%, (sec.-1). 10%%,P (sec). ky H/h,P. 
25-00° 11-5 2-62 4-4 
35-00 37-0 10-50 3-5 
45-00 100-0 33-70 3-0 


It will be seen that the rate of reaction of the ordinary ketone (II) is several times 
greater than that of the deutero-ketone (III). Throughout any individual experiment with 
the deutero-ketone the first-order velocity coefficient remained sensibly constant, proving 
that no protium-deuterium exchange with the medium could have occurred by any unknown 
mechanism ahead of the measured reaction; for any such prior conversion of (III) into 
(II) would have shown itself in a rise of the rate constant as reaction proceeded. 

If the ‘‘ temperature independent factor ’” of the Arrhenius equation is assumed to be 
the same for reactions (IV), the difference of rates corresponds to a difference in energies 
of activation amounting to 0-9 kg.-cal. The separate energies of activation (kg.-cals.), 
calculated by means of the Arrhenius equation from the temperature coefficients of 
the rate constants, are 20-4 + 1-0 for (II) and 24-0 + 2-0 for (III). In view of the errors, 
these figures are not inconsistent with the assumed difference of 0-9 kg.-cal. 

Theoretically, the most important single contribution to the difference of the activation 
energies should be the difference between the zero-point energies of the C-H and the C-D 
stretching vibrations; this effect contributes 1-2 kg.-cals. in the direction of the observed 
energy difference. To this we have to add two contributions arising from orthogonal 
bending vibrations of the C-H and the C-D bonds, and subtract three contributions. 
corresponding to the vibratory degrees of freedom of the migrating atoms in the transition 
state.* Making estimates of the magnitude of these minor contributions, we may say 


* This statement neglects the intramolecular coupling of the active vibrations, and also the tunne} 
effect. ; , , 
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that the difference of critical energy is likely to be of the order of 1 kg.-cal., and this accords 
satisfactorily with the observed rate ratios and temperature coefficients. 


EXPERIMENTAL. 


2-o-Carboxybenzylindan-l-one (II), prepared as described by Ingold and Wilson (J., 1934, 
773), was recrystallised twice from benzene and had m. p. 142-5° (Found: C, 76-5; H, 5-3. 
Calc. : C, 76-7; H, 5-3%). 

Preparation of the Deutero-ketone (III).—It was assumed that isotopic hydrogen exchange 
with the «-position in the ketone would occur only under conditions of racemisation of the 
d-ketone. The latter (for preparation, see idem, ibid.), dissolved in a mixture of dioxan (5 c.c.) 
and water (1 c.c.), racemised slowly at 20°, as indicated by the following rotations [time (mins.) 
is given in parentheses] : 1-16° (0), 1-09° (50), 1-01° (120), 0-92° (215). When the solution was 
heated to 100° in a sealed bulb, complete racemisation occurred in less than 10 minutes. 

The pure racemic ketone (2-66 g.) was heated to 100° in a sealed bulb with dioxan (sodium- 
dried and distilled, 5 c.c.) and deuterium oxide (99-6%, 1 c.c.). After 30 minutes, the bulb was 
cooled, and the solvent distilled off in a vacuum. Repetition of the experiment with fresh 
deuterium oxide gave a final product which was thoroughly dried in a vacuum at 100° and then 
recrystallised once from benzene (previously dried over phosphoric oxide and distilled). The 
deutero-ketone was analysed (Found : C, 76-7; H, 5-6. C,,H,,D,O, requires C, 76-2; H, 5-3%). 

Isotopic Analysis of the Deutero-ketone.—Under the above conditions, two hydrogen atoms 
in the ketone are replaced by deuterium, one in the a-position to the carbonyl group as desired, 
and one in the carboxyl group. Normalisation of the latter with respect to hydrogen isotopes 
was unnecessary prior to bromination, since the increase in the deuterium of the acetic acid 
solvent caused by the relatively instantaneous distribution of the carboxyl deuterium could not 
be greater than 0-1% : this would not affect the velocity of halogenation. 

Before combustion, however, normalisation of the carboxyl hydrogen was carried out by 
shaking an ethereal solution of the ketone with tap water, conditions which were shown to cause 
no racemisation of the d-ketone and were therefore assumed to result in no isotopic exchange with 
the «-position. 

Combustion of the ketone followed the lines of a macro-estimation of carbon and hydrogen, 
and this was followed by pyknometric density determination of the combustion water (cf. J., 
1934, 493, 1593; 1935, 492; this vol., p. 1328). 

Certain experimental modifications require mention. The organic material was contained 

in a boat of clean copper foil; the combustion tube, heated 
P,0; tube electrically, was of Jena glass (15 mm. internal diameter), the 
f exit end of which was drawn out obliquely and fixed, by means 
of a short sleeve of rubber, inside the side tube of a Pyrex 
apparatus shown in the figure. As an alternative to diluting 
the combustion water with tap water, it was found more 
convenient to burn a mixture of the deutero-ketone with a 
known amount of either the ordinary ketone or pure naph- 
thalene. The quantities of organic materials taken are deter- 
mined by the size of the pyknometer and the accuracy 
A B desired. 

I Bulb A was maintained at — 78°, and if the oxygen supply 
is continued until all the copper becomes reoxidised (a little 
water appears at this stage) the yield of water is quantitative. 
After the addition of a little silver oxide the side arm is sealed, the water allowed to stand a few 
hours, then repeatedly frozen with evacuation to 0-1 mm. and thawed until gas-free, and 
finally evacuated and sealed off. Complete distillation without ebullition into B, using the 
temperature gradient between 0° and 25°, takes about 3 hours. 

Organic material is economised by the shape of B, which enables the pyknometer to be filled 
with ease when only very little more than the necessary volume of water is available. 

A pyknometer of 0-6 c.c. capacity was used. It was of Pyrex glass, which has the advantage 
of reducing the progressive loss in weight due to solubility. The scratch arm had a capillary 
boré of 0-1 mm. radius, and the tip was provided with a tapering cap (1-5 cm. long), which, 
although not essential in the present instance, is invaluable when dealing with more volatile 
liquids (e.g., benzene, alcohol, etc.; this vol., p. 918). 

Counterpoise and pyknometer had the same external volume (to within 0-05 c.c.); this 
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Bell: 3: 6-Dimethyl Glucose: Improved Methods of Synthesis. 1553 
obviates a correction due to buoyancy which varies with changing density of the air. An 
accuracy in density measurement to + 1-5 p.p.m. was attainable. 

Isotopic analysis of the ketone was performed before and after normalisation of the carboxyl 
group. Expressed as an atomic percentage of deuterium in the substituted positions, the 
figures were 71-7 and 76-7 respectively. This percentage would have been over 90 if the 
equilibrium constant for the exchange had been unity; it must therefore be considerably less 
(cf. Reitz, loc. cit.; Hamill and La Mer, J. Chem. Physics, 1936, 4, 395). Some loss of deuterium 
from the carboxyl group might be expected during experimental manipulation. 

Bromination.—The halogenations were carried out exactly as previously described by Hsii 
and Wilson (loc. cit.) in 16M-acetic acid containing 2% of sodium acetate crystals. Only one 
bromine concentration (0-01M) was employed. 

For the ordinary ketone, tables giving all the measurements are omitted, since they are 
similar to those published previously (idem, ibid.). The mean values of the velocity constants 
in the foregoing table are subject to a possible error not greater than + 5%. 

For the deutero-ketone, one specimen experiment is set out below, to illustrate the method 
of allowing for the 23-3% of ordinary ketone present. Col. 3 gives the total bromine absorption, 
4D + Hy as determined by titration of 5 c.c. of the reaction mixture, 7g is the absorption calculated 
for the ordinary ketone present, its velocity of reaction being known (k,4). The difference 
between these figures represents the absorption (xp) due to the pure deutero-ketone, and corres- 
ponds with the velocity coefficients of the last column (,?). 


Bromination of the Deutero-ketone at 35°. 
k,# = 37-0. 10-* (sec.-!); [Br,] ~ 0-01M; [Ketone III] = 0-03835M; [Ketone IT] = 0-01165M. 


Titre 10°*yM 10°xpM 10% ,> 
¢(mins.). (c.c. N/50-Na,S,0,). 105% 4p)M. (calc.). (by diff.). (sec.-4). 
0 4-65* 0 0 0 _ 
2 4-61 9 5 4 — 
22 4-01 108 55 53 10-7 
70 2-92 346 165 181 11-5 
93 2-44 442 217 225 10-9 
122 1-90 550 276 274 10-2 
141 1-56 618 313 305 9-8 
172 1-07 716 370 346 9-2 


Mean 10-4 + 1:0 
* Extrapolated. 

The average constants from several experiments are collected in the first table; the possible 
error is greater, however, than for &,® owing to the calculation involved, and is set at a maximum 
of + 10%. 

The author thanks Professor C. K. Ingold, D.Sc., F.R.S., for his interest in the work. 


UNIVERSITY COLLEGE, LONDON. [Received, September 19th, 1936.) 





341. 3: 6-Dimethyl Glucose : Improved Methods of Synthesis. 
By D. J. BELL. 


THE method by which 3 : 6-dimethyl glucose was first obtained is both cumbersome and 
inefficient (cf. Bell, J., 1935, 175). Two other methods employing easily procured materials 
are described below. 

Method 1.—6-Acetyl monoacetone glucose, treated with nitrogen pentoxide, gave a 
crystalline dinitrate, which, subjected to the action of alcoholic dimethylamine, was partly 
converted into crystalline monoacetone glucose 5-nitrate. The latter, after methylation by 
Purdie’s reagents and elimination of the nitrate radical, gave 3 : 6-dimethyl monoacetone 
glucose; following hydrolytic removal of the isopropylidene group, crystalline 3 : 6-dimethyl 
glucose was obtained. 

Method 2.—Treatment of 3-methyl monoacetone glucose with 1-1 mols. of p-toluene- 
sulphonyl chloride in pyridine gave an amorphous product (probably largely 6-p-toluene- 
sulphonyl 3-methyl monoacetone glucose). By the action of sodium methoxide on this, 
3 : 6-dimethyl. monoacetone glucose was formed; as before, crystalline 3; 6-dimethyl 
glucose was obtained on hydrolysis. 
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EXPERIMENTAL. 


Unless otherwise stated, solvents were evaporated under diminished pressure in a vacuum, 
below 50°, and polarimetric observations were made in chloroform solution in a 2 dm. tube. 
Substances were recrystallised until a constant m. p. was attained. 

6-Acetyl Monoacetone Glucose 3: 5-Dinitrate (1)—10 G. of 6-acetyl monoacetone glucose 
(cf. Fischer and Noth, Ber., 1918, 51, 321; Bell, this vol., p. 859) were dissolved in 40 ml. of 
an ice-cold 30% solution of crystalline nitrogen pentoxide in dry chloroform and kept in ice for 
2 minutes. The mixture was poured into potassium bicarbonate solution containing ice and 
shaken until the acid was neutralised. After dehydration over sodium sulphate, the chloroform 
solution was evaporated, the residue dissolved in benzene, and the solution extracted four times 
with water. The syrup remaining, after evaporation of the dehydrated benzene solution, 
rapidlygcrystallised. Recrystallised from alcohol, the dinitrate had m. p. 81-5—82-5°, [«]>” 
— 22-7° (c = 5-8). Yield, 10-6 g. (80%) (Found: N, 7-9. C,,H,,0,,N, requires N, 7-95%). 

Monoacetone Glucose 5-Nitrate (I1).—To 364 g, of (I), dissolved in 40 ml. of dry benzene, 67 ml. 
of a 30% solution of dimethylamine in alcohol were added. After 24 hours, the solution was 
evaporated to dryness below 50° on the water-pump, traces of volatile material being finally 
distilled at 100°/0-1 mm. The crude product was dissolved in benzene and extracted several 
times with water; the water was then extracted six times with equal volumes of chloroform, 
and the chloroform extract dehydrated and evaporated. The residue crystallised on trituration 
with methyl iodide. Recrystallised from carbon tetrachloride containing a little ether, the 
nitrate had m. p. 86—87°, [«]??” — 0-4° in alcohol (c = 4-4). Yield, 12 g. (47%) (Found: N, 
4-95. C,H,,0O,N requires N, 5-2%). 

This substance exhibited dimorphism: crystallised from 60% alcohol, it melted at 106°; 
this form, dissolved in hot 60% alcohol, cooled, and seeded with a crystal, m. p. 86—87°, deposited 
crystals having m. p. 86—88°. 

3 : 6-Dimethyl Monoacetone Glucose (I11).—6 G. of (II) were treated three times with 5 mols. 
of methyl iodide and 2-5 mols. of silver oxide. The yield was 3-7 g. of an uncrystallisable 
syrup (OMe, 20%). The low yield could not be accounted for. The syrup was dissolved in 
alcohol and boiled, until free from nitrate, with a large excess of sodium hydroxide solution 
previously saturated with hydrogen sulphide. After removal of the alcohol by distillation, the 
crude product was isolated by six-fold extraction with chloroform. Evaporation of the 
dehydrated chloroform, followed by distillation of the residue in a high vacuum, gave 3 g. of 
a colourless syrup, [a]?” — 45-9° (c = 5-0) (Found : OMe, 24-8. C,,H,.O, requires OMe, 25-0%). 

3 : 6-Dimethyl Monoacetone Glucose from the Crude €-p-Toluenesulphonate of 3-Methyl Mono- 
acetone Glucose (IV).—To 30 g. of 3-methyl monoacetone glucose (Freudenberg, Diirr, and 
Hochstetter, Ber., 1928, 61, 1739), dissolved in 150 ml. of dry pyridine, 27 g. (1-1 mols.) of finely 
powdered -toluenesulphonyl chloride were added. The mixture was kept at 28° for 24 hours, 
water added, and, after 2 hours, the crude product was extracted with benzene and isolated, 
after alternate washing with ice-cold 1% sulphuric acid and potassium bicarbonate solution, 
by evaporation to dryness of the benzene solution. The residual material was dissolved in 
alcohol, and light petroleum (b. p. 60—80°) added until no more of a dark coloured oil was thrown 
down. This was rejected, and a light yellow glass obtained after evaporation of the supernatant 
liquor. 24 G. of this glass were treated with sodium methoxide exactly as described by Levene 
and Raymond (J. Biol. Chem., 1932, 97, 751) for the preparation of 6-methyl monoacetone 
glucose. The crude product (7 g.), obtained after evaporation of a water-washed chloroform 
solution and distillation in a high vacuum, was a colourless syrup, [«]?” — 45-8° (c = 4) (Found : 
OMe, 24-7. C,,H  O, requires OMe, 25-0%). 

3: 6-Dimethyl Glucose.—(a) From (III). 1-6 G. were boiled, in 4% concentration, in a 
mixture of equal parts of alcohol and 5% hydrochloric acid until a constant polarimetric reading 
was obtained. After neutralisation of the acid with silver carbonate, followed by removal 
of colloidal silver, with norit, the solution was extracted with chloroform to remove unchanged 
material, evaporated to dryness, and the resulting colourless syrup (1-21 g., 91%) crystallised 
from dry ethyl acetate. Three fractions were obtained, totalling over 90% of the crude yield. 
All had m. p. 114—115°, alone or mixed with authentic 3 : 6-dimethyl glucose; [a]? + 61-6° 
(in water at equilibrium). 

(b) From (IV). 2-6 G. were treated as above. Yield, 2-34 g. (97%); m. p. 113—115°; 
[«]>” + 61-5° (in water at equilibrium). 


Tue BiocHEMICAL LABORATORY, CAMBRIDGE. (Received, August 6th, 1936.] 
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342. Aneurin. Part III.* Methyl a-Chloro-y-hydroxypropyl Ketone 
and its Application to Thiazole Synthesis. 


By A. R. Topp, F. BERGEL, and (Miss) A. JACOB. 


By cleavage of aneurin (vitamin B,) with an acid solution of sodium sulphite Williams, 
Waterman, Keresztesy, and Buchman (J. Amer. Chem. Soc., 1935, 57, 536) obtained an 
acidic substance C,H,O,N,S, considered to be a pyrimidinesulphonic acid, and a base 
C,H,ONS, which Clarke and Gurin (ibid., p. 1876) showed to be identical with 4-methyl- 
5-6-hydroxyethylthiazole. Largely on the basis of this work Williams (tbid., p. 229) 
formulated the vitamin hydrochloride as 3-(6’-amino-4'-ethylpyrimidy]-5’)-4-methy]-5-8- 
hydroxyethylthiazolium chloride hydrochloride (III; R = H). 





N N 
NH, CH,CH,-OR Lynn, Pgh 
NU JNH-CSH CHC-COMe Ne, NG | HCI 
t t a. 


Me CH,°CH,-OR 
(I.) (II.) (III.) 


It seemed possible that quaternary salts of type (III) might be synthesised by extend- 
ing the methods employed for 3-arylthiazolium salts (Clarke and Gurin, loc. cit.; Todd, 
Bergel, and Karimullah, Ber., 1936, 69, 217) to the condensation of 6-amino-5-thioform- 
amido-4-ethylpyrimidine (I) with a suitable «-halogenated ketone (II). In their synthesis 
of 4-methyl-5-8-hydroxyethylthiazole Clarke and Gurin (loc. cit.) condensed methyl 
«-chloro-y-ethoxypropyl ketone (II; R= Et) with thioformamide and subsequently 
de-alkylated the 4-methyl-5-$-ethoxyethylthiazole initially formed, by heating in a sealed 
tube with concentrated hydrochloric acid. Such treatment is known to deaminate aneurin 
(Buchman and Williams, ]. Amer. Chem. Soc., 1935, 57, 1751; Barger, Bergel, and Todd, 
Ber., 1935, 68, 2257), so the above-mentioned ethoxy-ketone was regarded as useless for 
our purpose. 

We therefore synthesised methyl «-chloro-y-hydroxypropyl ketone (I1; R = H) according 
to the scheme : 


CH,-CO-O-CH,-CH,Br ++ CH,-CO-CHNa-CO,Et —> 
CH,°CO-O-CH,*CH,CH(CO,Et)CO-CH, (V.) 


SOC, CH,CO-O-CH,°CH,°CCI(CO, Et)-CO-CH, "83 HO-CH,-CH,-CHCI-CO-CH, 
(V.) 


The condensation of $-bromoethyl acetate with ethyl sodioacetoacetate at 160° (Haller 
and March, Compt. rend., 1908, 139, 100; Bull. Soc. chim., 1905, 33, 618) is unsatisfactory ; 
better results are obtained by using benzene as a diluent and refluxing the mixture on 
the water-bath. Chlorination of (IV) with sulphury] chloride proceeds smoothly, and the 
desired chloro-ketone is obtained on careful hydrolysis of the product (V). 

Methyl «-chloro-y-hydroxypropyl ketone condensed readily with thioformamide, 
yielding 4-methyl-5-8-hydroxyethylthiazole, whose picrate gave no depression in m. p. 
when mixed with the specimen (m. p. 162°) prepared from the vitamin. 

Efforts were also made to prepare methyl «-halogeno-y-phenoxypropy] ketones in the 
hope that the phenoxythiazoles resulting from their condensation with thioamides would 
yield the corresponding hydroxy-compounds under relatively mild conditions. At first, 
direct halogenation of methyl y-phenoxypropyl ketone (Boyd, Barrett, and Robinson, J., 
1932, 318) was tried under a variety of conditions, but no homogeneous products could 
be isolated. The synthesis of methyl «-chloro-y-phenoxypropyl ketone (II; R = Ph) was, 
however, effected by a method analogous to that employed for the corresponding hydroxy- 
compound (II; R =H); as is evident from the chlorine content, the substance could 


* Part II; Ber., 1936, 69, 217. 
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not be purified completely, but condensation with thioacetamide gave in good yield, 
2 : 4-dimethy]-5-8-phenoxyethylthiazole, isolated as its picrate. Further experiments 
with phenoxythiazoles were discontinued, as replacement of the phenoxy-group by 
hydroxyl could not be satisfactorily accomplished. 


EXPERIMENTAL. 


Ethyl «a-2-Acetoxyethylacetoacetate ([V).—To a suspension of dry ethyl sodioacetoacetate 
(152 g.) in dry benzene (700 c.c.), 8-bromoethyl acetate (167 g.) was added at 15—20°. The 
mixture was heated on the water-bath until the solution reacted faintly alkaline (6—10 hours), 
then cooled, poured into ice-water, and extracted with ether. After removal of the ether the 
residual oil was distilled under reduced pressure, the fraction, b. p. 138—142°/12 mm., being 
collected (yield, 25%). Haller and March (/oc. cit.) give b. p. 147—150°/13 mm. 

Ethyl a-Chloro-a-2-acetoxyethylacetoacetate (V).—Sulphuryl chloride (82 g.) was added during 
1 hour with stirring to the ester (IV) (123 g.) at 0°. The solution was kept at 0° for a further 
hour, then diluted with ether (250 c.c.) and refluxed for a short time to remove sulphur dioxide 
and hydrogen chloride. The ether was removed, and the residual oil repeatedly fractionated 
inavacuum. The main fraction, b. p. 120—121°/2 mm., was collected (yield, 86%) (Found : 
C, 47-9; H, 6-0; Cl, 13-3. C,,H,,0,Cl requires C, 47-9; H, 6-0; Cl, 14-1%). 

Methyl «a-Chloro-y-acetoxypropyl Ketone (II; R = CO-CH,).—The above ester (V) was 
heated under reflux for 6 hours with a mixture of dilute sulphuric acid (20 c.c. of 15%) and 
glacial acetic acid (20 c.c.). The solution was cooled, poured into water, and extracted with 
ether. After removal of the ether and acetic acid a colourless liquid was obtained which after 
several fractionations boiled at 90—93/2 mm. (yield, 40%) (Found: C, 47-1; H, 6-2; Cl, 19-8. 
C,H,,0,Cl requires C, 47-0; H, 6-2; Cl, 19-9%). 

Methyl a-Chloro-y-hydroxypropyl Ketone (Il; R = H).—The chloro-ester (V) was heated 
under reflux during 4 hours with dilute sulphuric acid (35 c.c. of 35%) and alcohol (70 c.c.), 
then poured into water, and the mixture extracted with ether. On removal of ether from the 
dried extract an oil was left which after repeated fractionation gave a colourless liquid, b. p. 
85—92°/16 mm. (yield, 20%) (Found: Cl, 25-4. C,;H,O,Cl requires Cl, 26-0%). 

4-Methyl-5-8-hydroxyethylthiazole.—An ethereal solution of thioformamide was prepared by 
shaking together finely powdered phosphorus pentasulphide (12 g.), formamide (20 g.), and 
absolute ether (200 c.c.) for ca. 20 hours (Gabriel, Ber., 1916, 49, 1145); the clear ethereal 
layer was decanted and used as a stock solution of thioformamide. 

When a mixture of the chloro-ketone (II; R= H) (250 mg.) and the thioformamide 
solution (10 c.c.) was kept, colourless crystals of the thiazole hydrochloride slowly separated. 
After 5 hours the ether was distilled off, and the residue heated for 1 hour at 100°, cooled, and 
dissolved in dilute hydrochloric acid. After extraction with ether to remove any unchanged 
ketone, the solution was made strongly alkaline and again extracted with ether. The extract 
on evaporation yielded 4-methyl-5-8-hydroxyethylthiazole as an almost colourless oil, b. p. 
250—255° (capillary method of Emich). The base was not purified further; treatment with 
ethereal picric acid gave a picrate crystallising from alcohol in yellow needles, m. p. 162—163° 
(Found: S, 8-2. (C,,H,,O,N,S requires S, 8-6%). 

Ethyl a-2-Phenoxyethylacetoacetate.—This ester was prepared from 8-phenoxyethyl bromide 
and ethyl sodioacetoacetate in alcoholic solution (cf. Boyd, Barrett, and Robinson, /oc. cit.). 
It had b. p. 148°/4 mm. (Found: C, 68-1; H, 7-3. C,,H,,O, requires C, 67-2; H, 7-2%). 

Ethyl a-Chloro-«-2-phenoxyethylacetoacetate-—The above ester (10 g.) was chlorinated with 
sulphuryl chloride (6 g.) in the manner described under the corresponding acetoxy-compound 
(V). The product was a colourless liquid, b. p. 135—140°/3 mm. (yield, 70%) (Found: C, 
59-3; H, 6-1; Cl, 11-9. C,,H,,0,Cl requires C, 59-1; H, 6-0; Cl, 12-4%). 

Methyl a-Chloro~y-phenoxypropyl Ketone (II; R = Ph).—The above chloro-ester (7 g.) was 
hydrolysed by refluxing for 4 hours with a mixture of dilute sulphuric acid (14 c.c. of 15%) 
and glacial acetic acid (14.c.c.). After repeated distillation the main fraction of the product 
boiled at 168—172°/12 mm. (Found: C, 62-0; H, 6-0; Cl, 12-2. C,,H,,0,Cl requires C, 
62-1; H, 6-1; Cl, 16-7%). The low chlorine content may be due to partial decomposition 
during distillation; that the substance is mainly the desired ketone is shown by its condensation 
with thioacetamide. 

2 : 4-Dimethyl-5-B-phenoxyethylthiazole.—The above chloro-ketone (200 mg.) reacted rapidly 
with thioacetamide (60 mg.) when the mixture was warmed for a few minutes over a free 
flame. The free base was finally obtained as a colourless thick oil. It gave a picrate crystal- 

















== a 


ws (We 8H OD 


sc wa Vy Va 








Todd, Bergel, and Karimullah: Aneurin. Part IV. 1557 


lising from alcohol in yellow needles, m. p. 122° (Found: N, 12-1; S, 6-8. C,9H,,0,N,S 
requires N, 12-1; S, 69%). 


The authors express their thanks to the Rockefeller Foundation for a grant, and to the Beit 
Memorial Trustees for a Fellowship awarded to one of them (A. R. T.). 
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343. Aneurin. Part IV. 5-Thioformamidopyrimidines. 
By A. R. Topp, F. BERGEL, and KARIMULLAH. 


For the synthesis of 3-pyrimidylthiazolium salts according to the scheme indicated in 
the preceding paper it is necessary to synthesise 5-thioformamidopyrimidine derivatives 
including those of type (I). It is known that an amino-group in position 5 of the pyrimidine 
nucleus is unique in that it is readily acylated; amino-groups in other positions are not. 
Thus, formylation of a 5 : 6-diaminopyrimidine leads to the formation of the corresponding 
6-amino-5-formamidopyrimidine and not to a diformyl derivative (Gabriel and Colman, 
Ber., 1901, 34, 1246; Johns, Amer. Chem. J., 1908, 41,58). Thioacylamidopyrimidines are 
not described in the literature, and we were unable to prepare them by the action of 
phosphorus pentasulphide on the corresponding acyl derivatives. A similar lack of success 
was encountered on attempting to replace the 5-amino-group by an isonitrile group with a 
view to subsequent addition of hydrogen sulphide according to Hofmann (Ber., 1878, 11, 
339). 
N 


R H, H H 
(t) H-CSH N HcsR 


Me 


Thioacetic acid reacts readily with primary amines to give the corresponding acetyl 
derivatives (Pawlewski, Ber., 1898, 31, 661; 1902, 35, 110); accordingly we next tried 
direct thioacylation by heating amines with dithio-acids (R-CS‘SH). With dithioacetic 
acid, this was completely successful and 5-thioacetamido-4-methyluracil (II; R = Me) was 
readily obtained from 5-amino-4-methyluracil. Dithioformic acid acts in a similar way,* 
but the yield is not good and the product is difficult to purify. It was, however, found that 
the thioformylation can be readily effected by mixing aqueous solutions of 5-amino- 
pyrimidines and potassium dithioformate; at room temperature in an atmosphere of 
carbon dioxide the thioformyl derivatives normally separate in almost pure condition, 
the yield being nearly quantitative. Amino-groups in positions 2, 4 and 6 of the pyrimidine 
nucleus did not react under these conditions. 

In this way 6-amino-5-thioformamido-4-methylpyrimidine (I; R, = H, R, = Me), 6- 
amino-5-thioformamido-4-ethylpyrimidine (I; R,=H, R,=Et), and 2: 6-diamino- 
5-thioformamido-4-methylpyrimidine (I; R, = NH,, R, = Me) were prepared from the 
corresponding 5-amino-compounds ; they are crystalline substances which evolve hydrogen 
sulphide above the melting point and yield the corresponding purines. On heating with 
chloroacetone, they yield the corresponding 3-pyrimidylthiazolium salts. 

In the course of this work a considerable number of aminopyrimidines were prepared ; 
most of these are known compounds, but 2-amino-6-hydroxy-4-ethylpyrimidine and 2 : 6- 
diamino-4-ethylpyrimidine have not hitherto been described. Neither could be thioformyl- 
ated with potassium dithioformate. 


EXPERIMENTAL. 


5-Thioacetamido-4-methyluracil (Il; R = Me).—5-Amino-4-methyluracil (1 g.) (Behrend, 
Annalen, 1885, 231, 250), dissolved in dioxan (50 c.c.), was heated on the water-bath with di- 


* Experiments by Miss A. Jacob. 
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thioacetic acid (0-9 g.) (Pohly Ber,, 1907, 40, 1304) during 4 hours. The mixture was cooled 
and diluted with light petroleum. The yellowish precipitate crystallised from hot water in 
colourless needles, m. p. 265+267° (Found: C, 42-4; H, 4-8; N, 21-1. C,H,O,N,S requires 
C, 42-2; H, 46; N, 21-2%). Yield, quantitative. 

5-Thioformamido-4-methyluracil (Il; R = H).—5-Amino-4-methyluracil (1 g.) in dioxan 
(50 c.c.) was heated under reflux with dithioformic acid (0-7 g.) (Levi, Atti R. Accad. Lincei, 
1923, 32, I, 569). The crude thioformyl derivative precipitated with light petroleum was 
difficult to purify. After recrystallisation from water it had m. p. 260—262° (Found : N, 21-0. 
C,H,O,N,S requires N, 22-7%. C,H,O,N,S,H,O requires N, 20-7%). 

3-(2’ : 6’-Dihydroxy-4’-methylpyrimidyl-5’)-4-methylthiazolium Chloride—The above thio- 
formyl compound (1 mol.), mixed with chloroacetone (4—5 mols.), was heated carefully over a 
free flame. Vigorous reaction occurred, and after 10—15 minutes the mixture was cooled, and 
the product precipitated as a gum by addition of ether. It crystallised from alcohol—acetone 
in colourless needles, m. p. 306° (decomp.) (Found: C, 40-9; H, 46; N, 15-6; Cl, 13-6. 
C,H,,0O,N,CIS requires C, 41-4; H, 4:3; N, 16-1; Cl, 13-6%). 

6-A mino-5-thioformamido-4-methylpyrimidine (I; R, = H, R, = Me).—To 5: 6-diamino-4- 
methylpyrimidine (1-5 g.) (Gabriel and Colman, Ber., 1901, 34, 1254), dissolved in water (10 c.c.), 
potassium dithioformate (2 g.) was added; traces of crystalline material, m. p. above 300°, 
soon separated. The solution was filtered and kept over sulphuric acid in a desiccator filled 
with carbon dioxide. After 12 hours the crystalline precipitate was collected (the filtrate 
may be treated with a further quantity of potassium dithioformate and the process repeated 
until the yield is nearly quantitative). The thioformyl compound crystallised from water in 
colourless needles (Found: C, 43-0; H, 5-2; S, 18-6. C,H,N,S requires C, 42-9; H, 4-8; 
S, 190%). It melted sharply at 168° with evolution of hydrogen sulphide; the melt resolidified 
and on further heating melted at 230°. Gabriel (Ber., 1901, 34, 1247) gives m. p. 235° for 
4-methylpurine. Conversion into 4-methylpurine occurs slowly above 100°. The substance 
is very soluble in alcohol, less so in methyl alcohol, acetone and water, and insoluble in ether. 

2-A mino-6-hydroxy-4-ethylpyrimidine.—A mixture of ethyl propionylacetate (13-3 g.) 
(Willstatter and Clarke, Ber., 1914, 47, 298), guanidine carbonate (8 g.), and absolute alcohol 
(25 c.c.) was heated under reflux for 4 hours, cooled, and the product filtered off and recrystallised 
from hot water; it formed colourless prisms (7 g.), m. p. 247—248° (Found: C, 51-6; H, 6-2; 
N, 29-6. C,H,ON, requires C, 51-8; H, 6-2; N, 30-2%). When it (1 g.) was heated with 
concentrated hydrochloric acid (6 c.c.) for 20 hours at 160°, 4-ethyluracil, m. p. 205°, was obtained 
(yield, 60%). 

6-Chloro-2-amino-4-ethylpyrimidine.—A mixture of the above compound (3-5 g.) and 
phosphoryl chloride (10 c.c.) was heated under reflux for 2 hours. The resulting brownish 
solution was poured on ice and made alkaline with ammonia, and the precipitated chloro- 
compound collected. It crystallised from alcohol in colourless needles, m. p. 120—121° (yield, 
60%) (Found: C, 45-2; H, 4-9; N, 26-1. C,H,N,Cl requires C, 45-7; H, 5-1; N, 26-7%). 

2 : 6-Diamino-4-ethylpyrimidine.—The above chloro-compound (0-6 g.) was heated with 
saturated alcoholic ammonia (20 c.c.) in a sealed tube at 180° during 6 hours. The alcohol was 
removed, the residue dissolved in a little water, and solid potassium hydroxide added. The 
precipitated diamine was collected and recrystallised from ethyl acetate containing a little 
light petroleum; it formed colourless needles, m. p. 160—161° (yield, 80%) (Found: N, 40-0. 
C.H,)N, requires N, 40-6%). 

6-A mino-5-thioformamido-4-ethylpyrimidine (I; R, = H, R, = Et).—5 : 6-Diamino-4-ethyl- 
pyrimidine was prepared from 4-ethyluracil by a slight modification of Robinson and Tomlinson’s 
method (J., 1935, 1283). The following process for isolating the diamine is simpler and gives 
much improved yields : The reaction mixture obtained on reduction of 2-chloro-5 : 6-diamino-4- 
ethylpyrimidine is filtered, concentrated to remove alcohol, and diluted somewhat with water, 
and solid potassium hydroxide added. The precipitated diamine crystallises from ethyl acetate 
in large yellowish prisms, m. p. 164—165°; Robinson and Tomlinson (loc. cit.) give m. p. 159— 
161°. A further quantity may be obtained by extracting the alkaline mother-liquor with ethyl 
acetate (total yield, 60% or more). 

The diamine (100 mg.), thioformylated in aqueous solution with potassium dithioformate in 
the manner described above, gave a product crystallising from water in colourless needles, m. p. 
178° with evolution of hydrogen sulphide (yield, theoretical) (Found: C, 45-5; H, 6-0; S, 17:1. 
C,H,,N,S requires C, 46-1; H, 5-5; S, 17-6%). 

2 : 6-Diamino-5-thioformamido-4-methylpyrimidine (I; R, = NH,, R, = Me).—2: 5: 6- 
Triamino-4-methylpyrimidine (Gabriel and Colman, Joc. cit.) on treatment with potassium 
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dithioformate as above gave colourless needles (from water), m. p. 255° with evolution of 
hydrogen sulphide (Found: S, 17-2. C,H,N,S requires S, 17-5%). 

3-(2’ : 6’-Diamino-4’-methylpyrimidyl-5’)-4-methylthiazolium Chloride Hydrochloride.—To a 
solution of the above thioformyl compound (1 mol.) in acetone, chloroacetone (2 mols.) was 
added. The mixture was left for 3 days at room temperature, then diluted with an equal volume 
of alcohol, and refluxed for 4 hours. The colourless needles that separated were collected 
after cooling and recrystallised from alcohol—acetone containing hydrogen chloride; needles, 
m. p. 315° (decomp.), were obtained containing water of crystallisation, which was only expelled 
with difficulty (Found : C, 31-2; H, 5-4; N, 19-9; S,9-0; Cl, 20-4. C,H,,N,Cl,S,3H,O requires 
C, 31-0; H, 5-5; N, 20-1; S, 92; Cl, 20-2). The corresponding picrate has m. p. 255°. 
On shaking with alkaline potassium ferricyanide, a substance is produced which, though non- 
fluorescent in visible light, is blue-fluorescent in ultra-violet light; the fluorescence disappears 
when the liquid is made acid, but reappears when it is made alkaline again. 


Our thanks are due to the Rockefeller Foundation for a grant, and to the Beit Memorial 
Trustees for a Fellowship awarded to one of us (A. R. T.). 
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344, <Aneurin. Part V. The Synthesis of 3-Pyrimidylthiazolium 
Salts, including an Isomer of Aneurin.* 


By A. R. Topp and F. BERGEL. 


ALTHOUGH 3-pyrimidylthiazolium salts can be synthesised by heating 5-thioformamido- 
pyrimidines with chloroacetone (preceding paper), this simple method cannot be applied 
when chloroacetone is replaced by methyl «-chloro-y-hydroxypropyl ketone, owing to the 
low reactivity of the latter substance. The difficulty can, however, be surmounted by 
using, in place of the free thioformamido-compound, its sodium salt. This condenses 
readily in absolute-alcoholic solution with «-halogenated ketones and the product, treated 
with hydrogen chloride, yields the desired 3-pyrimidylthiazolium salt. In this way, the 
sodium salt of 6-amino-5-thioformamido-4-ethylpyrimidine (I), condensed with methyl 
a-chloro-y-hydroxypropyl ketone (II), yielded 3-(6’-amino-4'-ethylpyrimidyl-5’)-4-methyl- 
5-8-hydroxyethylthiazolium chloride hydrochloride (II1; R, = H, R, = Et). 


N N 
‘ou etait .: H, H— 
UN HCI-COMe Ren 
Kt Cl , 
2 Me CH,CH,-OH 
(I.) (II.) (III) 


According to the original suggestion of Williams (J. Amer. Chem. Soc., 1935, 57, 229), 
(IIl; R=H, R, = Et) should have been identical with the hydrochloride of aneurin 
(vitamin B,). This was not the case; in appearance and general solubilities the synthetic 
substance resembled the natural vitamin hydrochloride, but it melted much lower (220° 
as compared with 250°) and when tested on rats by the electrocardiographic method of 
Birch and Harris (Biochem. J., 1934, 28, 602) it showed no measurable physiological activity. 
Several other synthetic 3-pyrimidylthiazolium salts described in the experimental part of 
the paper were tested biologically with similar negative results, and none of them underwent 
fission with sodium sulphite in acid solution. The formaldehyde-azo-test of Kinnersley 
and Peters (Biochem. J., 1934, 28, 667) is given by (III; R = H, R, = Et) as well as by 
the actual vitamin. Our observations, however, suggest that a positive result in this test 
depends in some way on the presence of a 8-hydroxyethy]l group in position 5 and a hydrogen 
atom in position 2 of the thiazole nucleus. Thus 3-pyrimidylthiazolium salts without 
the §-hydroxyethyl group, the oxychlorovitamin of Buchman and Williams (J. Amer. 


* A preliminary note on the results of this investigation has already been published by us (Nature, 
1936, 138, 76). 
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Chem. Soc., 1935, 68, 1751), and thiochrome (Barger, Bergel, and Todd, Ber., 1935, 68, 
2257) all give negative results. 

Any possibility that the vitamin might be represented by a closely related structure 
(III; R, = R,= Me) may be excluded on the following grounds. When synthetic 
3-pyrimidylthiazolium salts containing an amino-group in position 6’ are oxidised with 
alkaline potassium ferricyanide under the conditions used for preparing thiochrome from 
aneurin, they yield solutions which, though blue-fluorescent in ultra-violet light, show no 
fluorescence whatever in visible light, in which thiochrome solutions fluoresce strongly. 
Evidence pointing in the same direction has been obtained in experiments carried out with 
a view to synthesising thiochrome, for which, on the basis of structure (III; R= H, 
R, = Et), we proposed the formula (IV) (Barger, Bergel, and Todd, Joc. cit.). 


NWN S mn m6 


N06 CH CH, OH H No gt ay 
N'—“CMe N—CMe 
H 


By analogy with 3-methylthiazolobenzimidazole (Todd, Bergel, and Karimullah, Ber., 
1936, 69, 217) thiazolopurines of type (IV) should be capable of synthesis from 8-thiopurines 
and «-halogenated ketones. By this means Mr. B. A. Hems, B.Sc., prepared from 2 : 6- 
dihydroxy-8-thiopurine (Fischer, Ber., 1898, 81, 431) and chloroacetone the substance (V). 
This compound had a feeble though distinct fluorescence in ultra-violet light but none in 
visible light. In continuation we have condensed 8-thio-6-methylpurine (Gabriel, Ber., 
1901, 34, 1254) and 8-thio-6-ethylpurine (prepared in a similar fashion from 4 : 5-diamino-6- 
ethylpyrimidine) with chloroacetone and with methyl «-chloro-y-hydroxypropyl ketone 
(II); the products were rot purified, but in neutral or alkaline solution they showed feeble 
blue fluorescence only when viewed in ultra-violet light. The non-fluorescence of thiazolo- 
purines in visible light has recently been noted in addition by Ochiai (Ber., 1936, 69, 1650). 
The conclusion that thiochrome is not a thiazolopurine derivative is inevitable. On the 
available evidence it is clear that aneurin is not a 3-pyrimidylthiazolium salt. The only 
alternative structure which will accord with the properties of the vitamin is proposed by 
Makino and Imai (Z. physiol. Chem., 1936, 239, 1), namely (VI; R = H, R, = Me) or the 
closely related (VI; R, = Me, R, = H) differing only in the position of a methyl group. 


N N NN S 
( \NH, 1 M H, M \o/\¢-CH;-CH,OH 
N H,—N = tH N\ JCH,SO,H N X—Ume 


Cl Me CH,CH,OH Hy; 
(VI.) (VII.) (VIII.) 


Simultaneously with the completion of this work, Williams (J. Amer. Chem. Soc., 1936, 
58, 1063) announced that the pyrimidinesulphonic acid from the sulphite cleavage of aneurin 
has the structure (VII), and that aneurin itself is consequently (VI; R, = Me, R, = H). 
A synthesis of (VII) has also been recorded by Grewe (Z. physiol. Chem., 1936, 242, 89), 
who, however, does not describe the preparation of 6-amino-2-methyl-5-bromoethy]- 
pyrimidine, its immediate precursor; he also states that (VI; R = Me, R, = H) syn- 
thesised by the J.G. Farbenindustrie A.G. in their Elberfeld laboratories is identical with 
the vitamin. 

On the basis of the vitamin formula (VI; R = Me, R, = H) thiochrome should have 
the structure (VIII); this is at present being investigated by synthetic methods. 


EXPERIMENTAL. 
3-(6’-A mino-4'-ethylpyrimidyl-5’)-4-methyl-5-B-hydroxyethylihiazolium Chloride Hydrochloride 
(Ill; R,=H, R,= Et)—To a mixture of 6-amino-5-thioformamido-4-ethylpyrimidine 
(108-5 mg.; 1 mol.) (preceding paper) and absolute alcohol (10 c.c.) was added a solution of 
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sodium ethoxide in alcohol (1 c.c. containing 13-7 mg.; latom Na). To the clear solution formed, 
methyl «-chloro~y-hydroxypropyl ketone (0-1 c.c.; 4.¢., excess) was added and the mixture left 
overnight at room temperature. After filtration from sodium chloride, alcoholic hydrogen 
chloride (0-3 c.c. containing 27-7 mg.; 1 mol. HCl) was added, and the solution heated under 
reflux for 4 hours. A further quantity of alcoholic hydrogen chloride (0-3 c.c.;. 1 mol. HCl) 
was then added, heating continued for 1 hour, the solution cooled, and excess of acetone added 
to precipitate the quaternary sali, which crystallised in the ice-chest after a few hours. The 
hygroscopic product crystallised from alcohol—acetone in bundles of small colourless needles 
containing water of crystallisation. This was expelled at 100—110° and the salt then had m. p. 
220° (decomp.) (Found: C, 41-1; H, 6-1; S, 85; Cl, 20-5. C,,H,,ON,C1,S,H,O requires 
C, 40-6; H, 5-6; S, 9-0; Cl, 20-0%). 

Oxidation with alkaline potassium ferricyanide gave solutions which, though non-fluorescent 
in visible light, had blue fluorescence in ultra-violet light. The formaldehyde—azo-test was 
positive and indistinguishable from that given by natural aneurin. Tested by the electro- 
cardiagraphic method, 1-2 mg. contained less than 1 I.U. The inactivity of the substance was 
confirmed by Professor R. A. Peters, who kindly examined it, and to whom we wish to express 
our thanks. 

3-(6’-A mino-4'-ethylpyrimidyl-5’)-4-methylthiazolium Chloride Hydrochloride.—6-Amino-5- 
thioformamido-4-ethylpyrimidine (108-5 g.) was converted into its sodium salt and condensed 
with chloroacetone (0-1 c.c.) in a manner similar to that described above, the total period of 
heating being in this case only 3 hours. The product crystallised from alcohol—acetone in hygro- 
scopic colourless needles, m. p. 252—253° (decomp.) (Found: C, 40-6; H, 5-1; S, 10-5; Cl, 23-6. 
C,9H,,N,C1,S requires C, 40-9; H, 4-8; S, 10-9; Cl, 24-2%). 

The substance reacted negative in the formaldehyde—azo-test and, tested by the electro- 
cardiagraphic method, 2-8 mg. contained less than 1 1.U. Oxidation with alkaline potassium 
ferricyanide gave a solution which had weak blue fluorescence in ultra-violet light. 

3-(6’-A mino-4’-methylpyrimidyl-5’)-4-methyl-5-B-hydroxyethylthiazolium Chloride Hydrochloride 
(III; R,=H, R, = Me).—6-Amino-5-thioformamido-4-methylpyrimidine (100. mg.) was 
converted into its sodium salt and condensed with methyl «a-chloro-y-hydroxypropyl ketone 
(0-1 c.c.) in the manner above described, the total period of heating being 5 hours. The product 
crystallised from alccohol—ethyl acetate in colourless needles, which lost water of crystallisation 
at 100—110° and melted and decomposed at 250° (Found: C, 38-8; H, 5-4; S, 8-5; Cl, 21-0. 
C,,H,,ON,CI1,S,H,O requires C, 38-7; H, 5-4; S, 9-4; Cl, 20-8%). 

The substance gives a positive formaldehyde—azo-test and oxidation with alkaline potassium 
ferricyanide gives a solution which is blue fluorescent in ultra-violet light. Tested by the 
electrocardiagraphic method, 2-8 mg. contained less than | I1.U. 

3-(6’-A mino-4’-methylpyrimidyl-5’)-4-methylthiazolium Chloride Hydrochloride.—6-Amino- 
5-thioformamido-4-methylpyrimidine (100 mg.), condensed in the form of the sodium salt with 
chloroacetone (0-1 c.c.), the period of heating being 3 hours, gave a product crystallising from 
alcohol—acetone in needles, m. p. 254—255° (decomp.). Owing to its extremely hygroscopic 
character it was difficult to analyse (Found: C, 33-9; H, 5-7. C,H,,N,Cl,S,2H,O requires 
C, 34:2; H, 51%). The substance did not give the formaldehyde—azo-test and, tested 
biologically by the electrocardiagraphic method, 5 mg. contained less than 1 I.U. Oxidation 
with alkaline potassium ferricyanide gave a solution blue-fluorescent in ultra-violet light. 

2 : 6-Dihydroxy-8-thiopurine.—This substance was prepared by Fischer (loc. cit.) by heating 
bromoxanthine with potassium hydrogen sulphide. We obtained it in the following way : 
4 : §-diamino-2 : 6-dihydroxypyrimidine (1 mol.) (Traube, Ber., 1900, 33, 1382) was heated with 
thiourea (4 mols.) at 240—250° for 1 hour. The melt was cooled and extracted repeatedly with 
boiling water; the extract on cooling deposited a nearly colourless powder having the properties 
recorded by Fischer (loc. cit.) (Found in material dried at 150° in a high vacuum: N, 30-8. 
Calc. for C;sH,O,N,S: N, 30-4%). 

2 : 6-Dihydroxy-4'-methylthiazolo-(2’ : 3’ : 8 : 71)purine (V).—2 : 6-Dihydroxy-8-thiopurine (120 
mg.) was boiled with chloroacetone (200 mg.) for 20 minutes, the mixture then being cooled and 
diluted with ether. The solid residue was recrystallised from a solution in hot dilute aqueous 
ammonia made weakly acid with acetic acid; on cooling, the product separated as a white 
micro-crystalline powder which did not melt below 250° (Found: C, 42-7; H, 2-8; N, 25-0; 
S, 14:7. C,H,O,N,S requires C, 43-2; H, 2-7; N, 26-2; S, 14-4%).. The substance is soluble 
in aqueous ammonia, caustic alkalis, and hydrochloric acid and insoluble in dilute acetic acid 
or cold water. A solution in concentrated aqueous ammonia gives no immediate precipitate 
with silver nitrate (distinction from 2 : 6-dihydroxy-8-thiopurine). Its ammoniacal solution 
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fluoresces light blue in ultra-violet light, the fluorescence disappearing when the solution is 
made acid. 

8-Thio-6-ethylpurine.—4 : 5-Diamino-6-ethylpyrimidine (100 mg.) was heated with thiourea 
(150 mg.) at 170—180° for 1 hour; evolution of ammonia had then ceased. The melt was cooled, 
and triturated with water, and the insoluble residue dissolved in hot dilute aqueous ammonia. 
After treatment with charcoal and removal of the ammonia by boiling, the solution was cooled ; 
it deposited yellowish needles, m. p. above 300° (Found: C, 46-9; H, 4:4. C,H,N,S requires 
C, 46-7; H, 4-4%). 

Experiments on the Condensation of 4-Methyl- and 4-Ethyl-8-thiopurines with a-Halogenated 
Ketones._-The general method used was to heat the sodium derivative of the thiopurine with 
the appropriate halogenated ketone in alcoholic solution for 12 hours. The ketones used were 
chloroacetone and methyl «-chloro-y-hydroxypropyl ketone; in every case solutions were 
obtained which when neutral or alkaline showed blue fluorescence in ultra-violet light, but no 
fluorescence in visible light could be detected. As the products were difficult to isolate in a pure 
state, the experiments were not pursued further, it being clear that no substances similar to 
thiochrome were obtainable in this way. 


The authors thank the Rockefeller Foundation for a grant, and the Beit Memorial 
Trustees for a Fellowship awarded to one of them (A. R. T.). 
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345. Lanosterol. Part I. 
By CHARLES DoREE and VLADIMIR A. PETROW. 


THE unsaponifiable portion of the grease from the wool of the sheep contains cholesterol and 
isocholesterol. The latter has been shown to consist chiefly of lanosterol, C3,H;,O0, together 
with about 10% of a similar substance, agnosterol, C;,H,,O (Windaus and Tschesche, 
Z. physiol. Chem., 1930, 190, 59). The association of lanosterol with cholesterol and the 
apparent similarity of their reactions caused lanosterol to be regarded as a sterol, although 
Windaus and Tschesche (loc. cit.) suggested that it might be related to the amyrins. 

Our own observations tended to the same conclusion, and to determine the question of 
the existence or otherwise of the sterol ring system in lanosterol, dehydrogenation experi- 
ments were carried out. Methylcyclopentenophenanthrene was not obtained by the action 
of selenium, or of palladium—charcoal, on pure lanosterol under various conditions. Pallad- 
ium—charcoal gave an oily hydrocarbon (easily separated by means of its red trinitrobenzene 
adduct), apparently of the composition C,,Hy9. The yield was too small for closer diagnosis 
and during the preparation of further material Schultze (Z. physiol. Chem., 1936, 238, 35) 
described the formation of 1 : 2 : 8-trimethylphenanthrene from isocholesterol by the action 
of selenium. If this hydrocarbon is derived from lanosterol, its production indicates an 
amyrin-type of structure for the parent substance. 

The oily nature of the hydrocarbon obtained from lanosterol with palladium--charcoal 
suggests incomplete dehydrogenation. The carbon skeleton -(I) recently suggested by 
Ruzicka e¢ al. (Helv. Chim. Acta, 1936, 19, 386) for the triterpenes being accepted, this 
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hydrocarbon might be represented by (II), a fission of the isocyclic system taking place 
along the dotted line ab, followed by partial dehydrogenation of the hydrophenanthrene 
residue. 

The Unsaturated Centres of Lanosterol.—The presence of two double linkings in lanosterol 
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was indicated by Windaus and Tschesche (loc. cit.), who found that lanosterol absorbed two 
atoms of oxygen from perbenzoic acid. Dorée and Garratt (J. Soc. Chem. Ind., 1933, 52, 
355T), using a series of lanosterol derivatives, found an absorption of one atom. 

Using perbenzoic acid of the same concentration as that employed by these authors, 
we find that one atom of oxygen is rapidly absorbed (in 5 hours at 0° by lanosterol), 
after which the absorption is very slow, the total never exceeding 1-4—1-5 atoms of oxygen. 
The isomers lanosterol-D (p. 1564) and isolanosterol (p. 1564) behave in the same way 
(Table II). 
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Dorée and Petrow : 


TABLE I. TABLE II. 


Rate of Consumption of Oxygen from Perbenzoic 
Acid at 0° by Lanosterol and Lanosteryl Consumption of Oxygen from Perbenzoic 


Acetate. Acid after 120 hours at 0°. 
Time Atoms of oxygen consumed. Atoms of oxygen 

(hours.). Lanosteryl acetate. Lanosterol. Compound. consumed. 

1 0°65 0°72 LOMOSOTOE « ....0000000000- 1-40 

3 0°77; 0°79 0°87; 0°89 Lanosteryl acetate ...... 1-42 

14 1:10; 1:10 1°24 Lanosterol-D ............ 1-40 

40 1:26 1-30 isoLanosterol ............ 1-40 

70 1°45 1°48 isoLanostenone ......... 1°53 

120 1-45; 1°40 1-40; 1°40 


The results can be explained in either of two ways: (1) Following the rapid absorption 
of one atom of oxygen by the reactive linking, a second inert linkage may apparently 
absorb up to half an atom of oxygen, in analogy with the behaviour of the inert double 
bond of «-pimaric acid (Ruzicka and Frank, Helv. Chim. Acta, 1932, 15, 1994). (2) 
Dehydrogenation may take place as in the case of methyl dihydro-«-pimarate, which is 
converted into a dehydro-derivative by the action of perbenzoic acid (Ruzicka and Frank, 
loc. cit. ; cf. also Ruzicka, Silbermann, and Fiirter, ibid., p. 482). 

The results therefore are not conclusive as to the presence of more than one unsaturated 
linkage in the molecule. More definite evidence for the presence of a second double linking 
has, however, been obtained from the following results: (i) Lanosterol gives an ultra- 
violet absorption spectrum (Windaus and Tschesche, loc. cit.)—a result we have confirmed. 
As selective absorption of ultra-violet light is shown only by sterolic compounds with more 
than one double bond (Heilbron, Morton, and Sexton, J., 1929, 47), lanosterol also should 
contain more than one. (ii) Treatment of lanosteryl acetate with perbenzoic acid in 
quantity equivalent to one atom of oxygen gives lanosteryl acetate oxide, m. p. 178°, 
which on saponification yields Janosteryl oxide, m. p. 140°. These compounds give yellow 
colorations with tetranitromethane and are therefore still unsaturated. (iii) Hydrogen 
peroxide gives with a double bond such as is present in cholesterol an a-glycol (Pickard and 
Yates, J., 1908, 98, 1678), and with an inert double bond of the type found in $-amyrin, 
an oxy-compound (Spring, J., 1933, 1345). Lanosterol (III) by analogy was expected to 
give an oxytriol derivative with hydrogen peroxide—an assumption justified by the isolation 
of a fully saturated compound (tetranitromethane), the analysis of which agreed with that 
required for an oxylanostanetriol, CygH5,0, (IV). 
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These results demonstrate the presence of a reactive and an inert double bond. With 
regard to their position the fact that lanostenone is not an af-unsaturated ketone has been 
deduced (i) from the ultra-violet absorption spectrum, the bond characteristic of «$-un- 
saturated ketones being absent (measurements by Dr. Callow) as shown in the following 
table : 
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Wave-length, A. Ei%.. Wave-length, A. Ei%.,. 

Subsidiary maximum... 2520 37 Minimum 
Minimum 2500 35°5 Maximum 
Subsidiary maximum... 2450 56 
and (ii) by its ready conversion into a tetrahydrocarbazole derivative which, on the basis 
of surface-film measurements, has an angular structure (Dorée and Petrow, J., 1935, 1391). 
[The triterpene skeleton (V), suggested by Ruzicka (Helv. Chim. Acta, 1936, 19, 114) at the 
beginning of the year, permits an angular structure (VI) for the tetrahydrocarbazole, but 
his more recent modification (I) could give only a “‘ linear ” compound.] 

The observations indicate the presence of the group CH,*CO-CH in lanostenone. 

The Isomers of Lanosterol.—To obtain evidence of the position of the “inert ” double 
bond, lanosterol was treated with hydrogen chloride—a reagent that frequently causes an 
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I. Lanostevol (condensed solid) ; II. Lano- I. Oxylanostanetriol ; II. Lanostenone ; 
sterol (unstable); III. B-Amyrin; IV. Lano- III. gt yr pasa derivative from lano- 
sterol acetate oxide; WV. Lanosterol oxide; stenone; IV. Lanosteryl acetate; V. Acetate 
VI. Lanostenetriol. of lanosterol-D. 


inert double bond to migrate to a reactive position (Heilbron and Wilkinson, J., 1932, 
1708; Reindel, Walter, and Rauch, Amnalen, 1927, 452, 34). An isomer was obtained for 
which the name isolanosterol is suggested. When treated with perbenzoic acid, however, 
isolanosterol and its derivatives gave values identical with those previously obtained for 
lanosterol (TablesI andII). The inert double link therefore remains and, if either linkage 
has shifted, it would appear to be the reactive one. 

An attempt was made to characterise the inert double bond by oxidation of lanosteryl 
acetate with chromic acid, whereby, on analogy with B-amyrin, it was expected that an oxy- 
compound would be produced (Spring and Vickerstaff, J., 1934, 1859). Lanosteryl acetate 
was, however, converted by this treatment into another isomer, /anosterol-D, characterised 
by the high melting point of its acetate. This change was not due to the action of the acetic 
acid used as solvent, for lanosteryl acetate was recovered unchanged after analogous 
treatment with acetic acid alone. Lanosterol-D gave lanostenone on oxidation and thus 
apparently differs from lanosterol in the arrangement of the hydroxyl group in space (as in 
cholestanol and epicholestanol)—a conclusion supported by surface-film measurements. 
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Surface-film Measurements on Lanosterol and its Derivatives —By means of the standard 
technique the lanosterol molecule has been found to occupy an area of 42 sq. A. (Fig. 1), 
a value falling within the limits required by the sterols and amyrins. When spread on 
water, it differs from the sterols in first forming an “‘ unstable film” (Fig. 1, curve IT), 
which rapidly changes to the “‘ condensed solid” type. This abnormal behaviour is shown 
by other derivatives of lanosterol and also by $-amyrin and B-amyrone (private communic- 
ation from Dr. F. A. Askew). Lanostenone, on the other hand, behaves normally and its 
surface pressure—area curve is almost identical with that given for coprostenone (Adam, 
Askew, and Danielli, Biochem. J., 1935, 29, 1786). 

Measurements have also been made on lanosteryl acetate oxide, lanosterol oxide, 
lanostenetriol (Fig. 1), and oxylanostanetriol (Fig. 2) with a view to obtaining evidence for 
the position of the reactive double bond in lanosterol. These compounds behave like 
lanosterol, the initial film rapidly contracting toa solid film. The areas given by these solid 
films (Figs. 1 and 2) are of the same order as those given by cholestanetriol (56 sq. A.), 
cholestanetriol 3-acetate (67 sq. A.), and $-ergostadienetriol (46 sq. A.) and are consistent 
with a second water-attracting group in ring B (I). If this is so, the facts that lanosterol 
does not give toluenetetracarboxylic acid on oxidation with nitric acid (following Reindel 
and Niederlinder, Annalen, 1930, 482, 264) and does not form a maleic anhydride adduct 
(following Windaus and Liittringhaus, Ber., 1931, 64, 850), can only be taken to imply that 
the other double bond is situated elsewhere than in ring B. 

The curve for the tetrahydrocarbazole derivative is shown in Fig. 2. It gives a stable, 
relatively incompressible, film occupying an area of 50 sq. A. at zero pressure. This area 
indicates that the water-attracting group (NH) is in such a position that, like the hydroxyl 
group of cholesterol, it is at the end of the molecule and will be able to reach the water 
when the molecule is situated with its long dimension vertical. 

The surface area—pressure curve of the acetate of lanosterol-D, and, for comparison, that 
of lanosteryl acetate, are given in Fig. 2. The films are much more compressible and have 
larger limiting areas than the parent compound owing to the weakening effect of acetylation 
on the water-attracting power of the hydroxyl group. Lanosteryl acetate occupies a 
larger area (44-7 sq. A.) at. zero pressure than the acetate of lanosterol-D (39-7 sq. A.). 
Adam, Askew, and Danielli (loc. cit.) have shown that with the sterols the epi-derivatives 
occupy the larger areas, so the isomerism of lanosterol and lanosterol-D may be of a similar 


type. 





EXPERIMENTAL, 


Dehydrogenation of Lanostero! with Palladium—Charcoal.—10 G. of lanosterol and 15 g. of 
palladium-charcoal (Diels and Gadke, Ber., 1925, 58, 1231) were heated together for 55 hours at 
330—360°. The product was extracted with benzene, distilled at 1 mm., and the fractions, b. p. 
(i) 80—110°; (ii) 110—170°; (iii) 170—260°, collected. 

Fraction (i) was a pale yellow, mobile oil which did not react with picric acid or with 
trinitrobenzene (Found: C, 88-1; H, 11:1; M, 220. Calc. for C,,H,,: C, 88-9; H, 111%; 
M, 216). 

Fraction (ii) was purified by chromatographic adsorption and treated with trinitrobenzene. 
The adduct, after recrystallisation, had m. p. 147—148°. The hydrocarbon was regenerated and, 
after further purification by chromatographic adsorption, formed a pale yellow glass (Found : 
C, 92-0; H, 8-0. Calc. for C,,H,,: C, 91-5; H,85%). On treatment with trinitrobenzene and 
purification from benzene-alcohol the adduct was obtained in dark red needles, m. p. 186—187° 
[Found : C, 65-1; H, 4:7; N, 8-6. Calc. for C,gH4,C,H,(NO,),: C, 64-1; H, 5-1; N, 9-3%]. 

Titrations with Perbenzoic Acid.—0-2 G. of lanosterol was mixed with 5 ml. of a chloroform 
solution of perbenzoic acid equivalent to 0-019 g. of active oxygen and kept at 0°. The results 
are in Table I. 

Action of Perbenzoic Acid on Lanosteryl Acetate.—To a solution of 5 g. of lanosteryl acetate in 
50 ml. of chloroform at 0° was added, during 30 minutes, a solution of perbenzoic acid equivalent 
to 0-19 g. of active oxygen. After 12 hours at 0° the solvent was removed. The residue, in 
ether, was washed with sodium carbonate solution and dried, and the ether removed. The 
product, after purification, consisted of /anosteryl acetate oxide, glistening plates, m. p. 178° 
(Found: C, 79-2; H, 10-6. (C,,H,,0, requires C, 79-3; H, 108%), easily soluble in ethyl 
acetate and acetone and sparingly in alcohol. After saponification (1} hours with 5% 
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alcoholic potassium hydroxide), Janosterol oxide was obtained in needles, m. p. 139—140° 
(Found : C, 80-4; H, 11-9. C 9H; ,O, requires C, 81-4; H, 11-3%). 

Action of Hydrogen Peroxide on Lanosteryl Acetate.—4 G. of lanosteryl acetate in 20 ml. of 
glacial acetic acid were treated with 4 ml. of 100-vol. hydrogen peroxide. The mixture, heated 
on a water-bath, at once separated into two layers; the upper oily layer gradually disappeared. 
After 3 hours the whole was poured into water, and the precipitated gum deacetylated by reflux- 
ing for 2 hours with excess of sodium methoxide in methyl alcohol. Crystallisation of the 
product from methyl alcohol gave 0-2 g. of oxylanostanetriol in silky needles, m. p. 120—121° 
(Found: C, 75-9; H, 10-8. C,,.H,.O, requires C, 75-6; H, 10-9%). Acetylation of the oxy- 
lanostanetriol, followed by purification from methyl alcohol, gave silky plates of a monoacetaie, 
m. p. 162—163° (Found: C, 76-7; H, 10-0. Oxylanostenediol monoacetate, C,,H;,0,, requires 
C, 76-8; H, 10-4%. A diacetate would require C, 75-3; H, 10-0%). 

Preparation of Lanostenone.—The following procedure gives a better yield than that of Dorée 
and Garratt (/oc. cit.): 1 G. of lanosterol in 200 ml. of acetic acid was mixed with 0-43 g. of 
chromic acid in 20 ml. of acetic acid and 1 ml. of water and kept at room temperature for 9 
hours with mechanical stirring. The product was poured into water, and the ketone purified 
from methy] alcohol. 

Tetrahydrocarbazole Derivative from Lanostenone.—1 G. of lanostenone in 30 ml. of acetic 
acid was treated for 30 minutes on the water-bath with 2 g. of phenylhydrazine in 10 ml. of acetic 
acid. The tetrahydrocarbazole derivative crystallised on cooling and, after purification, formed 
white plates, m. p. 201—202° (yield, 60%) (Found: N, 2-9. C,,H;,N requires N, 2-8%), 
sparingly soluble in alcohol and acetic acid. It gave a picrate, bronze needles from benzene- 
alcohol, m. p. 201°. 

Maleic Anhydride and Isomeric Lanosterols.—The acetates of lanosterol, isolanosterol, and 
lanosterol-D were heated with maleic anhydride in xylene at 135° for 8 hours. The products 
were treated by the method of Windaus and Liittringhaus (/oc. cit.), but in each case the original 
substance was recovered unchanged. 

Lanosteryl Acetate Monohydrochloride.—Dry hydrogen chloride was passed for 2 hours 
through a cooled solution of 2 g. of lanosteryl acetate in 20 ml. of chloroform. The solvent was 
removed under reduced pressure, and the residue crystallised from acetone—methy] alcohol. 
After removal of a first crop, m. p. 131—132° (Found: Cl, 9-4, 9-5. Calc. for C;,H;,0,,2HC1: 
Cl, 13-1%), needles (0-4 g.) of lanosteryl acetate monohydrochloride were obtained, m. p. 126— 
127° (Found: Cl, 7-2. C3,H,,0,,HCl requires Cl, 7-0%). 

isoLanosterol.—The hydrochloride was refluxed for 2 hours with alcoholic potassium hydr- 
oxide. The product, purified from acetone—methyl alcohol, gave isolanosterol in felted needles, 
m. p. 131—132° (Found: C, 83-8; H, 12-0. (C,,H,,O requires C, 84-4; H, 11-8%). This 
compound is more soluble in the usual solvents than lanosterol. 

isoLanosteryl acetate formed large plates, m. p. 130—131°, from acetone—methyl alcohol 
(Found : C, 81-2; H, 11-4. C3,H,,O, requires C, 82-0; H, 11-2%). 

isoLanostenone.—Prepared as described under lanostenone, this compound formed large 
irregular plates, from methyl alcohol, m. p. 138—139° (Found: C, 84-1; H, 11-5. C,,H,,O0 
requires C, 84-8; H, 11-4%), soluble in ethyl acetate and sparingly soluble in methyl] alcohol. 
The semicarbazone formed white silky needles, m. p. 210°, from alcohol. 

The tetrahydrocarbazole derivative from isolanostenone, prepared as described under lano- 
stenone, crystallised from benzene-alcohol in large plates, m. p. 224—225° (Found: N, 3-3. 
C,,H,,N requires N, 29%). It formed an unstable picrate. 

isoLanostene.—1 G. of isolanostenonesemicarbazone was heated for 20 hours at 180° with a 
solution of 1 g. of sodium in 20 ml. of ethylalcohol. The product was poured into water, and the 
solid purified from methyl alcohol. It formed small plates, m. p. 80—81° (Found: C, 87-0; 
H, 12-2. C,H, requires C, 87-8; H, 12-2%). 

Lanostene.—This compound, prepared from lanostenonesemicarbazone, formed white plates, 
m. p. 76—77°, from acetone—methyl alcohol (Found: C, 87-4; H, 12-1. C3 ,Hs_ requires 
C, 87-8; H, 12-2%). 

isoLanosterol-A .—isoLanostenone (0-3 g.) was refluxed in alcohol (50 ml.), sodium (4 g.) 
added in the course of 30 minutes, and heating continued for a further } hour. The product, 
crystallised from acetone—methy] alcohol, gave iso/anosterol-A in felted needles, m. p. 130—131° 
(Found: C, 83-8; H, 12-0. C,,H,,O requires C, 84-4; H, 11-8%). On admixture with iso- 
lanosterol a m. p. depression of 6° was obtained. 

The acetate formed large plates, m. p. 138° (Found: C, 81-3; H, 11-3. C,,H,;,O, requires 


C, 82-0; H, 11-2%). 
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Acetate of Lanosterol-D.—To 2 g. of lanostery] acetate in 60 ml. of acetic acid at 80° was added 
0-6 g. of chromic acid in 10 ml. of 66% acetic acid. After 15 minutes the whole was poured 
into water, and the solids extracted with ether. Removal of the ether and crystallisation of the 
residue from dilute acetic acid, acetone-alcohol, and glacial acetic acid gave the acetate of 
lanosterol-D in white plates, m. p. 164° (Found: C, 82-0, 82-2; H, 11-0, 11-0. C3.H;,0, 
requires C, 82-0; H, 11-2%). 

Lanosterol-D.—Saponification of the acetate and crystallisation from acetone—methy] alcohol 
gave lanosterol-D in felted needles, m. p. 137—138° (Found: C, 83-9; H, 12-0. Cy9H5O 
requires C, 84-4; H, 11-8%), sparingly soluble in methyl alcohol. Oxidation of lanosterol-D with 
chromic acid gave lanostenone, m. p. 115-5—116° (tetrahydrocarbazole derivative, m. p. 202°) 
alone or in admixture with an authentic specimen. 


SUMMARY. 


1. Lanosterol, dehydrogenated with palladium-charcoal, gives a hydrocarbon C,gHgp. 
The formation of this can be explained on the basis of an amyrin type of structure for 
lanosterol. 

2. Surface-film measurements support its analogy to the amyrins. 

3. The presence of a reactive and an inert double bond is shown by its reactions with 
perbenzoic acid and with hydrogen peroxide. The reactive bond is probably situated in 
ring B (I). 


CHELSEA POLYTECHNIC, Lonpon, S.W. 3. [Received, April 18th, 1936.] 





346. The Vapour-pressure Curve of Tetraethyl-lead from 0° to 70°. 
By E. J. Buckier and R. G. W. NorrisH. 


In view of the importance of tetraethyl-lead in the study of the combustion of hydro- 
carbons, it is desirable to know its vapour pressure over a considerable range. The only 
published work on the subject is that of Jones, Evans, Gulwell, and Griffiths (J., 1935, 39), 
but as this is for pressures far greater than are normally required in kinetic experiments, 
we have studied the vapour-pressure curve by a static method, over the range 0—70°. 


Fie. 1. Fie. 2. 


aes t y Th 




















oS 


B 


Although the formula we have deduced is not markedly different from that obtained by the 
previous authors at higher temperatures, the present results indicate that the vapour 
pressures of pure tetraethyl-lead are 10—15% higher in this range than those extrapolated 
from their formula. 
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EXPERIMENTAL. 


A sample of commercial tetraethyl-lead, supplied by Imperial Chemical Industries, Ltd., was 
freed from halides by treatment with silver oxide, and further purified by distillation ina vacuum. 
As the substance readily decomposes under the influence of light and grease, the apparatus was 
constructed as free from taps as possible, and the final samples were collected for storage in 
liquid-air traps fitted with vacuum breakers, and covered with black paint. 

A number of these receivers, of design shown in Fig. 1, were connected in parallel, one side 
being in communication with the crude sample, and the other with a pumping system, which 
consisted of a two-stage mercury-diffusion pump, backed by a Hyvac rotor pump, both being 
protected from the vapour of the substance by a trap cooled in liquid air. 

The apparatus, shown diagrammatically in Fig. 2, 

Fic. 3. was evacuated, and about one-third of the sample 

distilled into the trap A, which was then sealed off and 

removed. Another one-third was distilled into the 

trap B for further fractionation, and the residue re- 

Thermometer jected. The contents of B were left on the pump 

until about one-third had distilled into the liquid-air 

trap D, and then solid carbon dioxide-ether mixtures 

were placed round each of the receivers C. In this 

way the tetraethyl-lead vapour could be condensed, 

while any volatile decomposition products could be 

drawn away by the pump. As each receiver filled, it 

was sealed off in a vacuum, and removed; the residual 

one-third of the contents of B was also rejected. It 

has not hitherto been recorded that the pure substance 

is odourless, but the characteristic unpleasant smell 

developed after it had been in contact with air for a 
short time. 

The vapour pressures were measured by a sensitive 
Bourdon gauge surrounded by a hot-air jacket, the 
temperature of which was maintained constant at 80° 
by passing a stream of hot air from a motor blower 
through an electrically heated Pyrex tube, consuming 
about 500 watts. The apparatus was lagged with 
cotton-wool and asbestos string, and mounted ver- 
tically, as shown in Fig. 3. 

When the apparatus had reached a steady temper- 

ature, both sides of the gauge were evacuated, and a 
calibration performed against a mercury manometer, 
by measuring the displacement of the pointer with a 
travelling microscope, for various pressure differences 
between the spoon and the external body of the 
gauge. 
Slight fluctuations in the temperature of the jacket 
were not serious, as it was found that the sensitivity 
of the instrument only changed by 1 part in 300 
between 18° and 80°. The calibration curve was a 
straight line between — 20 and + 20 mm. of mercury 
pressure difference in the spoon of the gauge, giving 
1 mm. pointer deflection equivalent to 6-18 mm. Hg to within 1 part in 400. As the position 
of the pointer could be read to within 0-001 mm., the vapour pressures are correct to 0-005 
mm. Hg or 0-25%,-whichever is the larger. 

After the gauge had been calibrated, a sample of purified tetraethyl-lead was introduced by 
vacuum distillation into a small bulb X, connected to the spoon side of the gauge. After the 
sample had been warmed and refrozen several times, to get rid of dissolved gases, the bulb was 
sealed off from the pump and supply. 

The displacement of the pointer was observed with the bulb immersed in oil at various tem- 
peratures, in a Dewar flask. An electrically heated stirrer was used to keep the temperature of 
the bath steady to within 0-05° while equilibrium was attained. The vapour pressure at each 
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temperature was taken twice, and between each reading the bulb was cooled to — 80°, to ensure 
that no decomposition of the sample had occurred. 

The following vapour pressures (p, in mm. Hg) are direct readings obtained from several 
experiments, and the graph between 1/T (where T is the absolute temperature) and log p shows 
a satisfactory linear relation. 


Temp. p. 105/T. logy p. Temp. p. 105/T. logy p. Temp. p. 105/T. logis Pp. 
0°00° 0°056 366°2 —1-°352 27°00° 0°438 333°2 —0°358 48°60° 2°076 310°9 0°317 
10°05 07115 353°3 —0-939 28°80 0°512 331°6 —0°291 51°25 2-483 308°3 0°395 
15°00 0°167 347°1 —0°777 30°55 0°556 329°4 —0°255 53°65 2°805 306°0 0°448 
15°90 0°183 346°0 —0°738 39°00 1:°076 320°4 0-032 58°50 3°756 301°6 0°575 
17°00 0°216 344°7 —0°666 45°50 1°608 313°9 0°206 67°00 6293 2946 0°799 
20°20 0-260 341°0 —0°585 



















DISCUSSION. 


These results can be expressed by the formula log.) / = 9-428 — 2938/T between 0° 
and 70°. This result differs somewhat from that published for temperatures between 78° 
and 150° (ibid.), viz., logy) # = 9-426 — 2960/T, which in the present range of 0—70° 
gives values 10—15% too low. This discrepancy, which is not great, may be ascribed to 
the magnitude of the extrapolation, and also possibly to errors inherent in the method used 
by the previous authors, who obtained vapour pressures in a vacuum-distillation apparatus, 
where it is doubtful whether perfect static equilibrium could be attained between the vapour 
and the boiling liquid. 

It was originally intended to carry the curve to higher temperatures, but slight decom- 
position occurred when the jacket temperature was 120°. No doubt, decomposition would 
occur in the distillation apparatus mentioned, but would be less important, since the gaseous 
products of decomposition would be drawn away continually by the pump. 




















SUMMARY. 


Samples of pure tetraethyl-lead have been prepared, and their vapour pressures deter- 
mined for temperatures between 0° and 70° by using a hot-air-jacketed Bourdon gauge. 






Our thanks are due to the Royal Society and the Chemical Society for grants, to Imperial 
Chemical Industries, Ltd., for specimens, and to the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (E. J. B.). 







DEPARTMENT OF PHYSICAL CHEMISTRY, CAMBRIDGE. (Received, August 8th, 1936.] 









NOTES. 


The Formation of Dithionate by the Action of Pyrosulphate on Sulphite. A Reply to H. Bassett 
and A. J. Henry. By PauLt BAUMGARTEN. 


Bassett and HENRY mention (J., 1935, 915) that, contrary to my statement (Ber., 1932, 65, 
1645), they have not succeeded in obtaining potassium dithionate from potassium sulphite 
and potassium pyrosulphate according to the equation SO,” + S,O,’" = S,0,”" + SO,”. The 
implication of their wording is that the substance, potassium pyrosulphite, from which I pre- 
pared potassium sulphite contained dithionate. 

I have repeated the experiment, using potassium sulphite prepared from potassium hydr- 
oxide and sulphur dioxide. Sulphur dioxide (3-85 g.) was passed into a cooled solution of 
potassium hydroxide (6-75 g.) in air-free water (50 c.c.). This solution and also the other 
reagents showed no trace of dithionate. To the potassium sulphite solution, which was 
diluted to 75 c.c., potassium bicarbonate (13 g.) was added. (This quantity was enough to 
neutralise the potassium bisulphate contained in potassium pyrosulphate and the bisulphate 
which was formed in a secondary reaction by the hydrolysis of pyrosulphate, so that during the 
entire reaction the sulphite was present as such and not as bisulphite or pyrosulphite.) Then 
potassium pyrosulphate (17 g. containing about 60% of K,S,0,) was added at 10° as described 
(loc. cit.). The mixture was stirred for 30 minutes at 10° and then for 3 hours for about 20°. 
During the stirring, in order to avoid auto-oxidation, the air above the reacting liquid was 
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displaced by a current of carbon dioxide. After completion of the reaction, the work 
was continued in the way previously described. The yield was the same as before, ca. 1 g. of 
potassium dithionate. This dithionate could have been neither introduced with the reagents 
used nor formed by auto-oxidation, because the air was expelled by means of carbon dioxide and 
the solution was bicarbonate alkaline until the end of the reaction. . 

The sulphonation of sulphite by means of pyrosulphate thus definitely proved seems, more- 
over, extremely probable, because sulphite can also be almost quantitatively sulphonated to 
dithionate by means of other substances, such as trisubstituted aminosulphonic acids (Baum- 
garten, Ber., 1932, 65, 1645), which contain co-ordinately linked sulphur trioxide similar to that 
of pyrosulphate. 

The failure of Bassett and Henry can perhaps be explained by lack of sufficient bicarbonate. 
A similar solution of potassium sulphite without the addition of bicarbonate gave, in fact, on 
sulphonation with potassium pyrosulphate in a similar manner to that described above, so small 
a quantity of dithionate that, after its hydrolysis, only a slight precipitate of barium sulphate 
was obtained. Owing to the bisulphate contained in pyrosulphate and that produced by the 
hydrolysis of pyrosulphate, the sulphite would mostly change into bisulphite before its sulphon- 
ation by the pyrosulphate. But bisulphite cannot be sulphonated to dithionate, as was shown in 
a further experiment in which potassium pyrosulphite could not be sulphonated by means of tri- 
methylaminosulphonic acid, probably because in the bisulphite ion, HSO,’, and in the pyro- 
sulphite ion, (O,S*SO,)”’, formed from this, the central sulphur is co-ordinately saturated and 
therefore cannot join sulphur trioxide to dithionate as in the co-ordinately unsaturated sulphite 
ion SO,”.—BeERLIN University. ([Received, July 29th, 1936.] 





The Electrolytic Reduction of Vasicine. By K.S. NARANG and J. N. Ray. 


SINCE communicating the paper under this title (this vol., p. 686), we have prepared the com- 
pound described as (III), but it was found to be identical with (I). The mixed m. p. determin- 
ation of the two compounds was done with the samples prepared by Juneja, Narang, and Ray 
(J., 1935, 1277) and the depression recorded was observed. We are reinvestigating the 
circumstances of the formation of (III)—UNIvERsIty CHEMICAL LABORATORIES, LAHORE. 
[Received, July 9th, 1936.) 





Preparation of 2: 6-Dinitro-p-phenylenediamine, 2: 6-Dinitrotetramethyl-p-phenylenediamine, 
and 4-Chloro-2 : 3-dinitroanisole. By HERBERT H. Hopcson and J. HaRoLp Crook. 


2 : 6-DINITRO-p-PHENYLENEDIAMINE was prepared by Verberg (Diss., Leiden, 1933) from the 
difficultly accessible 4-bromo-3 : 5-dinitroacetanilide, but had already been obtained by the 
authors by the simpler process of heating 2 : 6-dinitro-p-anisidine (5 g.) in a sealed tube for 2 
hours at 140° with alcohol (30 c.c.) saturated with ammonia at 0°. The product crystallised on 
cooling and separated from alcohol in elongated permanganate-coloured prisms, m. p. 225° 
(Found: N, 28-7. Calc. : N, 28-3%). 

2 : 6-Dinitrotetramethyl-p-phenylenediamine was formed when 2: 6-dinitrodimethyl-p- 
anisidine (Hodgson and Crook, J., 1933, 825) was heated in a sealed tube with excess of dimethyl- 
amine dissolved in alcohol. It crystallised from alcohol in long, slender, deep purple needles, 
m. p. 176° (Found : N, 22-3. C,,H,,0,N, requires N, 22-0%). 

4-Chloro-2 : 3-dinitroanisole.—Aceto-p-anisidide was nitrated by the method of Meldola and 
Eyre (J., 1902, 81, 990) using nitric acid (d 1-42) alone, and the 2 : 3-dinitro-product hydrolysed 
by boiling with 50% sulphuric acid. A solution of the resulting 2: 3-dinitro-p-anisidine in 
boiling glacial acetic acid (40 c.c.) was (2 g.) chilled to 0° and poured gradually into a solution of 
sodium nitrite (0-8 g.) in concentrated sulphuric acid (8 c.c.) kept at 0°. 4-Chloro-2 : 3-diniiro- 
anisole was precipitated when the diazo-solution was poured into cuprous chloride (1-5 g.), 
dissolved in concentrated hydrochloric acid (15 c.c.) initially at 15°; it crystallised from alcohol 
in colourless needles, m. p. 133° (Found: Cl, 15-1. C,;H,;O,N,Cl requires Cl, 15-3%), which 
were very slowly volatile in steam. 


The authors thank the Department of Scientific and Industrial Research for a grant to one 
of them (J.H.C.),and Imperial Chemical Industries, Ltd., for various gifts TECHNICAL COLLEGE, 
HUDDERSFIELD. [Received, July 15th, 1936.) 
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Notes. 


The System Nitrobenzene—Sulphuric Acid—Water. By KENNETH C. BAILEY 
and JouN HILTON. 


In the course of another investigation, one of the authors required information about the 
solubility relationships of nitrobenzene, sulphuric acid, and water. Asa search of the literature 
failed to disclose what was required, a triangular diagram was constructed from data obtained 
at 17°. 

Pure nitrobenzene was redistilled before use. The sulphuric acid was prepared by mixing 
95% acid with pure fuming sulphuric acid, and recrystallising. It was checked by titration with 
N-alkali which had been standardised with constant-boiling hydrochloric acid. 

The usual method of preparing a ternary solubility diagram, i.e., analysing conjugate solutions 
and drawing tie-lines, was not followed, as solutions containing sulphuric acid are so hygro- 
scopic that errors are likely to be introduced during the analytical process. Weighed quantities 
of two of the components were mixed, and the third (usually water) added until opalescence 
appeared. A perfectly sharp end-point was usually obtained. The following are the 
compositions (molar fractions) of mixtures lying on the solubility curve : 


PhNO,. H,O. H,SO,. PhNO,. H,O. H,SO,. PhNO,. H,O. H,SO,. PhNO,. H,O. H,SOQ,. 
0°00054 0°849 0150 0°0424 0°480 0°478 0°263 0°275 0°462 0°766 0°055 0°179 
0°00084 0°807 0°192 0°0652 0°446 0°489 0°327 0°235 0°438 0°864 0°030 0°106 
0°0032 0°662 0°335 0-089 = 0-421 0°490 0-463 O'171 0°366 0976 0°0041 0:0202 
0:0088 0°574 0°417 0°151 0°360 0°489 0-484 0°167 0°349 0986 0-014* — 
0°0159 0°537 0°447 0171 0°345 0°484 0°641 0°102 0°257 0:0003 0:9997* — 
0°0234 0°513 0°464 0-192 0°325 0°483 


The two results marked * were obtained from Davis’s data (J. Amer. Chem. Soc., 1916, 38, 
1170) for binary mixtures of nitrobenzene and water at various temperatures. 

Nitrobenzene and sulphuric acid appear to be miscible in all proportions at 17°. It seemed at 
first as if mixtures containing only a minute amount of sulphuric acid were opalescent, but this 
was almost certainly due to the difficulty of preventing the acid from acquiring traces of water 
from the air.—Trinity CoLLEGE, DuBLin. [Received, July 30th, 1936.] 





The Interaction of Tetraphenylglycol and Pyridinium Chloride. By ALEXANDER SCHONBERG and 
ROBERT MICHAELIS, 


TETRAPHENYLGLYCOL combines with pyridine and hydrogen chloride to give a crystalline 
substance, C3,H,,0,NCl. This appears to contain one molecule each of tetraphenylglycol, 
pyridine, and hydrogen chloride, and it is decomposed into these compounds by the action of 
alkali. 

The substance is probably analogous in constitution to the products of the reaction between 
pyridine hydrochloride with triphenylcarbinol, CPh,,OH,C;H,N,HCl (Helferich and Sieber, 
Ber., 1926, 59, 600), and triphenylmethyl hydrogen peroxide, C,,H,,O,NCI (Wieland and Maier, 
Ber., 1931, 64, 1205). The structure analogous to that proposed by Wieland and Maier (p. 1206) 
for their product is, however, regarded as improbable, owing to the low reactivity of the hydroxyl 
group in tetraphenylglycol. The compound from tetraphenylglycol is therefore best represented 
in the present state of our knowledge as a molecular complex, CPh,(OH)*CPh,°OH,C;H,;N,HCI. 

With racemates or di-conglomerates of the types CRR’R’’*OH and CRR’(OH)-CRR’-OH 
resolution should be possible by crystallisation of their molecular compounds with optically 
active pyridinium chloride derivatives, for the compound with the d-form must differ in solubility, 
etc., from that of the /-form. 

Tetraphenylglycol was dissolved in benzene (thiophen-free), and dry pyridine added. An 
ethereal solution of hydrogen chloride was then added until the amount of deposit did not 
increase on further addition. The colourless deposit was at once filtered off, washed with 
absolute ether (in which it is almost insoluble), and crystallised from absolute alcohol, in which, at 
room temperature, pyridinium chloride is readily soluble, whereas the additive compound is 
not; m. p. 185—190° (decomp.) (Found: C, 77-15; H, 6-02; Cl, 7-41; N, 3-05. C3,H,,0,NCl 
requires C, 77-24; H, 5-85; Cl, 7-36; N, 2-90%). 

Decomposition with Alkali.—The crystals were treated for a short time with an aqueous 
solution of alkali on the boiling water-bath; an odour of pyridine was observed. After standing 
for 2 hours at room temperature, during which the colourless deposit was repeatedly disinte- 
grated, the deposit was separated and crystallised from benzene. It proved to be tetraphenyl- 
glycol— UNIVERSITY OF EDINBURGH (MEDICAL CHEMISTRY DEPARTMENT). [Received, May 
2nd, 1936.) 
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OBITUARY NOTICES. 


WILLIAM HOLDSWORTH HURTLEY. 
1865—1936. 


WiLt1AM HoLpswortH HuRTLEY was born at Armley, near Leeds, in 1865. He received his 
training in chemistry at the Yorkshire College, now the University of Leeds, where he was 
a scholar and prizeman and from which he graduated in the University of London, taking 
the B.Sc. in 1888 and thirteen years later the D.Sc. 

He was for a few years Science master at the Church Middle Class School in Leeds 
and then came to London to the University Tutorial College in Red Lion Square, where he 
remained until in 1899 he was appointed Demonstrator of Chemistry in the Medical College 
of St. Bartholomew’s Hospital. This position he held, lecturing also at the Wandsworth 
Technical College, until he succeeded to the lectureship and headship of the Chemical 
Department in 1906. 

He had decided to resign his position at St. Bartholomew’s at the close of the summer 
session and had been nominated a Governor when in February he fell ill with bronchitis 
and eventually died in the Hospital on June 2nd. At the funeral service held in St. Bar- 
tholomew-the-less the church was completely filled by his colleagues and students. He 
leaves a widow and three children, a son and two daughters, all three being graduates of 
London University. 

Hurtley was a member of the Board of Studies in Chemistry and for many years acted 
as one of the Internal Examiners in the University of London, of which he became a Reader 
in 1919. He also several times examined for the Conjoint Board. 

During the whole of his long association with the Medical School of St. Bartholomew’s 
Hurtley endeared himself to all with whom he came into contact by his integrity, modesty, 
and invariable readiness to devote time and energy to assist any colleague or student. 
He was prominent in all the activities of the College and was president for many years of the 
Association Football Club and a member of the Christian Union. 

He was especially interested in Old Testament History and served on the General 
Literature Committee of the Society for the Propagation of Christian Knowledge. 

He was an excellent teacher and lecturer and although his duties, especially in recent 
years, were exceedingly arduous, classes in many cases having to be duplicated owing to the 
great increase in the numbers of medical students since the war, he conducted much useful 
and important research. This was at first purely chemical and published in the Journal 
of the Society; but, from his connexion with a great hospital, his attention was soon 
directed to the more clinical aspects of Biochemistry, in which branch of the science his 
most important work was done. 

He was elected a Fellow of the Chemical Society in 1912, and was an original member 
of the Biochemical Society. 


HARRY LIVSEY. 
1878—1936. 


In March of this year, after a very brief illness, there passed away, at Old Trafford, 
Manchester, Harry Livsey, for 27 years a Fellow of the Society, a leader of the industry 
with which he was associated, and an acknowledged master of his craft. 

He was born at Back Drake Street, Rochdale, 58 years ago, of parents in very humble 
circumstances. His father died as the result of an accident when Livsey was only four 
years old, and he lost his mother when he was fourteen. He had little or no early 
education—just a few years at a small elementary school at Littleborough and then he had 
perforce to become one of the breadwinners of the family. 
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At a very early age Livsey obtained employment as the ‘‘ dyehouse drudge ”’ at the works 
of the Calderbrook Dyeing Company, Littleborough, and whilst still very young he used to 
attend a small night school and even took lessons in handwriting. Later, when about 17 
years of age, and after working all day as a dyer, he used to tramp from Littleborough to 
Rochdale, a distance of four miles, in order to attend the Technical School there. At these 
evening classes he acquired some knowledge of elementary chemistry, a little mathematics 
and, above all, a great ambition to understand the principles of his craft. 

When, in 1899, the already important Salford firm of Messrs. J. & J. Worrall absorbed 
the Littleborough concern, and the English Velvet and Cord Dyers’ Association came into 
being, Livsey was transferred to Salford and appointed foreman dyer. He now began to 
attend the evening classes at the Salford Royal Technical Institute, where he acquired a 
thorough knowledge of organic chemistry, coal tar distillation, and the chemistry of coal 
tar dyes. His grasp of the constitution, properties, and application of the dyes employed 
in dyeing velvet was quite remarkable. He could describe, with a wealth of detail, the 
numerous processes required to produce on the fabric any one of the scores of colour shades 
for which his firm was so famous, and he could reel off in amazing fashion the formule 
expressive of the complicated reactions involved. 

The remarkable success which Livsey achieved in the art of dyeing was, I think, largely 
due to his singleness of purpose. From the time he entered the dyehouse he determined 
to know all there was to know about his own craft—he refused to be diverted to the study 
of any other science, and was always willing to leave the problems of engineering, salesman- 
ship, and publicity to others. The practical dyeing of fabrics was his work, his hobby, and 
almost, his religion. 

It is pleasant to be able to record that Livsey’s energy and skill constantly met with the 
reward they deserved. About the year 1924 he was appointed manager of the works of 
the English Velvet and Cord Dyers’ Association. Later, in 1926, he was given a seat on the 
Board and became Managing Director, and in November last he became Chairman of the 
important company he had, as boy and man, so ably served. 

Harry Livsey was elected to the Chemical Society in 1909. He was also a member of 
the Society of Dyers and Colourists for many years. In 1933 he became a Governor of 
the Salford Royal Technical Institute. 

He was married at Rochdale Parish Church in 1900 to Miss Clara Horrocks of that town, 
who survives him together with a daughter Constance Muriel and a son Harry Kenneth. 

D. V. HOLLINGWoRTH. 





ALFRED E. MACINTYRE. 


THE chemical world in general and Canadian chemists in particular are poorer by the death 
of Alfred E. Macintyre on March 13th, 1936. 

Not only because of friendship and professional association, but for another reason, I 
claim a peculiarly complete appreciation of that loss. We first met when both were of 
mature years; neither had previous knowledge of the other’s personality and little of the 
other’s professional reputation. Our meeting resembled that of two strange dogs, each 
on his guard and uncertain whether to wag a tail or to growl. Then suddenly I recognised 
a rare and delightful smell—that of good days long past—and each wagged a tail. I had 
met a type rare on the American continent, but that among which my earlier student days 
had been spent. Gradually, I found that Macintyre was a superior and well-developed 
example of this type. His talk was such as I used to hear in the early nineties as I sat, 
with open ears and shut mouth, among my elders or betters. 

Macintyre was a man of wide interests and of abilities in many spheres. He was a 
chemist first and last, but he was a greater chemist by reason of his other interests. Scottish 
by birth as well as by ancestry, he was transplanted, while still a small boy, to Canada. 
His family settled in Saint John, New Brunswick, even at that time a seaport of importance 
and the centre from which large quantities of lumber were exported. An instinctive 
interest in chemistry was satisfied as best it could be with the imperfect teaching facilities 
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of the time and place. The knowledge so gained found an outlet in connexion with local 
industry and young Macintyre, not yet twenty, erected and successfully operated for six 
years the first wood distillation plant in the Dominion. It was a paying venture, but was 
ultimately destroyed by fire. Free of commercial responsibility and realising by experience 
the limitations of his scientific knowledge, Macintyre took ship for Glasgow, where he 
studied under Dittmar and received a diploma from the Royal Technical College. Like 
all ambitious chemical students of his day, whose ambitions had sufficient financial backing, 
Macintyre went to study in Germany. In Jena he studied organic chemistry, but his 
ever wide-awake intellect led him also into subjects which were developing along such lines 
that their alliance with chemistry was becoming important—bacteriology, optics and 
hygiene for example. He became lecture assistant to the Director of the Institute of 
Hygiene and had charge of the chemical work there. Social activities were by no means 
neglected ; an instinct for their cultivation was an integral part of the man. 

Returning at last to Canada, Macintyre practised as a consultant in the Maritime 
Provinces, having his laboratory in Saint John, N.B. He did much work for both the 
Dominion and Provincial governments in these days, but without receiving appointments 
which limited his other activities. His social connexions naturally led him into politics. 
His temperament made him an ardent politician. He became the official organiser of the 
Liberal Party in New Brunswick and was an extremely efficient one. The action and re- 
action of political and social intercourse helped to broaden his knowledge of the world and 
its affairs. He learned too much ever to preach the doctrine of a universal automatic 
cure for troubles, whether of an industrial process or of international affairs. To the end, 
Macintyre hated and despised a pedant as much as he did a self-advertiser. He must have 
been a wonderful tonic for intellectually anemic students. 

Leaving Saint John, he became professor at Morrin College, an offshoot of McGill 
University situated in Quebec City. In 1900 Morrin College was reabsorbed by its parent 
institution. 

Macintyre did not move to Montreal. He would probably have found that atmosphere 
uncongenial. He made once more for Jena and after three more semesters spent happily 
there he returned to Canada, a Ph.D. magna cum laude, but still much more than a chemist. 
He was so much more that it was difficult for him to find his place in the profession, as things 
were in the Canada of a generation ago. The times were a hard but useful discipline to 
Macintyre as to some others. For a while he abandoned the practice, but not the study, 
of chemistry and joined the editorial staff of the Saint John Telegraph, a paper of no small 
repute in the Dominion. If every young chemist were compelled, before practising his 
profession, to spend a year or so working as a newspaper man, the mortality might be high, 
but the average common sense of the survivors would be enormously increased. 

Some three years later the Government of the day recognised that a chemist was a 
necessary adjunct to the Quebec Arsenal. It had the good sense to secure Macintyre’s 
services for the job. His work included metallurgical problems, the chemistry of explosives, 
the investigation of accidental explosions, drafting specifications for materials, and much 
besides. He was there still in 1914 and became the representative in Canada of Woolwich 
Arsenal in connexion with the inspection of supplies. He did not limit his work to giving 
approval or disapproval. Where he found defects he tried, generally with success, to show 
how they could be avoided. When a new arsenal was under construction at Lindsay, 
Ontario, he supervised much of the installation. Later, he became Superintendent in 
charge of the whole plant. 

At the close of the war an Explosives Division of the Canadian Department of Mines 
was created, with Macintyre as its Chief Chemist. The Division had to draw up and put 
into force regulations for the marufacture, importation, transportation, storage, etc., of 
explosives for use in Canadian industries. Everything connected with explosives for non- 
military purposes seems to come within its scope. Macintyre, the indefatigable student, 
the man of detail and wide vision, the man of practical experience in making and handling 
explosives, was the one man for the position. He was superannuated in 1931. His 
position, which exists by specific provision of an Act of Parliament, has never since been 


filled. 
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Superannuation from the Civil Service did not involve the immediate close of Macintyre’s 
useful career. A little earlier there had been a series of serious explosions in the Ottawa 
sewers. He was called into consultation on the cause of these and for some time after 
“retirement ”’ continued to direct the investigation, which was carried out in masterly 
fashion. Physical disabilities were, however, increasing. This was the last work with 
which his name can be directly associated. . For some of us, however, he continued to the 
end as our unofficial consultant. ‘‘ Let us find out what Macintyre can suggest.” The 
inquirer never came empty away, whether he asked for facts or advice as to the wisest 
line of conduct. 

Macintyre became a Fellow of the Chemical Society in 1890, but geographical con- 
siderations prevented his taking an active part in its affairs. His chief interest lay with the 
Society of Chemical Industry as the one which by its constitution can be as potent in Canada 
as elsewhere. The offices he held in that Society (he was Chairman of the Ottawa Section, 
1923—1924 and 1924-1925, Vice-President of the Society, 1925—1928, and Trustee of the 
Queen’s Prize Fund from the time of its foundation till his death) he held for the purpose 
of giving service and by no means for self-glorification. 

He hated humbugs, but he was a good friend to any earnest student or worker in need of 
help. ; 
No one person has any idea of the liberality with which he has dispensed time, trouble, 
advice, and money to those in need who seemed worthy. 

The writer can reasonably claim to have known and observed closely acknowledged 
leaders in many varied fields of human endeavour, and in his opinion A. E. Macintyre 
belongs by mental stature to their class. Perhaps the most important thing to us is that 


he was a gentleman and a most loyal friend. 
ALFRED TINGLE, 





WILLIAM ERNEST MARTIN. 
1876—1935. 


WILLIAM ERNEST MaArrTIN was born at Waltham Abbey in 1876. He received his chemical 
training at the Government Laboratory, Royal Gunpowder Factory, Waltham Abbey, under 
James M. Thomson, F.I.C., and Dr., later Sir, R. Robertson, and at the City and Guilds 
Technical College, Finsbury, under Professor Meldola, John Castell Evans, and F. W. 
Streat feild. 

He was at Waltham Abbey from 1891 to 1898, and then joined the firm of Kynoch Ltd., 
as chemist-in-charge of the guncotton plant at Kynochtown in Essex. He was transferred 
to Arklow, Ireland, in 1900, where he filled the positions of chief chemist and, later, works 
manager. In 1909 he came to South Africa, and took up the position of chief chemist in 
the Kynoch factory at Umbogintwini, Natal, becoming works manager in 1912, a position 
he held throughout the war, and until he left the firm in 1922 when the explosives works 
were closed down. 

During 1922 he was engaged in research on the manufacture of paper from local raw 
materials. From 1923 he was chemist to the Natal Navigation Group of Colleries, and in 
1933 he took over their laboratory on his own account, and was actively engaged as a fuel 
technologist until his death. 

He took a keen interest in the promotion of technical education and for a number of 
years was a member of the Chemical Advisory Board of the Durban Technical College. 

His death took place on December 17th, 1935, and he is survived by his widow and two 
sons. 

He became a Member of the Society of Chemical Industry in 1899 and was elected 


a Fellow of the Chemical Society on June 16th, 1910. 
W. A. MarTIN. 
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347. The Problem of Chemical Linkage. Part II, The Absorption 
Spectra of Some Dipole Association Products. 


By RoBert F. HuNTER, ABDUL M. QuREISHY, and RUDOLF SAMUEL. 


THE existence of additive complexes of arylamines with nitrohydrocarbons has been 
explained on the basis of the formation of a co-ordinate link between the nitrogen atom 
of the amino-group and that of one of the nitro-groups (I) (Bennett and Willis, J., 1929, 
256) ; further, picrates of polynuclear hydrocarbons are said to be formed by co-ordination 
of a negatively polarised carbon atom of a benzene nucleus with nitrogen of a nitro-group 
(II). Similarly, the compound of iodoform and quinoline (Rhoussopoulo, Ber., 1883, 
16, 202) has been formulated with three co-ordinate links between iodine and nitrogen (IIT). 
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_An alternative explanation of the existence of these additive complexes is that they 
are associations produced by van der Waals forces, which are now known to be of three 
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types : (a) the mutual attraction of two dipoles, (6) the attraction of a dipole to a neutral 
molecule arising from the induced moment produced by the polarisability of the latter, 
and (c) the attraction arising from mutual perturbation of fast-moving dispersion electrons 
(London, Z. Physik, 1930, 63, 245; Z. phystkal. Chem., 1931, B; 11, 222; Slater and Kirk- 
wood, Physical Rev., 1931, 37, 682). It therefore appeared of interest to compare the 
absorption spectra of such complexes with those of their components. Earlier work of a 
similar character has been carried out by von Halban, Briegleb, and their collaborators 























The Problem of Chemical Linkage. Part II. 1577 


(Z. physikal. Chem., 1925, 117, 461; 1934, B, 19, 255; 27, 161), but is concerned with the 
energy of dissociation of more complicated associations which exhibit colour changes on 


account of the influence of solvent. 
Fic. 3. 
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The absorption spectra of the following substances were examined by the quantitative 
method described by one of us (Samuel, Z. Physik, 1931, 70, 41), simplified by the intro- 
duction of a stable and continuous source of light (a discharge tube with stagnant hydrogen, 
giving rise to the continuous hydrogen spectrum). 

(a) Naphthalene picrate (a) m-Dinitrobenzene 


0 Naphthalene 1 a-Naphthylamine 
(c) Picric acid (c) 1: 1-Complex of (a) and (b) 
(a) m-Dinitrobenzene (a) Iodoform 
mid () fB-Naphthylamine v0 Quinoline 
(c) 1: 1-Complex of (a) and (bd) (c) 1: 3-Complex of (a) and (b). 

In all four cases the absorption curve (Figs. 1—4) of the addition complex is a mere 
superposition of the curve of the first component on the second. Table I, in which the 
wave-lengths of the observed maxima are given together with the log K values, shows 
that the maxima of the component molecules sometimes overlap, with the result that 
the addition complex betrays only a single and more or less broadened maximum 
in place of these two; ¢.g., the weak maximum of m-dinitrobenzene at 2810 A. and the 
maxima of B-naphthylamine at 2805 and 2740 A. form one broadened maximum at 2765 A. 
in the curve of the addition complex. Small displacements occur, but they are of the 
same order as that observed for change of solvent by other investigators ; ¢.g., for iodoform 
in hexane, alcohol, and carbon tetrachloride, Scheibe (Ber., 1925, 58, 586) has recorded 
the following figures : 


Hexane, 3480, 3070 A. Alcohol, 3410, 3010 A. Carbon tetrachloride, 3485, 3070 A. 
whereas our own measurements for hexane and hexane containing 0-5 mol. of quinoline 
are as follows : 

Hexane, 3490, 3075 A. Hexane + quinoline, 3490, 3065 A. 
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The absorption coefficient K is defined. by the equation J = I’ x 10°*¢4, in which 
I and I’ represent the intensity of light before and after absorption, and c and d the con- 


Fic. 4. 
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TABLE I. 
Comparison of Maxima. 
a-Naphthyl- fA ...... 3205 2400 
amine log K 3°84 4-62 
m-Dinitro- { Ai \woense 3610 2810 2400 
benzene log K 2-3 3-4 4-47 
Addn. com- { BY lsdedd 3620 3200 2420 
plex log K 3-0 3-79 4-6 
p-Naphthyl- fA ...... 3400 2915 2805 2740 2380 
amine log K 3°35 3-73 3°84 3°79 4-9 
m-Dinitro- me asesos 3610 2810 2400 
benzene log K 2-3 3-4 4:47 
Addn. com- fA ...... 3700 3380 2885 2765 2370 
plex log K 2-88 3-39 3-93 3-97 4-91 
— p ree 3115 3060 3005 2920 2840 2770 
Quinoling Mog Ks... 38 353 3652 335 335 37 
| seukesdeaste 3490 3075 2735 
lodoform | n6 K ...... 2:37 236 214 
Addn. com- {} seucosese 3490 3140 3065 3050 3000 2950 2870 2690 
plex log K ... 2-41 3-0 2-95 2-95 2-93 2-93 3-0 3°16 
er : Eh débscvess 4100 3555 
Picric acid { be ae 4-03 


Biilices’ .. $125 3105 3085 2860 2795 2770 2735 2605" 2570 
Naphthalene { logK... 212 212 212 362 390 380 380. 390 3-60 
Naphthalene f d......... 4000 3605 (Curve 2865 2755 2670 
picrate log K... 4:15 3:8 broadened) 3-87 3-98 4:5 
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centration and thickness respectively of the solution. From this, the equation log J'/ 
log I = Kotydy = Kyc,d, + Kycgd, may be deduced, in which the subscript 0 denotes the 
mixture, and 1 and 2 denote the constituent molecules. Ifdis constant, then c, = Cy = }¢p, 
and the formula Ky = $(K, + K,) is obtained, which is valid if there is no mutual inter- 
action whatever between the components; deviations from this will therefore indicate 
the degree of mutual interaction. In Table II, the values of log $(K, + Ky) have been 
calculated from the absorption curves of the components concerned, and compared with 
the measured log K values for the addition complex. Wave-lengths close to the maxima 
have been taken, since in the exact region of the maxima themselves, particularly for 
broadened maxima, the determinations are sometimes a little inaccurate. The deviation 
from the law of additivity is very small indeed, and is usually of the order of 0-2 as in the 
cases of the deviations produced by change of solvent, due to the different polarisation 
of the absorbing molecules (cf. Scheibe, Joc. cit.). The deviation is always positive in 
complexes of the type AB, indicating a slight displacement of the curve as a whole, but is 
negative in the iodoform-—quinoline complex, which is of the type AB, and to which our 
simple formula is inapplicable. Furthermore, where two curves do not overlap, 1.e., 
where K, or Ky is zero, the increase of the log K value of the non-overlapped band is larger, 
For instance, at 3600 A., where quinoline does not betray any absorption, the log K value 

















TABLE II. 
8-Naphthylamine + m-Dinitrobenzene. 
Addn. complex, Addn. 
B-Naphthylamine. Dinitrobenzene. calculated. complex, 
f - ‘ ¢ a ‘ r “~ ay observed 
A. K. log K. K. log K. 4(K,+K,). log 3(K,+A,). log K. Diff. 
3485 2,000 3°30 230 2-47 1,130 3-05 3°34 0-29 
3320 2,000 3°30 400 2-61 1,200 3-08 3°47 0-39 
3025 1,000 3-00 850 2-93 925 2-97 3-10 0-13 
2945 4,000 3°60 1,050 23°02 2,500 3-40 3-66 0-26 
2580 5,000 3-70 16,600 4-22 10,800 4-03 4-06 0-03 
2500 25,200 4-40 26,300 4-42 25,700 4-41 4-43 0-02 
a-Naphthylamine +- m-Dinitrobenzene. 
a-Naphthylamine. Dinitrobenzene. 
3485 2,700 343 | (230 2-47 1,500 3-18 3:38 0-20 
3320 6,000 3-78 400 2-61 3,200 3-51 3°75 0-24 
3025 4,300 3°63 850 2-93 2,600 3°42 3-60 0-18 
2945 4,600 3-66 1,050 3-02 2,800 3°45 3-65 0-20 
2580 4,000 3-60 16,600 4-22 10,300 4-01 4-30 0-29 
2500 20,500 4:31 26,300 4-42 23,400 4:37 4-50 0-13 
Iodoform +- Quinoline. 
Iodoform. Quinoline. 
00) on AR, BOR os oe fap} 81 1-91 2:25 0-34 
3300 120 2-08 25 0-4 122 2-08 1:95 —013 
2900 110 2-04 2,000 3:3 1,105 3-04 2:96 —0-08 
2600 89 1-95 2,700 3-43 1,400 3°15 3-08 —0-07 
2400 290 2-46 7,950 3°9 , 4,100 3-61 3-11 —0-50 
Naphthalene +- Picric Acid. 
Naphthalene. Picric acid. Picrate, calculated. Picrate, 
r a = oe t o — t A al observed 
A. K. log K. K. log K. 4(K,+K,). log 4(K,+,). log K. Diff. 
4000 ~ ~ 6,900 3-84 3,450 3-54 4-14 0-60 
4500 _ — 830 2-92 415 2-62 3-13 0-51 
3200 20 1-33 7,580 3-88 3,800 3-58 3-94 0-36 
3050 160 2-21 6,160 3-79 3,200 351 3-75 0-24 
2900 —:1,600 3-21 6,760 383 4,200 3-62 3-76 0-14 
2550 —-2,500 3-40 13,400 4-13 8,450 3-93 4-19 0-25 
2300 —:1,800 3-25 63,000 4-8 32,400 4-51 439 —0O12 
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of the first iodoform band in the complex is larger than in iodoform itself. - This is essenti- 
ally the same phenomenon as observed by Briegleb (loc. cit.) for the complex of anthra- 
cene with trinitrobenzene, in which colour is produced by deformation which throws 
absorption into the visible region. 

It is therefore clear that neither the position of the maxima nor the log K values in- 
dicate that anything more than a small interaction of some kind occurs between the 
component molecules in these complexes. The character of the curves shows that the 
chemical individuality of the component molecules is preserved in such associations. 


EXPERIMENTAL. 


Materials —The addition complexes of m-dinitrobenzene with the naphthylamines were 
prepared in Prof. S. Bhatnagar’s laboratory at Lahore in connexion with another investigation 
and had the properties described in the literature (Buehler and Heap, J. Amer. Chem. Soc., 1926, 
48, 3168). Naphthalene picrate was purifiéd by recrystallisation and had m. p. 149°. The 
iodoform—quinoline complex was prepared as described by Rhoussopoulo (loc. cit.), and separated 
from ether in needles which had m. p. 65° after drying in a vacuum. The ethyl alcohol and 
hexane used as solvents were purified in the usual way, and their transparency was checked 
spectroscopically before the solutions were prepared. 
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348. Primary Photochemical Processes. Part IX. A Preliminary 
Study of the Decomposition of Nitromethane and Nitroethane. 


By Ernst HirscHLAFF and RONALD G. W. NoORRISH. 


APPARENTLY no observations have been recorded relating to the photochemistry of simple 
nitro-compounds. We have therefore made a preliminary study of the photochemical 
decomposition of nitro-methane and -ethane with a view to establish the nature of the 
primary photochemical change in this class of compound. The absorption spectra of these 
two substances as liquids have been investigated by Baly and Desch (J., 1908, 98, 1747), 
Purvis (J., 1913, 108, 1088), Hantzsch (Ber., 1912, 45, 85; Z. Elektrochem., 1912, 18, 470), 
and Zelinsky (J. pr. Chem., 1912, 78, 692), all of whom characterise two regions of 
continuous absorption, the first with its maximum at about 3000 A., and the second starting 
at 2500 A., and extending towards the shorter ultra-violet. While this work was in progress, 
Goodeve (Trans. Faraday Soc., 1934, 30, 504) measured the photometric extinction curves 
of nitroethane, which was found to have a continuous absorption in the gaseous state from 
3225 A. towards the ultra-violet, and she concluded that the molecule dissociates completely 
on absorption of light. Later, Thompson and Parker (Trans. Faraday Soc., 1936, 32, 
674) described the absorption spectra of the vapours of nitromethane and nitroethane, 
and our observations are in general agreement with theirs; absorption starts at 3040 A. 
for the former and at 2920 A. for the latter. In both cases the main absorption is con- 
tinuous to beyond 1800 with subsidiary minima at ca. 2450 and ca. 2400 A. respectively ; 
we have, however, found evidence of faint diffuse structure in the early part of the nitro- 
ethane absorption region at 3000 A.* . 


* Besides continuous absorption, we have also found in this compound some superimposed fine 
structure. In our photographs there appear four pairs of lines, a stronger with a weaker companion 
10 A. apart in the long wave-length side, and numerous weaker lines between and afterwards. This 
structure is not described by any of the other authors. It is possible that the banded absorption is 
due to some impurity, but it appears in the compounds of B.D.H. origin as well as in those prepared 
in the laboratory. The b. p. measurements gave exact agreement. The alkyl iodide used in the 
preparation has only continuous absorption in this spectral region. With the spectrum of benzene, 
which is always a possible impurity, there is no agreement within the limits of accuracy. The question 
as to the origin of the fine structure has therefore to remain open. It is impossible to analyse the 
spectra; they are very complex and are not fully resolved under the dispersion used. 
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By analysis of the decomposition products we have been able to characterise the primary 
photochemical change as an elimination of the oximino-group, leaving an aldehyde, which 
was readily detected: CH,R-NO, = CHR:‘O + NOH. The subsequent secondary 
reactions of the free radical account quantitatively for the other products obtained. This 
reaction forms an interesting analogy with that of Anderson, Crumpler, and Hammick 
(J., 1935, 1679), who recently established a similar photochemical elimination of the 
oximino-radical from certain nitroso-compounds. 


EXPERIMENTAL. 


The study of photochemical decomposition of the vapours was carried out in an apparatus 
similar to that used with aldehydes and ketones (Norrish and Appleyard, J., 1934, 875), in which 
the liquid, screened from the light, is kept refluxing in a long-necked quartz flask, and the vapour 
in the neck is irradiated by a vertical mercury lamp placed in a parallel position. The products 
of decomposition collect in a large evacuated globe out of the region of illumination. As judged 
from the absorption spectrum of the nitro-compounds and the distribution of energy in the 
mercury spectrum, the wave-lengths responsible for the photodecomposition in the present 
case lay between 2000 and 3000 A. 

The compounds used were prepared from the corresponding alkyl iodides and silver nitrate 
in the usual manner. Commercial specimens were also employed. In all cases they were 
distilled in a vacuum, and their purity finally checked by b. p. measurements. 

During irradiation, there was a steady increase of pressure. After about 50 hours the pro- 
ducts were pumped off in two fractions, (a) at liquid-air temperature (— 180°) and (6) at 
the temperature of carbon dioxide and ether (— 80°); these were analysed separately in a 
Bone and Wheeler apparatus. The following results were obtained, the volumes being given 
in c.c. at N.T.P. 


Nitromethane. Expt. I (58 hours’ irradiation). 


Total vol. N,. co. NO. CO,. Residue. 
Peaches (6). ccissiicccssssecedeass 28-1 14-9 57 7-5 —_ _ 
Ck errr 6-7 _ _ 3-3 2-2 2-2 
EE satisicnninnnipscsens 34-8 14-9 5-7 10-8 2-2 2-2 
Expt. II (62 hours’ irradiation). 
a, Oe ee 20-1 13-5 2-8 3-8 —_ — 
ere eer 12-9 -- — 7-5 3-2 2-2 
SE, Ssdestevnacqiwuesnes 33-0 13-5 2-8 11-3 3-2 2-2 
Nitroethane (67 hours’ irradiation). 
Total Unsatd. 
vol. Ng. co. NO. NO,. CO,. hydrocarbons. Residue. 
Fraction (a) ... 15:5 9-1 4-8 1-6 — —_ — —_— 
Fraction (6) ... 19-9 —_ — —_—_——— 1-8 9-6 2-6 
5-9 
OEE. oxeses 35-4 9-1 4:8 7-5 1-8 9-6 2-6 


The chief difference in the products from the two compounds lies in the large quantity of 
unsaturated hydrocarbon produced from nitroethane, and also in the fact that a considerable 
quantity of nitrogen dioxide was present in fraction (b). In the gas analysis no distinction had 
been made between nitric oxide and the dioxide. 

In a second experiment with nitroethane, after the gas fraction uncondensable in liquid 
air had been pumped off, the residue volatile at — 120° was collected. This proved to contain 
nitric oxide and all the unsaturated fraction. This sample was introduced into a Bone and 
Wheeler apparatus and shaken with an alkaline solution of sodium sulphite the special function 
of which was to remove nitric oxide as Na,SO,,2NO and also any trace of the dioxide and of 
carbon dioxide. One sample of the residue was found to be absorbed by bromine water to the 
extent of 98%, and another exploded with oxygen and gave a contraction of 1-97 vols. and 
produced 1-96 vols. of carbon dioxide. In this way the unsaturated hydrocarbon was identified 
as ethylene. 

In using these results to obtain a carbon balance, we have assumed that the whole of the 
nitrogen of the decomposed nitro-compound appears in the gas phase as nitrogen or its monoxide 
or dioxide. This assumption is justified finally by the-simplicity of the result. Working in this 

\ 
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way, we calculate the deficiency of carbon, oxygen, and hydrogen among the gaseous products 
based on the nitrogen content. For nitromethane this yields : 


Deficiency in gaseous products (c.c. at N.T.P.). 


Represented as C, H, and O. Represented as CH,O and H,0O. 
v4 Oo. H. H,0. H,0. 

BEE, EB ccccckscecesstones 32-7 60-3 121-8 32-7 27-6 

BERPC, BE. cccessvecesensoess 32-3 57-1 114-9 32-3 24-8 


It will be seen that the amounts of hydrogen and oxygen are nearly equivalent. Hence the 
deficiency in each case may be represented in terms of water and a carbohydrate, monomeric 
formaldehyde being chosen for the purpose of tabulation. On this basis the full analysis of the 
products from nitromethane can be tabulated as follows in terms of c.c. at N.T.P. 


CH,NO, 


decomp. N;. co. NO. CO,. CH,O. H,0O. Residue. 
Mme. : T, cacevetecees 40-6 14-9 5:7 10-8 2-2 32-7 27-6 2-2 
FE. OF cnceconacees 38-3 13-5 2-8 11-3 2-2 32-3 24-8 2-2 


In view of these results and of the simplicity of the nitromethane molecule itself, it was 
immediately apparent that formaldehyde might be a primary product. Accordingly, further 
experiments were performed to test for its presence among the products of irradiation. This 
was readily confirmed : after the vapour had been irradiated for 5 hours, the liquid gave a strong 
positive reaction for formaldehyde both with Nessler’s and with Schryver’s solution. In 
addition, globules of an immiscible liquid were floating in the nitromethane. These were readily 
identified as water by f. p. and also by means of anhydrous copper sulphate, which rapidly 
absorbed them and immediately turned blue. 

For nitroethane, assuming as before that the gaseous nitrogen compounds give a true measure 
of the amount of decomposition, we calculate the deficiency of carbon, hydrogen, and oxygen 
in the gas phase at the temperature of — 80°. This deficiency, in agreement with the results 
with nitromethane, is fairly closely expressible in terms of acetaldehyde and water, thus : 


Deficiencies (c.c. at N.T.P.). 
21 c.c. HzO + 12-6 c.c. 


Obs. CH,°CHO require Diff. 
Me ncsndevounneqesone 25-6 25-2 + 0-4 
EE kabesscecapeqes 90-1 92-4 — 23 
OF scsnsuccksctanees 35-5 33-6 +19 


A further experiment was now carried out in which the liquid was refluxed in the quartz 
tube as before, while the vapour was irradiated with the mercury lamp for 12 hours. The liquid 
residue was then examined : it was found to be mainly unchanged nitroethane, but on its surface 
were a few small globules of a colourless liquid which was identified as water as before. The 
presence of acetaldehyde was confirmed in the liquid residue by the following series of colour 
reactions and controls, the latter being designed to expose any possible interference by the 
nitrogen dioxide which was known to be present. 

A very dilute solution of acetaldehyde was made up and a few crystals of sodium nitrite 
added to it (solution A); also a dilute solution of sodium nitrite was prepared (solution C) ; 
the specimen is designed by B. 

(1) An alkaline solution of sodium nitroprusside gave a deep red colour with A and B, and 
no colour with C, 

(2) Nessler’s solution gave a brown precipitate rapidly turning grey with A and B, and no 
reaction with C, ., 

(3) Benzidine hydrochloride gave a yellow coloration which faded in 30 minutes with A and 
B, and no colour with C in very dilute solution. A strong solution of C gave a brown colour, 
probably by a diazo-reaction. 

(4) 2: 4-Dinitrophenylhydrazine in hydrochloric acid gave a lemon-yellow colour, rapidly 
turning orange, with flocculation, with A and B, and produced a white precipitate with C. 

These experiments confirm the presence of water and acetaldehyde and eliminate the effect 
of nitrogen dioxide; also (1) serves to distinguish the aldehyde from formaldehyde, which gives 
no coloration with sodium nitroprusside. 
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s The full analysis can now be tabulated as follows (c.c. at N.T.P.) : 
C,H,-NO, NO. NO,. 
decomp. N;. co. ————s—-CO,. ~«=C,H,.. CH,°CHO. H,0O. Residue. 
25-7 9-1 4:8 7:5 1-8 9-6 12-6 21 2-6 


The results of the analysis, although at first sight complicated, thus lead unmistakably to 
the conclusion that formaldehyde and acetaldehyde are products in the photodecomposition of 
nitromethane and nitroethane respectively. It will now be shown that, if it be further assumed 





e that these aldehydes are primary products in the decomposition, the rest of the analytical data 
ic can be readily interpreted in terms of the secondary reactions which must follow. We shall 
e therefore conclude that primary reactions of the following type occur : 
CH,*NO, —-> CH,O + NOH ia bowianrms:« 
C,H,"NO, —-> CH,°CHO + NOH 2-8. we 8 2 Be 


It is remarkable that this primary change is in close analogy with that established by 
Anderson, Crumpler, and Hammick for the photochemical decomposition of nitrosoisopropyl- 
acetone and £-nitroso-Se-dimethylhexane, viz., 


hy + Me,C(NO)-CH,R = }H,N,O, + CMe,:CHR 


As in their case, the other products of reaction can be accounted for as decomposition and 
oxidation products of the free oximino-radical NOH; e.g., writing 


SNOM wiMO+Ny POO ec we ee @ 


— a a a 


followed, in the case of nitromethane, by 


O.+- CBO, = CHO 4+ BNO. 6s eee «1 @ 
SHNO, = H,O+NO+NO,....... . @ 
NO, + CH,O=NO+H,O+CO ..... =: (6) 


we obtain, on applying appropriate factors and combining the equations with equation (1) : 


6CH,-NO, = 5CH,O + 2N, + 2NO + 4H,O + CO 


BEE, © nnsaqustonscons 6-0 4-8 215 1:6 4-0 0-83 (1-2) 
HOMO, BE dsspidecsvatces 6-0 5-0 2:15 1:8 3-95 0-45 (0-95) 
‘ 


Below the equation are given the experimental figures reduced to a basis of 6 vols. of nitro- 
methane decomposed. There is obviously good agreement. Two values are shown under 
CO in each case, those in parentheses having been obtained by adding in the volume of carbon 
dioxide found in the experimental results. In view of the deficiency of nitric oxide and excess 
of nitrogen it seems probable that some oxidation of carbon monoxide to dioxide occurred. 
It is clear, however, that the results can be satisfactorily accounted for in terms of the primary 
mechanism of equation (1), followed by simple oxidation reactions. 

The products from nitroethane can be accounted for in terms of alternative oxidation 
reactions. Thus, if reactions (2) and (3) are followed, e.g., by reactions 


CHM +OeCR + MM. 2 1 iat 
2HNO, = H,O+2NO,+0 ...... . (8) 
HNO, + C,H,-NO, = 29CO+3H,O+N, ..... (9) 
oe ee: CS bi ie 


then, by application of appropriate factors to (2), (3), (7), (8), (9), and (10) and adding, we obtain 
the stoicheiometric equation 


16C,H,*NO, = 8CH,-CHO + 6N, + 6C,H, + 12H,O + 3CO + CO, + 3NO, + NO 
a 
16-0 8-0 57 = 6-0 124 31 bl 4:8 


The experimental figures reduced to the basis of 16 vols. of nitroethane are shown below the 
equation and are in good agreement. 











1584 Primary Photochemical Processes. Part IX. 


DISCUSSION. 


The apparently complicated analytical results therefore point unmistakably in both 
cases to identical primary reactions, and these are the more interesting since they have 
been shown to apply to nitroso-compounds as well. 

This must be regarded as an important clue to the nature of the primary act. Our 
knowledge of the mechanism is limited, but the fact that in the nitroso-compounds studied 
by Anderson, Crumpler, and Hammick it is not possible for the nitroso-group to take up 
any isomeric form, suggests that with the nitro-compounds reaction must also be identified 
with some form of the molecule which possesses a true nitroso-group. Thus, of the two 
isomeric modifications (I) and (II), we conclude that it is the form (I) whose light absorption 
is responsible for the reaction. 


O OH 
(1)  RCHyNC R-CH:N¢ (IL) 
Oo O 


This is not to say that reaction does not take place through some structure analogous 
to (II). Since an oximino-group is actually split off, it is clear that a hydrogen atom must 
come into close association with the nitroso-group at some stage of the change, and the 
simplest way in which this can be visualised is to suppose that light absorption throws the 
molecule into the form (II) and that the following change occurs : 

a” 
OH! 
R-CH==N% ~~ —> R-CH:0 + NOH 

“hn 
A rough estimate of energy required for this change can be computed from Sidgwick and 
Bowen’s estimated values of the heats of formation of the C—C and the C—N link, 
and by assuming that the heat of formation of N=O is half that of N—O, the value of 
which was calculated by Anderson, Crumpler, and Hammick as 114-3. In this way we 
find that an absorption of energy of ca. 43 cals. is required, though this value must be 
regarded as only very approximate in view of the fact that the bond energies are not yet 
fixed with certainty and, in particular, are subject to a correction for the 5S + %P transition 
in the carbon atom, as already pointed out by one of us (Norrish, Trans. Faraday Soc., 
1934, 30, 103). The calculation, however, is sufficient to show that a light quantum 
of 90 cals.*or more, which is what we are concerned with in the present case, is fully adequate 
to provide the required energy. 

The tautomeric change envisaged above as preceding the final rupture of the tholecule 
is analogous to, though not identical with, the mechanism suggested by Anderson, Crumpler, 
and Hammick for the nitroso-compounds, as can be seen by comparing the two cases. 


Nitroso-compounds. Nitro-compounds. 
tet et Ht H-to 
{ro h — az\lo2 —> 
NOH O=N—O NOH 


We may iain assume that both arise from the same cause, viz., the close approach of 
a hydrogen atom to the electronically excited nitroso-group at some stage in the vibration 
of the molecule after light absorption. 

SUMMARY. 

The nature of the primary photochemical change in the photochemical decomposition 
oi the vapours of nitromethane and nitroethane has been examined. Light absorption, 
mainly continuous, occurs beyond 3000 A., and it is shown that the products of de- 
composition can be represented quantitatively as resulting from a primary change 


O 
Wy + R-CHyN = R-CHO + NOH, followed by secondary reactions of decomposition 
O 


and oxidation by the oximino-radicals. 











Askew: Surface Films of the Resinols and Allied Substances. 1585 





The relationship of this change to an analogous one discovered in nitroso-compounds by 
Anderson, Crumpler, and Hammick is discussed. 
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349. Surface Films of the Resinols and Allied Substances. 
By F. A. ASKEw. 


It is now well recognised that by a study of unimolecular films formed on the surface of 
water useful information may be obtained concerning the details of the structures of com- 
plex organic molecules. Groups of compounds which have been investigated in this way 
include the sterols and vitamin-D (Adam and Rosenheim, Proc. Roy. Soc., 1929, A, 126, 
25; Rosenheim and Adam, ibid., 1929, B, 105, 422; Danielli and Adam, Biochem. J., 
1934, 28, 1583; Adam, Askew, and Danielli, 2bid., 1935, 29, 1786), the hormones of the 
cestrin group (Adam, Danielli, Marrian, and Haslewood, ibid., 1932, 26, 1233; Danielli, 
Marrian, and Haslewood, ibid., 1933, 27, 311), vitamin-E concentrates (Askew, 1bid., 
1935, 29, 472), and the sapogenins (Askew, Farmer, and Kon, this vol., p. 1399). Many of 
these earlier investigations, for purposes of comparison, were upon compounds of known 
structure; moreover, many structures which were unknown at the time of the investig- 
ations are now known. Consequently, a large amount of information is now available 
about the properties of the films of these complex molecules, particularly those which, 
like the sterols, have a fundamental skeleton of the cyclopentenophenanthrene type, and 
such information serves as a basis of comparison for fresh groups of compounds of unknown 
or doubtful constitution. Such a group is that which includes the resinols, substances 
occurring in the saps and resins of plants. These compounds have been extensively in- 
vestigated by Ruzicka and his co-workers (Ruzicka, Huyser, Pfeiffer, and Seidel, Annalen, 
1929, 471, 21; Ruzicka, Briingger, Egli, Ehmann, and Goldberg, Helv. Chim. Acta, 1932, 
15, 1496, etc.) and by Spring (J., 1933, 1345) and others, as a result of which the fundamental 
skeleton of the group is considered to be as in the structural formule, the substances 
being saturated, or nearly saturated, pentacyclic compounds, the first three rings being 
arranged as in the phenanthrene nucleus. The compounds described differ, inter aha, 
in the nature and position of the substituent groups. Hypothetical formule (due to 
Ruzicka and his co-workers) for the compounds whose properties have been studied and 
described in this paper are given in the formule and the table,* different groups being 


v4 CH, 
; y) H 
CH,| Ut H, ree, a 3 
B 7 CH, 
cH a Ka inv CH, 
- 4 4 CH, 3 


Hypothetical formule for the resinols, etc. Sterol skeleton. 


substituted in positions A, B, and C in the molecule, and the object of these investigations 
was to determine whether, and to what extent, these hypothetical formule are in accord- 
ance with the properties of the surface films. 


* See note (p. 1592). 
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Curve. Fig. Substance. A. B. C. 
I (RII setaitinncriianeniivient OH CH, CH, 
II PAM GTUD cccecccccceccvsccvccccccssdccccoccccsessceces OH CH, CH, 
III DRAG BOARD nds cccctnicciccsscceccsisscessece OAc CH, CH, 
IV Di. | ARM | snk biciiides dicnacicseacdessrcdsgecédestots :O CH, CH, 
Vv DEMO, secicvccccspacsncipsvcceccessssoccseaceccudsebes OH CH, CH, 
VI DRAIN  vncvcuncincenaveceqeciensesshayestscdieway OH — — 
Vil RR ansctstcccrscscctccesctecsecsacsiesexeese 20 — — 
Vill © I nici idewcernccentsccesseaenacnpeenssaiives OH CH, CH,°OH 
IX SBR GERGRGIG... nc crccccccccccsssceccessscscsoscce OAc CH, CH,°OAc 
X OD '. QI vrasscccesaradivsddctesesbiupccucesteed OH CH, CH,°OH 
Xl 2 Dihydrobetulin diacetate ...............cceeeeee OAc CH, CH,°OAc 
X11 2  Dihydrohederabetulin diacetate ............... OAc CH, CH,*OAc 
ES Se. eeneennnnnn OH CH, CO,H 
yr || Sp MatnyhRaNaNAe ccs aLscccccccasceentite OH CH, CO,Me 
XVII 4  Mothyl cleamomate .....cccccccrcsccscccccdccccsions :0 CH, CO,Me 
XVIII DF -B cnccitsentiscnccssiaccotececsencessbveras OH CH,°OH CO,H 
XIX 3  Hederagenin methyl ester .............ccseeeeeees OH CH,°OH CO,Me 
XX & = HRSEREYE ROTORS... pccccccccccceseccepeccoes :O CH,°OH CO,Me 


Since these measurements were carried out, data on a few of the compounds described 
have been published by Harkins, Ries, and Carman (J. Chem. Physics, 1936, 4, 228) ; 
in the majority of instances, these authors obtained results similar to those described 
below, but there are one or two marked discrepancies (see p. 1588). 


EXPERIMENTAL. 


Methods.—The apparatus and technique employed were as described in earlier papers from 
this laboratory, and summarised by Adam, Askew, and Danielli (/oc. cit.). The results of meas- 
urements of surface pressure and surface potential, which were made simultaneously, are given 
in the figures, together with the values of u calculated from the surface potential data by the 
Helmholtz formula, Av = 4rnu, Av being the surface potential in millivolts, and m the number 
of molecules per sq. cm. in the film. The significance and use of this value yu, which is related 
to the vertical component of the dipole moment of the water-attracting groups, are discussed 
in the earlier papers. Films of a number of the compounds were also examined under the ultra- 
microscope, by the method of Zocher and Stiebel (Z. physikal. Chem., 1930, 147, A, 401) as 
modified by Adam (Tvans. Faraday Soc., 1932, 29, 90). Models of the compounds were made 
in the manner previously described in connection with the measurements on films of the sterol 
derivatives, and the cross-sectional area of the minimum enclosing rectangular parallepiped 
measured, for comparison with the measured area per molecule. 

The films were spread, except where otherwise stated, on the surface of N/50-hydrochloric 
acid, at room temperature (16—20°). 

The figures show areas per molecule (in A.*) as abscissz, values of surface pressure (in dynes/ 
cm.), of surface potential (in millivolts), and of u (in e.s.u. x 10-*) being given as ordinates. 

Monohydroxy-compounds and their Acetates.—Data for five compounds are shown in Fig. 1. 
The unbroken curves being considered first, four of these compounds form incompressible 
films of the type shown by the 3-hydroxysterols, and have limiting areas between 40 and 50 
A.*. These are fully in accordance with the formule attributed to these compounds above and 
in the table, since model measurements show that position A in the resinol skeleton is, like 
position 3 for the sterols, the most favourable for allowing the molecule to stand vertically and 
pack closely, and the two methyl groups in ring I of the amyrin formula cause the minimum 
limiting area to be some 4—6 A.? greater than that for the 3-substituted sterols. Thus the areas 
of the amyrins and lupeol.are fully in accordance with these structures; lanosterol, which, 
like the resinols, is probably pentacyclic (Dorée and Garratt, J. Soc. Chem. Ind., 1933, 52, 141) 
but probably has no methyl groups in ring I, occupies an area similar to that of the sterols. 

Model measurements show that when molecules of the resinol structure stand vertically 
with position A at the bottom, rings IV and V, like the side chain of the sterols, can have little 
or no influence on the limiting area. 

The surface potentials of compounds I, II, and IV, which are isomeric, are similar to each 
other and to those 3-hydroxysterols which have the hydroxyl in the normal, not the epi, posi- 
tion, and the values of » only diminish slightly with decrease in area. This, together with 
the similarity in limiting areas, renders it unlikely that the isomerism involves structural or 
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spatial isomerism of the hydroxyl group. This is in agreement with the chemical evidence. 
The isomerism is more probably connected with changes in the ring linkages, as for the chole- 


stane and coprostane series. 


Unfortunately, the change in area occupied by models produced 


by changing the linkage between rings I and II from érans to cis is too small and indefinite to 
assist in establishing the ring linkages of these compounds. 

These substances show to a marked extent the phenomena of contraction, i.e., the pressure 
initially rises at an area considerably in excess of that of the final film, but if the area is main- 


tained constant, the pressure rapidly falls off again to a low value. 


Decreasing the area pro- 


duces a further temporary rise, and so on, until a definite area is reached at which the film 


behaves as a normal condensed one. 








By working very quickly, an approximation to the form 
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compounds shown in Fig. 1 contract to some extent; the contraction with «-amyrin is only 
very slight and occurs below 2 dynes/cm. pressure. The final film in each case is a solid one. 
The acetate of 8-amyrin collapses as well as contracts, and no definite area can be ascribed to 
the final film, but it is probably close to that of the parent alcohol. The surface potential 
of this acetate, like those of the acetates of other compounds studied previously, is much higher 
than that of the alcohol. 

The phenomena of contraction have been observed previously with other substances (e.g., 
palmitic acid in some circumstances, Adam, Proc. Roy. Soc., 1922, A, 101, 452; ergosterol, 
Danielli and Adam, /oc. cit., 1934), but are not yet fully understood. It is a common occurrence 
in this group of compounds, and data relating to it, and experiments designed to elucidate it, 
are discussed later (p. 1590). 

Dihydroxy-compounds and their Acetates —The two dihydroxy-compounds, betulin and hede- 
rabetulin (Fig. 2), form compressible initial films, and contract to solid films, that of hedera- 
betulin being fairly incompressible and having a limiting area of 46 A.*. The films of betulim, 
though solid in this region, collapse readily, and a definite area for the film cannot be given, 
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although this is probably between 45 and 50 A.? (cf. Harkins e¢ al., loc. cit.). Hence it 
appears that these compounds are orientated on the surface similarly to the monohydroxy-com- 
pounds, being attached by the water-attracting group at position A; the second hydroxyl group 
certainly does not cause the molecules to lie flat. A possible reason for this is found in model 
measurements, which show that, if the formule given in the table are correct, the two hydroxyls 
are so situated that it is practically impossible for them both to reach the water simultaneously. 

The three diacetates give very different films from the dihydroxy-compounds; none of the 
three contracts to any marked extent, the areas are all considerably larger, and the films, 
especially those of betulin diacetate (IX) and dihydrobetulin diacetate (XI), are much more 
compressible. Dihydrohederabetulin diacetate (XII), unlike the others, forms liquid films. 
It is probable that in these compounds the second polar group is attached to the water surface, 
holding the molecule in a tilted position. Even so, the hypothetical formule given in Table I 
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do not allow an easy explanation of the behaviour of the films. Models made up according to 
these formule show that the two acetyl groups, unlike the two hydroxyl groups of betulin, 
could both reach the water, but that the molecule would then lie flat, and occupy at least 120 A.?. 
This does not occur. The film data strongly suggest that in betulin and related compounds 
the second hydroxy] group is not in position C, but in some other position nearer to position A. 

Ketones and Carboxyl Compounds.—Lanostenone (Fig. 3, Curve VII), like lanosterol, be- 
haves entirely iri accordance with the view that the water-attracting group is in position 3 
in a sterol-like skeleton; the films of lanostenone are in area and compressibility very like those 
of coprostenone. Unlike lanosterol, lanostenone does not contract, and forms liquid films. 

8-Amyrone gives a film slightly larger than that of 8-amyrin, and rather more compressible, 
again in accordance with its suggested structure. 

Both these keto-compounds, like the keto-compounds of the sterol series, show much higher 
values of surface potential and p than the corresponding hydroxyl derivatives. 
Oleanolic acid (XIII) contracts to form a solid film, of limiting area 48-5 A.*; 7.e., the mole- 
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cules are probably standing on end, attached to the water surface only by the hydroxyl group 
in position A. By increasing the attraction of the underlying liquid for the carboxyl group, 
by the addition of alkali (N/10-sodium hydroxide), however, the molecules can be made to lie 
flat, forming the gaseous film shown as curve XIV, Fig. 4.- On the other hand, by decreasing 
the attraction of the carboxyl group for water, as in the methyl ester, a curve as XV in Fig. 
3 is obtained, where a condensed film of limiting area corresponding to a compound substituted 
in position A is obtained at once, without an initial stage of contraction. This compound on 
N/10-sodium hydroxide also appeared to form a gaseous film (Curve XVI, Fig. 4). 

The value of pu for the ester is approximately the same both on N /50-hydrochloric acid and on 
N/10-sodium hydroxide, whereas the value for the acid changes from a fairly high positive value 
to a negative one on the alkaline solution; this probably means that the acid is ionised on the 
alkaline solution, and the potential measured is that due to the layer of ions. 
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The corresponding keto-compound, methyl oleanonate, is shown as Curve XVII, Fig. 4. 
Like the hydroxy-compound, this substance forms a non-contracting compressible film, but 
the area occupied is widely different, the limiting area being nearly 100 A.* greater. This 
corresponds to a condensed film of molecules of this type lying flat, for which, from model 
measurements, an area of at least 120 A.? would be required. In other words, substitution of 
the keto-group for the hydroxyl group has removed the tendency of these molecules to stand 
upright attached to the water only by a group in position A. 

These compounds (Curves XIII—XIX, Figs. 3 and 4) have been discussed in detail, since 
they clearly illustrate a point which has not hitherto been sufficiently realised in connection 
with molecules of this type, viz., that large molecules, containing one powerful water-attracting 
group, such as hydroxyl, together with other groups, may so orient themselves in the water surface 
that they are attached by only the one group, and behave as if the others were not there. This 
tendency appears to be greatest when one polar group is much more strongly water-attracting 
than the others. If the water-attraction of this group is weakened (e.g., by acetylation) or the 
others strengthened (e.g., by adding alkali to the solution underlying an acid), then the molecule 
has an increased tendency to tilt away from the vertical or lie flat, its orientation being 
determined by more than one polar group. 

Further evidence in support of this is given by smilagenin and its acetate (Askew, Farmer, 
and Kon, Joc. cit.). Smilagenin has a sterol-like molecule with a hydroxyl near one end and oxy- 
51 
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gen-containing rings at the other. It contracts to form a solid incompressible film, of which 
the limiting area indicates that the molecule is standing on one end attached to the water by 
the hydroxyl; the acetate of this compound, however, lies flat and forms a gaseous film. Other 
examples of changes in orientation produced by changing the nature of the water-attracting 
groups in poly-substituted compounds were given by Adam e# al. for sterol compounds (loc. 
cit., 1935). 

The three remaining compounds in this group, hederagenin, its methyl ester, and methyl 
hederagonate, have been assigned formule similar to those of oleanolic acid, etc., except that 
one of the methyl groups in ring I is replaced by a hydroxymethyl group. Their behaviour is 
in accordance with this, the molecules being somewhat more tilted than those of the oleanolic 
acid series, presumably owing to the presence of the second hydroxyl group. Methyl hedera- 
gonate, in which the group in position A is ketonic, gives curve XX, Fig. 4, which corresponds 
to that of a molecule standing on edge; model measurements show that a molecule in this 
position could have groups in both positions B and C attached to the water surface,‘and that 
the limiting area would then be about 90 A.?, in good agreement with that found. This method 
of orientation of the molecules seems to be a very unstable one with respect to pressure, for the 
films of this compound began to collapse under only 3 dynes/cm.; another compound supposed 
to have this orientation, A‘‘5-coprostene-7-ol (‘‘ ¥-cholesterol ”’), also collapses readily (Adam 
et al., loc. cit.). 

The behaviour of the films of these carboxyl compounds is in agreement with the hypo- 
thetical formule put forward for them. 

Considering the whole group of compounds : (a) The evidence is strongly in favour of position 
A being the correct one for the primary water-attracting group, like position 3 in the sterol 
skeleton. (b) There is good evidence, based on the larger area occupied by the incompressible 
condensed films compared with those of the sterols, for the presence of the methyl groups in 
ring I; as far as the evidence from films goes, however, they might equally well be in position 
4, or be replaced by an ethyl group. (c) The evidence, though slight, is in favour of position 
B being the correct one for the second hydroxyl] in hederagenin, etc.; this helps to strengthen 
the evidence for the two methyl groups being attached to position 2. (d) Position C is more 
doubtful; the behaviour of the carboxyl compounds is in agreement with the position shown 
on p. 1593, but the evidence from the dihydroxy-compounds would suggest that a position less 
far removed from position A is more likely. 

Some Observations relating to the Contraction Phenomena.—In view of their interest from 
the theoretical standpoint, as well as the fact that contracting films are a disadvantage when 
attempts are being made to determine accurate limiting areas, experiments were made to dis- 
cover the underlying causes of this phenomenon, and to find whether its occurrence could be 
controlled. A summary of the data and conclusions is given below, based on experiments with 
the resinols, the sterols, and the sapogenins. 

(1) Contraction is a distinct process from that usually known as collapse, in which some of 
the molecules are pushed out of the water surface by the applied pressure, and pile up to form 
multimolecular layers. Contraction is, in general, initially a much more rapid process, and the 
rate falls off rapidly with time. The initial form of some films, e.g., B-amyrin, contracts under 
1 dyne/cm. pressure, but the final film will stand 30 dynes/cm. without collapse. Moreover, 
the bright patterns under the ultra-microscope characteristic of collapse are not observed in the 
true contraction region. Contraction and collapse may occur simultaneously ; some compounds, 
e.g., B-amyrin acetate (Fig. 1), do not appear to form a stable film at all, although under pressure 
and after some contraction has taken place a solid film is present on the surface. 

(2) Simple solution of the film, or a reaction with the underlying liquid, does not appear to 
be a cause of the phenomenon, since films may be left for a considerable time either before 
compression or after contraction without marked changes taking place. 

(3) It is noteworthy that all the compounds described in this paper which contract on first 
compression give Solid films; this is also true of other series of compounds, ¢.g., the sapogenins. 
Ergosterol, the only sterol compound with which contraction phenomena have been observed, 
is one of the very few which give solid films. That the solid character of the final film is a 
secondary, not a primary property of contracting films, however, is shown by the fact that ad- 
mixture of other substances may result in a liquid film without entirely removing the tendency 
to contract [see (9) below]. 

(4) Raising the temperature to 35°, or cooling to 0°, does not appreciably affect contraction, 
and does not greatly affect areas of the initial or final films. This, together with the evidence 
from mixed films (3, above), almost certainly excludes considerations of a two-dimensional 
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‘melting point,’’ and also further distinguishes the phenomena from those associated with the 
transition between liquid-expanded and condensed films (Adam, ‘‘ The Physics and Chemistry 
of Surfaces,”’ Clarendon Press, 1930; Langmuir, 7. Chem. Physics, 1933, 1, 756). 

(5) Lowering the surface tension of the underlying solution by 11 dynes/cm., by the addition 
of butyl alcohol, has no appreciable effect on the contraction of lanosterol; neither is the con- 
traction of B-amyrin affected by spreading it on a viscous concentrated sucrose solution. 

(6) From the results presented in this paper it may be concluded that the phenomena of 
contraction are not obviously linked with any special ring-structure or water-attracting 
group. 

(7) The initial unstable films, such as that of B-amyrin, are similar in area and compressibility 
to the films of the 3-keto-derivatives of the sterols, whereas the final solid films resemble those 
of the 3-hydroxy-sterols. The different arrangement or tilt responsible for the larger area of the 
3-keto-sterol derivatives, is, for these compounds, stable under pressure. There is the possi- 
bility that a similar arrangement is valid for the resinols, but that this arrangement is not stable 
under pressure, the films contracting to the close-packed form. Such attempts as have been 
made, however, to stabilise the initial form of the curve of substances such as B-amyrin, by vary- 
ing the condition in the ways described above, or, conversely, to cause films of coprostenone 
to contract, have failed. 

(8) The initial contracting films are electrically practically homogeneous, the fluctuations 
being only about 10 mv., even when contraction is rapidly taking place, and no violent changes 
of surface potential have been observed when any of these films contract. The contracted solid 
films, when measurable, have usually shown rather smaller fluctuations, of the order of 3—5 
mv., but the surface potential—area curves are continuous and without sharp breaks. The 
quantity pu is in most cases, as may be seen from the figures, practically constant over the area 
range in which contraction is taking place, strongly suggesting that, whatever the mechanism 
may be, it does not involve great changes in orientation of the molecules in the vertical plane. 

(9) In a previous paper (Adam, Askew, and Danielli, Joc. cit., 1935) it was shown that the 
3-keto-compound, coprostenone, which occupies an area (59 A.*) considerably larger than 
that of the 3-hydroxy-compounds, can be made to stand upright and occupy an area similar 
to that of the 3-hydroxy-compounds, by mixing it with cholesterol; i.e., the large area is prob- 
ably due to tilt. It was also shown that cholestan-6-ol or cholesten-7-ol, which owe their 
tilt to the altered position of the hydroxyl group, are not brought upright by mixing them with 
cholesterol. Some experiments have been carried out to determine whether the same condi- 
tions obtain in the initial films of the resinols (cf. 7, above), and especially to see whether the 
contraction phenomena are inhibited by the presence of other substances. It was shown 
(Askew, Joc. cit., 1935) that the surface properties of a crystalline substance occurring in wheat- 
germ oils could be approximately reproduced by a mixture of 8-amyrin and vitamin-E-rich oil, 
the mixed films showing a much smaller tendency to contract, and being much more compressible 
than the films of B-amyrin. Mixtures of equimolecular proportions of 8-amyrin with cholesterol, 
cholestan-6-ol, or hexadecyl alcchol, 1 : 3-molecular mixtures of B-amyrin and hexadecyl alcohol, 
and also 1: 1 and 1: 3 molecular mixtures of betulin and hexadecyl alcohol were spread on the 
surface of N/50-hydrochloric acid. In none of these mixed films was the initial film stabilised, 
neither did the film proceed straight to the condensed form without going through the contract- 
ing phase. In the mixtures with cholesterol and cholestan-6-ol, the limiting area of B-amyrin 
in the condensed film was unchanged; the mixed film was solid in the first case, liquid in the 
second. The substar.ces do not seem to stabilise tendencies to form films of either upright or 
tilted molecules. In the mixtures of §-amyrin with hexadecyl alcohol, the presence of 
molecules of such a dissimilar compound appears to prevent the close packing of the amyrin 
molecules and the formation of the crystalline solid phase. Although the contraction was not 
markedly inhibited, the limiting areas of B-amyrin in 1 : 1 and 1 : 3 molecular mixtures with hexa- 
decyl alcohol were about 51 and 63 A.? respectively, compared with 47-5 A.* for pure B-amyrin. 
The calculated curve for B-amyrin in the 1 : 3 mixture was much more compressible than either 
of the others. The final film resulting from the 1 : 1 mixture was semi-solid, and that from the 
1: 3 mixture definitely liquid. The initial rise of pressure corresponding to the formation of 
the contracting film occurred at a rather greater area in each case. Hence it appears that the 
formation of a two-dimensional solid and close packing can be hindered without removing the 

tendency to contract. The mixed films of betulin and hexadecyl alcohol contracted, were very 
compressible and gave no definite stable phase, marked collapse obviously taking place. 

(10) Some of the data quoted above, particularly those on oleanolic acid and related com- 
pounds, together with observations on smilagenin and its acetate (Askew, Farmer, and Kon, 
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loc. cit., 1936) suggest that the mechanism of contraction may be connected with the presence 
in some of these molecules of a second polar group, which, either by reason of an intrinsically 
weaker water-attracting power or by its spatial arrangement, cannot hold the molecule firmly 
to the water surface, but contracts to a state in which the molecules are standing vertically, 
attached by one polar group only. If this is the fundamental reason for contraction, and not 
merely an accompanying factor, one would have to explain why compounds possessing appar- 
ently only one water-attracting group, such as those in Fig. 1, should show contraction. In 
this connection, it is just possible, since the water-attracting power of the second group need 
only he very weak compared with that of the hydroxyl group, that the double bond in ring V 
should have this property : if this is so, one would expect the initial film to be greatly stabilised 
when the compounds are spread on permanganate solutions (compounds such as oleic acid, 
having a double bond in the chain, stand upright on water, but lie flat on permanganate solu- 
tion; Adam and Jessop, Proc. Roy. Soc., 1926, A, 112, 371). Accordingly, films of B-amyrin, 
betulin, and hederagenin were spread on the surface of neutral 0-1% and 1-0% potassium 
permanganate solutions and on 1-0% permanganate containing 0-1M-sulphuric acid. On none 
of these solutions did the films assume the gaseous form; no difference was observed on the 
two neutral solutions, and on the acid solution there was a tendency for the initial films of betulin 
and hederagenin to occupy about 10% larger areas; increasing the acid concentration to 0-5M 
did not increase this value. Thus the behaviour of these films on permanganate solutions does 
not support, though it does not refute, the hypothesis that the contraction phenomena are due 
to the double bond in ring V. 

Although the experiments outlined above have provided some information concerning the 
phenomena of contraction, yet this has been mainly of a negative character, and the problem 
of the underlying causes still remains open. 


SUMMARY. 


Measurements of the surface pressures and surface potentials of 18 compounds belong- 
ing to, or related to, the resinols have been made. The results have been compared with 
data on known compounds, particularly the members of the sterol series, and discussed in 
the light of hypothetical formule put forward on chemical grounds. 

The amyrins and other monohydroxy-compounds give films resembling those of the 
sterols, and are consistent with the formule given, in which the hydroxyl is in a position 
corresponding to the 3-position in the sterol formula, and also with the presence of two 
methyl groups in ring I. The data would be difficult to reconcile with other formule. 

The data for the keto- and carboxyl-substituted compounds are also consistent with 
the allotted formule and with the known differences between these groups and the hydroxyl 
group. The behaviour of the dihydroxy-compounds and their acetates, especially com- 
pounds related to betulin, is complex and difficult to interpret in the light of their sup- 
posed formule. 

Compounds having two or more polar groups widely separated in the molecule may give 
films in which only one polar group is attached to the water, especially if one polar group 
has a much stronger water-attracting power than the rest. It is shown that, by making 
the water-attracting power of the groups more nearly equal, the molecules may be made to 
assume an orientation in which more than one polar group is attached to the water. 

Many of the compounds of this group form unstable initial films and show the pheno- 
mena of contraction. This problem is discussed and attempts to elucidate it described, 
but no general solution has yet been reached. 


The author thanks Prof. L. Ruzicka, Prof. J. C. Drummond, and Dr. C. Dorée for the mater- 
ials used in this investigation, Dr. N. K. Adam for his continued interest and advice, the Govern- 
ment Grants Committee of the Royal Society *for assistance in the purchase of apparatus and 
materials, and the Medical Research Council for a maintenance grant. 


Str WILLIAM RAMSAY LABORATORIES OF PHYSICAL AND INORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. (Received, August 8th, 1936.] 


[Note, added September 25th, 1936.] Ruzicka and his co-workers have recently (Helv. 
Chim. Acta, 1936, 19, 386, 504), on chemical grounds, put forward a modified fundamental 
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skeleton (inset) for the compounds of the resinol group. In this, compared with the older 
formule (p. 1585), the principal modification is the shift 
Pa wr of groups A and B each one carbon atom further round ring 
/N/~ 3 I. From the point of view of the surface-film results, this 
is, on the whole, a less satisfactory formula. Group A 
(inset) is no longer at the extreme end of the molecule, 
C and it is difficult to reconcile this position with the mini- 
Oa IXY mum areas of the compounds in Fig. 1; it is not, however, 
NCH impossible. 

BH " *It was shown above that the films of the dihydroxy- 
3 compounds, betulin and hederabetulin, and their derivatives 
indicate that the two hydroxyl groups are not far apart in the molecule, in disagreement 
with the formule given on p. 1585 and in the table. The new hypothetical formula for 
hederabetulin has the two hydroxyl groups in positions A and B (inset), and is now in 
better agreement with the film data. For betulin, however, a formula in which the 
hydroxyl] groups are in positions A and C is considered on chemical grounds to be the more 

probable; the film data indicate that this formula is an unlikely one. 
Methyl hederagonate is now considered to have a keto-group at A and a carbomethoxy- 
group at C. This accounts better for the ready collapse of films of this substance than the 

old formula, which contained a hydroxy] group at B. 





350. Derivatives of 4-cycloHexyldiphenyl. Part I. 


By F. RoBert BAsForpD. 


DIPHENYL combines with cyclohexene in the presence of aluminium chloride to give, 
amongst other products, two crystalline derivatives, cyclohexyl- and dicyclohexyl-dipheny] 


(Bodroux, Ann. Chim., 1928, 11, 511). The same compounds have now been prepared 
from diphenyl and cyclohexyl bromide in the presence of the same catalyst and they have 
been identified as the 4- and the 4 : 4’-derivative respectively. Under suitable conditions, 
a yield of 35% of the 4-compound can be obtained. 

Selenium dehydrogenation of both hydrocarbons gives respectively 1 : 4-diphenylbenzene 
and 4 : 4’’-bisdiphenylyl; and 4-cyclohexyldipheny] reacts with acetyl chloride and benzoyl 
chloride in the presence of aluminium chloride to give the corresponding ketones. 


EXPERIMENTAL, 


4-cycloHexyldiphenyl.—To a solution of diphenyl (50 g.; 4} mol.) and cyclahexyl bromide 
(27 g.; $4 mol.) in carbon disulphide (35 c.c.), anhydrous aluminium chloride (1 g.) was added; 
after 5 hours, the reaction was completed at 45° in } hour. The solvent and the excess of di- 
phenyl were removed in steam and the non-volatile residue was extracted with benzene; after 
evaporation the remaining oil was distilled under reduced pressure. The fraction, b. p. 210— 
230°/7 mm., partly solidified at 0°; the crystalline material was collected and recrystallised, 
giving fine colourless needles (11 g.), m. p. 74-5° (Found: C, 91-4; H, 8-4. Calc. for C,,H,, : 
C, 91-5; H, 8-5%). 

With quantities of aluminium chloride greater than that used above, the percentage of iso- 
meric oils increases considerably. 

Oxidation of 4-cycloHexyldiphenyl to Terephthalic Acid.—The hydrocarbon (2 g.) was 
suspended in a solution of sodium dichromate (12 g.) in water (35 c.c.), and concentrated sulphuric 
acid (27 c.c.) added with constant stirring; the mixture was finally heated at 100° during 1 hour. 
The precipitate obtained by dilution was purified by dissolution in alkali and reprecipitation 
with hydrochloric acid; the product did not melt at 360° but sublimed, and its methy] ester, 
m. p. 139°, was identified by a mixed m. p. as methyl terephthalate (Noelting, Ber., 1875, 8, 
1113). 

Dehydrogenation of 4-cycloHexyldiphenyl to 1 : 4-Diphenylbenzene.—4-cycloHexyldiphenyl 
(1 g.) was heated during 8 hours with selenium (3 g.) at 330°. The cooled melt was extracted 
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with hot benzene, from which plates, m. p. (and mixed m. p.) 213°, were obtained (Gerngross 
and Dunkel, Ber., 1924, 57, 739). 

4 : 4’-Dicyclohexyldiphenyl.—This was obtained either (a) from the higher-boiling fractions 
formed during the preparation of the mono-derivative or (b) by the action of cyclohexyl bromide 
on 4-cyclohexyldiphenyl. 

(a) The fraction, b. p. 230—280°/7 mm., became solid when cooled, and on agitation with 
cold acetone crystalline plates remained undissolved; m. p. (from acetone) 205° (corr.); yield, 
1-5 g. (Found: C, 90-4; H, 9-5. Calc. for C,,Hg,: C, 90-6; H, 94%). 

(b) 4-cycloHexyldiphenyl (3 g.) was dissolved in a mixture of cyclohexyl bromide (2 g.) and 
carbon disulphide (10 c.c.), and the reaction initiated by the addition of aluminium chloride 
(0-25 g.). After 2 hours the carbon disulphide and the excess of cyclohexyl bromide were 
removed by steam-distillation ; the residual oil was extracted with benzene and after evaporation 
of the solvent the product was treated with cold acetone, crystals, m. p. (from acetone) 205°, 
being obtained; yield, 0-65 g. or 16%. 

Dehydrogenation of 4: 4’-Dicyclohexyldiphenyl to 4: 4’-Bisdiphenylyl.—4 : 4’-Dicyclohexy]- 
diphenyl (0-5 g.) was heated during 2 hours at 340° with selenium (2 g.); the melt was cooled, 
pulverised, and extracted with hot xylene; the plates deposited from the cold solution melted 
at 320° and did not depress the m. p. of authentic 4: 4’’-bisdiphenylyl (p-bisdiphenyl; 4: 4’- 
diphenylbiphenyl; Noyes and Ellis, Amer. Chem. J., 1895, 17, 620). 

4’-A cetyl-4-cyclohexyldiphenyl.—4-cycloHexyldiphenyl (2-5 g.) was dissolved in a mixture 
of acetyl chloride (3 g.) and carbon disulphide (10 c.c.), and anhydrous aluminium chloride (4 g.) 
added in small portions. The reaction was completed at 50° during } hour, the product 
decomposed with dilute hydrochloric acid, the ketone extracted in ethyl acetate, and the solvent 
evaporated. The product (3 g.) after two recrystallisations from alcohol—acetone gave trans- 
parent plates, m. p. 158°; yield, 1-75 g. or 60% (Found: C, 86-7; H, 7-8. C,,.H,,O requires 
C, 86-3; H, 7:9%). Crystallised from alcohol, the phenylhydrazone formed yellow plates, 
m. p. 172° (Found: N, 7-8. C,gH,,N, requires N, 7-6%), the semicarbazone, needles, m. p. 270° 
(Found: N, 12-6. C,,H,;ON, requires N, 12-5%), and the oxime, plates, m. p. 196° (Found : 
N, 4:9. C,,H,,ON requires N, 4:8%). 

4-cycloHexyldiphenyl-4’-carboxylic Acid.—(a) 4’-Acetyl-4-cyclohexyldiphenyl (0-5 g.) was 
refluxed during 36 hours with a dilute solution of sodium hypochlorite or hypobromite. The solid 
sodium salt floating at the surface of the liquid was separated and boiled with hydrochloric acid ; 
the organic acid obtained crystallised from alcohol in fine needles, m. p. 288° (Found: C, 81-75; 
H, 7-6. Cy gH,,O, requires C, 81-5; H, 7-1%). The methyl ester was prepared by refluxing 
a mixture of the acid, methy! alcohol, and phosphorus pentachloride for 2 hours; it was 
precipitated by water and crystallised from methyl alcohol; m. p. 152°. 

(b) 4’-Benzoyl-4-cyclohexyldiphenyl (see below) (0-5 g.) was added gradually to potash-lime 
(15 g.) in a nickel crucible, the temperature being kept at 300° during 14 hours. The cooled 
melt was finely ground and extracted with dilute hydrochloric acid; the residue on treatment 
with caustic alkali gave an insoluble sodium salt, which was therefore decomposed with hot 
hydrochloric acid. The dried precipitate was extraced with alcohol, from which needles were 
obtained, m. p. 288° alone or mixed with specimen (a). The methyl ester had m. p. 152°. 

Oxidation of 4’-Acetyl-4-cyclohexyldiphenyl to Diphenyl-4 : 4’-dicarboxylic Acid.—The ketone 
was stable to both acid and alkaline permanganate, even after 24 hours’ refluxing. It (0-35 g.) 
was dissolved in glacial acetic (15 c.c.), a solution of sodium dichromate (2-5 g.) in water (20 c.c.) 
added, and concentrated sulphuric acid (20 c.c.) run in with vigorous stirring. As oxidation 
did not set in at 80°, the mixture was boiled during 2 hours. It was then diluted and the 
precipitate was dissolved in sodium carbonate solution, reprecipitated with hydrochloric acid, 
and dried. The acid sublimed and decomposed above 300° [Found : equiv., from the silver salt, 
128. Calc. for C,,H,(CO,H),: equiv., 121). The methyl ester, prepared according to Weiler 
(Ber., 1899, 32, 1061, Anm.), melted at 214° (corr.) and did not depress the m. p. of an authentic 
specimen (Weiler, Joc. cit.). P 

4’-Benzoyl-4-cyclohexyldiphenyl.—4-cycloHexyldiphenyl (2-36 g.), dissolved in benzoyl 
chloride (2-5 g.) and carbon disulphide (15 c.c.), was treated with anhydrous aluminium chloride 
(2-5 g.) in small portions during 2 hours, the reaction being completed by warming during 
15 minutes on a water-bath. The product was decomposed with dilute hydrochloric acid and 
extracted with ethyl acetate; after distillation of the solvent there were left 4 g. of semi-solid 
matter, which gave colourless plates, m. p. 123°, from alcohol—acetone (2 : 3); yield, 2 g. or 60% 
(Found: C, 88-9; H, 6-75. C,,H,,O requires C, 88:25; H, 705%). The ketone formed an 
oxime, m. p. 188° (Found: N, 4-1. C,;H,,ON requires N, 3-9%), and a semicarbazone, m. p. 








— YO 


d 


t 


mMeive OP~—~— 0 


r] 


- Boma oO 








Researches on Phellandrenes. Part III. 1595 


240° (Found: N, 10-8. C,,H,,ON, requires N, 10-6%), both of which crystallised from alcohol 
in needles. 


The author thanks Professor F. S. Kipping, F.R.S., for his interest in this work, and also the 
Department of Scientific and Industrial Research for a grant. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, July 29th, 1936.] 





351. Researches on Phellandrenes. Part III. The Correlation of 
l-a-Phellandrene with 1-4-isoPropyl-A?-cyclohexen-1-one. 


By ALFRED S. GALLOWAY, JOHN DEWAR, and JOHN READ. 


EARLIER researches have dealt with the isolation and precise diagnosis of «-phellandrene 
(J., 1923, 123, 1657; 1924, 125, 930), with the establishment of a chemical and stereo- 
chemical connexion between /-a-phellandrene, /-piperitol and /-piperitone in Eucalyptus 
oils (J., 1930, 2770), and with a possible mechanism of formation of these substances in 
nature (J. Soc. Chem. Ind., 1929, 48, 786; 1935, 54, 312; Chem. Reviews, 1930, 7, 41). 

A second Eucalyptus ketone, /-4-isopropyl-A?-cyclohexen-l-one (I), isolated from the 
essential oil of E. cneorifolia by Cahn, Penfold, and Simonsen (J., 1931, 1366), also bears a 
striking structural likeness to «-phellandrene (III). It is now shown that this ketone, like 
l-piperitone, is related stereochemically to the /-form of «-phellandrene, into which it may 
be converted by dehydration of the tertiary alcohol, 1-A*-menthen-1-ol (II), which it yields 
in reaction with methylmagnesium iodide. Wallach (Annalen, 1905, 348, 30) reported 
the formation of a small amount of “‘ phellandrene,”’ and some tertiary alcohol, by applying 
this reagent to isopropylcyclohexenone derived from sabina ketone. The hydrocarbon 
had a slight dextrorotation and yielded a nitrosite, m. p. 113°, which was almost optically 
inactive : this result was therefore indeterminate (J., 1923, 123, 1657). Our specimen 
of phellandrene was strongly levorotatory, and readily yielded pure /-«-phellandrene 
a-nitrosite, m. p. 119°, with the characteristic high dextrorotation and pronounced muta- 
rotation. 


co C(OH)Me CMe CH-CHO 
H,C/ \CH H, (cH HCZ ‘cH H,C/” CH 
Hcl cH H.C. cH H.C. cH HC. JcH 
HPr* HPr8 HPr HPr’ 
(I.) (II.) (III.) (IV.) 


We found that /-4-isopropyl-A*-cyclohexen-l-one, which has not hitherto been obtained 
stereochemically pure, could not be purified by means of the semicarbazone, since it under- 
went partial racemisation during the process. The optically pure ketone, having [a]p 
— 119-3° (alcohol), was prepared by oxidising pure 1-4-isopropyl-A*-cyclohexen-l-ol. This 
substance was obtained by fractionally crystallising the mixed #-nitrobenzoates of the 
stereoisomeric. alcohols which resulted when the crude ketone was reduced by Ponndorf’s 
method. 

Wallach (Annalen, 1905, 348, 35) showed that 8-phellandrene may be oxidised by free 
oxygen to isopropylcyclohexenone and by potassium permanganate to the aldehyde (IV), 
which was afterwards found in certain Eucalyptus oils and named cryptal (Penfold, J., 
1922, 121, 266; Penfold and Simonsen, J., 1930, 403). It has been suggested (Penfold 
and Simonsen, Joc. cit., p. 405) that cryptal, and its associates phellandral and cumin- 
aldehyde, may arise biogenetically through the oxidation of «-phellandrene; also that 
4-isopropyl-A?-cyclohexen-l-one may be an oxidation product of the enolic form of cryptal 
(Cahn, Penfold, and Simonsen, J., 1931, 1367). The above work of Wallach lends support 
to the possibility that both ssopropyleyclohexenone (cf. Cahn, Penfold, and Simonsen, 
loc. cit.) and cryptal may derive naturally from a closely related precursor, 6-phellandrene. 
This alternative is of particular interest when correlated with observations (Cahn, Penfold, 
and Simonsen, loc. cit.; private communications from Dr. P. A. Berry and Prof. A. K. 
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Macbeth) indicating that in certain species of Eucalyptus the above aldehyde and ketone 
are produced somewhat capriciously : a variation of the conditions prevailing im vivo may 
thus be the cause of the appearance of /-cryptal or the alternative /-4-isopropyl-A*-cyclo- 
hexen-l-one, derived from a common precursor, $-phellandrene, in the same plant at 
different seasons of the year. 

EXPERIMENTAL. 

Crude 1-4-isoPropyl-A*-cyclohexen-1-one.—The crude oil used in this work was sent to us 
by Dr. P. A. Berry, of Messrs. A. M. Bickford and Sons, Ltd., Adelaide. It came from the last 
runnings of three large-scale fractional steam distillations of the essential oil of Eucalyptus 
cneorifolia (from material collected in Kangaroo Island during the months of March, April, and 
May). This liquid, forming 4% (vol.) of the original essential oil, was again fractionally steam 
distilled. The last runnings (23% vol., d}5: 0-9622, [«]?”’ —35-01°) were shaken with 5% sodium 
hydroxide solution to remove australol, and then washed with water. The resulting material 
was a mobile yellow oil, with nj** 1-4987, [«]}” — 35-0° (homogeneous), [«]?°” — 37-3° (c 2-0, alcohol) ; 
it was stated to be free from phellandrene and to contain 22-6% (wt.) of cineole, 40% of alde- 
hydes (including ketone), and also some cymene, terpenes, and sesquiterpenes. 

Fractional treatment with sodium bisulphite solution showed the presence in this oil of 
cuminaldehyde (semicarbazone, m. p. 210—211°; 2: 4-dinitrophenylhydrazone, m. p. 238°), 
l-phellandral, and /-4-isopropyl-A*-cyclohexen-l-one; but cryptal was not found. The crude 
ketone was isolated ‘(cf. Penfold, J., 1922, 121, 266) by shaking the oil (200 c.c.) for about 10 
hours at room temperature with a solution of sodium bisulphite (100 g.) in water (300 c.c.). 
The solid bisulphite compounds of /-phellandral and cuminaldehyde (83 g.) were removed. 
Successive treatment of the aqueous filtrate with sodium carbonate and sodium hydroxide 
yielded, respectively, a yellow oil (1-5 g., nj” 1-4912) which deposited crystals of terpin 
hydrate after 24 hours, and crude /-4-isopropyl-A‘-cyclohexen-l-one (43-5 g., nj” 1-4856). 
Fractional distillation of the latter yielded a colourless specimen (35 g.) of the purer ketone, 
b. p. 105—109°/14 mm., nj” 1-4852, a>” — 63-00° (/ 1, homogeneous), [«]}*" — 86-6° (c 2-1, 
alcohol) (Found: C, 77-5; H, 9-6. Calc.: C, 78:2; H, 10-1%). The specimen gradually 
became yellow, and after several months had aj’ — 51-25° (/ 1, homogeneous); when it was 
then heated for 30 minutes on the water-bath with 20% aqueous oxalic acid the value 
declined to ai® —48-9°. 

The semicarbazone, made by heating an aqueous alcoholic solution of the purified ketone 
(ai? — 63-00°) with semicarbazide acetate, when recrystallised from aqueous methyl alcohol 
had m. p. 185—186°, [«]) — 27-0° (¢ 2-0, chloroform). Two further recrystallisations from 
ethyl alcohol containing a little chloroform gave a product which was not appreciably affected 
by renewed crystallisation : m. p. 188°, [a]p — 20-6°. The ketone regenerated from this semi- 
carbazone by hydrolysis with hot 20% oxalic acid had nj~” 1-4900, a! — 16-4° (/ 1, homogeneous), 
[a}??" — 21-6° (c 2-0, alcohol). The ketone recovered by hydrolysing the material in the mother- 
liquors from the recrystallisation of the semicarbazone had [a]p — 18-4° (c 2-0, alcohol). The 
semicarbazone prepared from the above regenerated ketone, with al’ — 16-4°, had [a]) — 5-9° 
(c 2-0, chloroform). 

The 2 : 4-dinitrophenylhydrazone crystallised at once when a solution of the purified ketone 
(0-7 g.) in alcohol (20 c.c.) was added to a filtered solution of 2 : 4-dinitrophenylhydrazine (1 g.) 
in concentrated sulphuric acid (2 c.c.) and alcohol (15 c.c.). The crude product had m. p. 
118—120°. When recrystallised twice from alcohol it formed red flakes, m. p. 129—130°, 
and the deeply coloured solution in chloroform appeared to be weakly dextrorotatory (Found : 
C, 56-9; H, 5-6. C,,;H,,0,N, requires C, 56-6; H, 5:7%). 

The tarry residues from the fractional distillation of the above ketone contained crystalline 
material, which after treatment on porous plate and recrystallisation from ether-light petroleum 
had m. p. 145°, [a]p —105-3° (c¢ 2-0, alcohol): this substance, resulting probably from the 
oxidation of /-phellandral, appeared to be /-4-isopropyl-A'-cyclohexene-l-carboxylic acid 
(Found: C, 71-5; H, 91. Calc.: C, 71-4;*H, 9-5%) (Simonsen, ‘“‘ The Terpenes,’’ 1931, I, 
272). 

1-4-isoPropyl-A*®-cyclohexen-1-ol.—The above ketone (15 g.), having u}* 1-4852, [a]}* — 86-6° 
(c 2-1, alcohol), was reduced by the method of Ponndorf (Z. angew. Chem., 1926, 39, 138) with 
aluminium isopropoxide (6 g.) and dry isopropyl alcohol (50 c.c.), the slow constant-volume 
distillation being continued until acetone was no longer found in the distillate (5 hours). Dis- 
tillation of the solvent, followed by steam distillation and extraction with ether, gave a mobile 
oil (14-2 g.) with n# 1-4760. The fraction (12-4 g.) distilling at 98—103°/10 mm. had n}%" 1-4812, 





-— Ww e 





Researches on Phellandrenes. Pari III. 1597 


ap —49-9° (1 1, homogeneous). Treatment with 3 : 5-dinitrobenzoyl chloride in pyridine yielded 
a crude ester, which, after four recrystallisations from alcohol-ethy] acetate, gave 1-4-isopropyl- 
A®-cyclohexenyl 3 : 5-dinitrobenzoate, m. p. 115°, [a]p — 136-5° (c 1-3, chloroform) (Found : 
C, 57-6; H, 55. C,,H,,0,N, requires C, 57-5; H, 5-4%). The crude p-nitrobenzoate (11-7 g. 
from 8 g.), after the removal of impurities by acid and alkaline washing and steam distillation, 
was a brownish, waxy solid, m. p. 56—61°, [a]p — 33-5° (c 2-0, chloroform) ; five recrystallis- 
ations from methyl alcohol yielded pale yellow needles (4-2 g.), m. p. 84°, [a]p —168-5° (c 2-1, 
chloroform). Since these values were unaffected by further recrystallisation, the substance 
was regarded as pure 1-4-isopropyl-A*-cyclohexenyl p-nitrobenzoate (Found: C, 66-5; H, 6-3. 
C,,H,,0,N requires C, 66-4; H, 6-6%). The mother-liquors contained a much more soluble 
ester, which was not isolated : the above data indicate that this was dextrorotatory. 

The pure p-nitrobenzoate (4 g.) was boiled under reflux for 30 minutes with 5% methyl- 
alcoholic potassium hydroxide (23 c.c.). 1-4-isoPropyl-A*-cyclohexen-1-ol (1-5 g:), isolated by 
steam distillation, followed by extraction with ether, had a fragrant smell reminiscent of geraniol: 
b. p. 97°/8 mm., v3 1-4771, [a]p — 139-3° (c 2-3, alcohol) (Found: C, 77-0; H, 11-5. C,H,,O 
requires C, 77-1; H, 11-5%). 

Pure 1-4-isoPropyl-A?-cyclohexen-l-one.—When the above 1-4-isopropyl-A*-cyclohexen-1-ol 
(1-4 g.) was treated with a mixture of potassium dichromate (2 g.) and 15% sulphuric acid (12 g.) 
at 40°, a black addition compound was formed. This decomposed slowly when raised to 55°, 
yielding the ketone, which was extracted with ether. Distillation in a vacuum yielded a 
colourless liquid (1 g.) with the smell of the original ketone; it had b. p. 90°/9 mm., nj 1-4810, 
[a]p — 119-3° (c 2-0, alcohol). The semicarbazone crystallised from aqueous methyl alcohol 
in small prisms, m. p. 186°, [a]p — 23-5° (c 1-0, chloroform) (Found: C, 61-8; H, 8-7. Calc.: 
C, 61-6; H, 87%). The 2: 4-dinitrophenylhydrazone separated from methyl alcohol in red, 
feathery needles, m. p. 132°, with a dextrorotation in chloroform solution (Found: C, 57-0; 
H, 5-6. Calc.: C, 56-6; H, 5-7%). 

1-A?-Menthen-1-ol.—Impure /-4-isopropyl-A*-cyclohexen-l-one (15 g.), b. p. 105—109°/14 
mm., [«]}”” — 86-6° (c 2-1, alcohol), was dissolved in dry ether (20 c.c.) and added slowly to an 
ice-cooled solution of methylmagnesium iodide (prepared from 2-4 g. of magnesium, 100 c.c. of 
ether, and 14-2 g. of methyl iodide). After remaining overnight in the ice-chest, the mixture 
was boiled for 10 minutes; it was then poured into ice-water and steam distilled. The resulting 
ethereal solution was extracted twice with 30% aqueous sodium bisulphite. Distillation of the 
dried ethereal solution gave a yellow liquid (12-5 g., b. p. 84—88°/10 mm., 3” 1-4754); the 
specimen of 1-A*-menthen-1-ol obtained upon redistillation, as a colourless mobile liquid with a 
pleasant odour, had b. p. 92°/11 mm., nj’ 1-4758, ap — 52-8° (/ 1, homogeneous), [a]p) — 61-2° 
(c 2-2, alcohol). The alcohol did not react readily, and attempts to prepare a p-nitro- or a 
3 : 5-dinitro-benzoate were unavailing (Found: C, 78-1; H, 11-3, C, 9H,,O requires C, 77-9; 
H, 11-8%). 

The purer ketone described above (15 g.), having «jf — 51-3° (/ 1), when treated with three 
times the above quantity of the Grignard reagent and heated for 2} hours on the water-bath, 
yielded a small preliminary fraction (0-5 g., ni®° 1-4750), which gave the phellandrene nitrosite 
reaction, and a main fraction (10-6 g.), b. p. 110—115°/25 mm., nj® 1-474, al® — 45-8° (/ 1, 
homogeneous), which did not give the reaction. 

1-a-Phellandrene.—The above /-A?-menthenol (10-5 g.), having a}*° — 45-8°, was boiled under 
reflux for 2} hours with a solution of oxalic acid (30 g.) in water (60 c.c.). The steam-distilled 
product (6-9 g.) had b. p. 83—86°/32 mm., nj®* 1-4820, aj® — 53-7° (J 1, homogeneous), [a]p 
— 73-9° (c 2-0, alcohol). The crude nitrosite (0-8 g. from 6 g.; J., 1930, 2781) had m. p. 105— 
107°; after two recrystallisations from chloroform—methy] alcohol this yielded long fine needles, 
m. p. 119°, [«]p + 148-5° (c 1-0, chloroform, 13 mins.), declining to + 130-0° in 48 mins., and to 
— 45-8° in 115 hours (J., 1923, 123, 1665) (Found : C, 56-8; H, 7-6. Calc. : C, 56-6; H, 7-6%). 

l-x-Phellandrene, n}* 1-4783, «8 — 62-7° (/ 1, homogeneous), was heated with aqueous oxalic 
acid under the conditions noted in the above dehydration: the recovered material had n}* 
1-4800, aj?’ — 58-7°. 


We are indebted to Dr. P. A. Berry of Adelaide for the crude material used in this investig- 
ation, and to the Carnegie Trust for the Universities of Scotland for the award of a Fellowship 
(A. S. G.) and a Teaching Fellowship (J. D.) to two of us. 


THE UNIVERSITY, ST. ANDREWS. [Received, September 26th, 1936.]} 
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352. Piperitone. Part XIII. The Polymorphism of Benzyl- 
idene-dl-piperitone and some Analogues. — 


By JoHN Dewar, DoNALD R. MorRISON, and JOHN READ. 


BENZYLIDENE-dI-PIPERITONE, when first prepared in Sydney (J., 1921, 119, 779), was 
obtained as the a-form; but later preparations (J., 1922, 121, 574) furnished a $-form, 
and it was found difficult to reproduce the original «-form until the conditions had been 
carefully studied. Since this derivative is sometimes used in the recognition of piperitone, 
it is of practical as well as theoretical interest that numerous recent preparations made 
in St. Andrews have yielded exclusively a new y-benzylidene-dl-piperitone, the «- and 
the $-form having been unobtainable throughout the experiments. The «- and the 
8-form pass readily into the y-form by inoculation; but no transition of the y-form has 
yet been observed. Under ordinary conditions the y-form thus appears to be the most 
stable of the three forms now known. Some of the main characteristics of these forms 
are summarised below : 


a-Form ee 6-Form — y-Form 
(Sydney, 1921) very (Sydney, 1921) pale (St. Andrews, 1933) 
pale yellow, large, yellow, large, rhombic faintly yellow, small 
monoclinic prisms, prisms, m. p. 63—64°. needles, m. p. 69—70°. 
m. p. 59—61°. 


The reason for the failure to obtain the «- and $-forms in the later work is not apparent : 
it can scarcely be ascribed to differences of temperature prevailing during the crystal- 
lisations. It seems clear, however, that the fortuitous presence of a nucleus of the y-form 
‘is sufficient to suppress the production of the «- and @-forms : such nuclei may have been 
carried from one building to another in the two sets of St. Andrews experiments described 
below—for example, on the clothes of the operators—in spite of precautions. 

The striking nature of the polymorphism of benzylidene-dl-piperitone renders note- 
worthy the complete lack of dimorphism, according to present observations, on the part 
of similar condensation products of dl-piperitone with anisaldehyde, piperonal, salicyl- 
aldehyde, opianic acid (Earl and Read, J., 1926, 2072), p-dimethylaminobenzaldehyde 
and furfural (vide infra). Since it seemed possible that the occurrence of polymorphism 
might be conditioned in these instances by the repeated conjugation characteristic of such 
molecular structures (I), it appeared of interest to examine a series of analogous substances 
in which the conjugation was continued through a tervalent nitrogen atom (J., 1916, 109, 
1029) instead of a second ethylenic linkage. Suitable substances were found in amino- 
derivatives of methylenementhone (II) : 


(=CHAr 
S 
‘ es i eee 


ev R-CNHAr 
one: Ores 





(IIT.) 

(I.) (IL.) 
m-Nitroanilinomethylene-dl-menthone was readily obtained in a stable canary-yellow 
«-form, m. p. 161°, and a labile orange-red $-form, m. p. 110°. Similar forms were 
observed for p-nitroanilinomethylene-dl-menthone. The delicate nature of the relationships 
is indicated by the fact that no clearly defined dimorphism could be established for the 
corresponding derivatives of /-menthone. 

The examples of dimorphism observed for substances of the type (II) may be cor- 
related with the polymorphism of certain anilides (III), such as p-bromoacetanilide, 
observed by Chattaway and his collaborators (see, ¢.g., J., 1915, 107, 1766; 1916, 109, 
89). It seems likely that polymorphism obtains widely among compounds of such con- 
jugated types, and that failure to recognise the different forms is often due to the difficulty 
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of discovering the conditions requisite for their appearance and to the facility with which 
a labile form undergoes transformation into a more stable one. In many instances, as 
indeed with benzylidene-di-piperitone, such transformation may occur unobtrusively, 
owing to the lack of any obvious colour change: the latest work on this kaleidoscopic 
substance affords an outstanding example of the subtlety of these interesting phenomena. 


EXPERIMENTAL. 


Derivatives of Piperitone.—y-Benzylidene-dl-piperitone. 1-Piperitone, obtained from the 
essential oil of E. dives by fractional distillation under diminished pressure and having ap — 42° 
(/ 1), was condensed with freshly distilled benzaldehyde, precisely as described by Read and 
Smith (J., 1921, 119, 785; 1922, 121, 574). The crude product, after distillation under 
diminished pressure, melted at 66° (90% yield). When recrystallised from methyl alcohol at 
room temperature, the material yielded small, doubly terminated needles or prisms, which 
were not suitable for exact goniometric examination. The colour, a faint yellow, was paler 
than that of the «- or 8-form. The melting point, 69—70°, was unaffected by further recrystal- 
lisation. Solutions of the substance were optically inactive (Found: C, 84-9; H, 8-5. C,,H,, O 
requires C, 84-9; H, 8-4%). When oxidised by the method of Earl and Read (J., 1926, 2072), 
this substance, y-benzylidene-dl-piperitone (8 g.), yielded a-tsopropylglutaric acid, m. p. 94° 
(1-5 g.). dl-Piperitone, when treated similarly with benzaldehyde, yielded the same y-benzyl- 
idene-dl-piperitone, m. p. 69—-70°, and no other substance could be isolated from the product 
of the reaction. 

Similar results were obtained by repeating the preparations from /- and di-piperitone in 
the Department of Physiology, at St. Andrews, i.e., in another building, sterile materials and 
apparatus being used, and the product seeded with the a-form. In no way was it found 
possible to obtain either «- or 8-benzylidene-d/-piperitone in the course of repeated experiments 
carried out in the two laboratories concerned. 

When concentrated solutions in methyl or ethyl alcohol of «- or 8-benzylidene-d/-piperitone 
(prepared in Sydney, in 1921) were inoculated with the y-form, all the material separated in 
the y-form. A similar result attended the inoculation of solutions of the y-form with crystals 
of the a- or B-form. Moreover, molten y-benzylidene-d/-piperitone crystallised in the y-form 
when seeded with the a- or B-form. 

After being kept for some years, crystals of the «-form deepen in colour and become opaque ; 
the surface vitrifies, and small nodules of a vitreous material appear on the sides of the con- 
taining vessel. The §$-form, however, when preserved under similar conditions, remains 
unaltered; the crystals retain their transparency, and the facets their smoothness and lustre. 
A similar statement applies to the y-form. 

p-Dimethylaminobenzylidene-dl-piperitone. A solution of di-piperitone (10 g.) and #p-di- 
methylaminobenzaldehyde (9-8 g., 1 mol.) in absolute alcohol (20 c.c.) was mixed with a 
solution of sodium (0-4 g.) in absolute alcohol (20 c.c.) and kept for 4 days at room temper- 
ature. The product was poured into water and extracted with chloroform. The chloroform 
solution deposited long, flat prisms, m. p. 116—117°, with a deep orange colour and a pro- 
nounced lustre (Found: C, 80-1; H, 89. C,,H,,ON requires C, 80-5; H, 8:9%). The 
derivative was soluble in dilute mineral acids, forming pale yellow solutions, and was repre- 
cipitated upon basification. 

Furfurylidene-dl-piperitone, prepared in a similar way from furfural and d/-piperitone, was 
first obtained as a brown, crystalline powder. Treatment in alcoholic solution with norit, 
followed by crystallisation from aqueous alcohol, yielded long, orange-brown prisms, m. p. 66° 
(Found : C, 78-3; H, 8-0. C,,H,,O, requires C, 78-2; H, 7-9%). 

Neither of these derivatives afforded any indications of dimorphism when recrystallised 
from a selection of organic solvents under varied conditions. 

Derivatives of dl-Menthone.—Hydroxymethylene-dl-menthone. dl-Piperitone (40 g.) was 
reduced with sodium "(50 g.) in absolute alcohol (450 c.c.) to crude di-menthols (36 g.), which 
when oxidised according to Beckmann (Amnalen, 1889, 250, 325) gave crude di-menthone (J., 
1926, 2210; 1927, 1278; Chem. Reviews, 1930, 7, 20). This was converted by the method of 
Bishop, Claisen, and Sinclair (Annalen, 1894, 281, 394) into hydroxymethylene-dl-menthone, a 
limpid, yellow oil, b. p. 120—122°/14 mm. (Found: C, 72-1; H, 9-9. C,,H,,O, requires C, 
72-5; H, 10-0%). 

Anilinomethylene-dl-menthone. When aniline (0-9 g.), dissolved in 30% acetic acid, was 
mixed on the water-bath with a hot solution of hydroxymethylene-d/-menthone (1-8 g.), a 
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reddish-brown oil separated. After remaining overnight, the mixture was poured into water, 
and the oil was extracted with ether. When kept for a fortnight, the oil yielded crystalline 
material, which upon recrystallisation from methyl alcohol formed faintly yellow, glistening 
needles, m. p. 103° (Found: C, 79-0; H, 9-2. C,,H,,ON requires C, 79-3; H, 9-0%). The 
substance was not obtained in polymorphic forms, but it readily reverted to a thick syrupy 
liquid when separating from organic solvents. 

The derivatives described below were prepared similarly, except that sometimes the con- 
centration of the acetic acid was increased. Methylanilinomethylene-d/-menthone was isolated 
as a yellow oil which gradually became reddish-brown. o0-Nitroanilinomethylene-d/-menthone 
was a thick red oil. m-Nitroanilinomethylene-dl-menthone was readily obtained in theoretical 
yield as a dark red oil which changed to orange crystals, m. p. 118—121°, upon the addition 
of alcohol on the water-bath. Upon careful recrystallisation from hot absolute alcohol, the 
first separation obtained during slow cooling consisted of canary-yellow needles of the «-form, 
m. p. 161° (Found: C, 67-7; H, 7-2. C,,H,,O,N, requires C, 67-5; H, 7-3%); these were 
succeeded by a smaller quantity of orange-red prisms of the 6-form, m. p. 110° with pre- 
liminary softening (Found: C, 67-5; H, 7-1%). The a-form may readily be obtained pure by 
warming a mixed separation of the two kinds of crystals in the original mother-liquor: the 
8-form then dissolves, leaving the a-form. When recrystallised from alcohol, the «-form 
preserves its characteristics. The pure 8-form is best obtained by boiling a concentrated 
alcoholic solution of the substance in a flask, so as to free it from all nuclei. When the flask 
is closed with a wad of cotton-wool and left undisturbed, a separation of glistening orange-red 
needles usually ensues. Both forms, when melted and allowed to cool in a sterile tube, 
resolidify to the 8-form, which is the labile modification under ordinary conditions. 

p-Nitroantlinomethylene-dl-menthone separated originally, in theoretical yield, as an orange 
oil; when kept for a few hours, this changed into canary-yellow crystals, m. p. 120—132°. 
Recrystallisation from hot alcohol furnished canary-yellow clusters of minute soft needles of 
the «-form, m. p. 147° (Found: C, 67-5; H, 7-1%). The mother-liquors from such recrystal- 
lisations, when kept for several days at room temperature, deposited hard, orange-red prisms, 
which gradually assumed an irregular shape, with feather-like striations; this 8-form melted 
at 117° (Found: C, 67-6; H, 7-2%). A hot, sterile alcoholic solution of the a-form, upon 
cooling, deposited nothing except soft canary-yellow needles for 2 days, after which a smaller 
deposit of hard, orange-red prisms appeared. A hot solution of the $-form, when cooled 
slowly, deposited crystals of the same kind, but after 4 days small clusters of minute soft 
needles began to form on the large orange-red crystals. 

8-Naphthylaminomethylene-dl-menthone was obtained as a reddish syrup, which slowly crystal- 
lised in the course of a fortnight. It separated from light petroleum in long, fine needles, 
m. p. 58—61°, and was exceedingly soluble in organic solvents. No indications of dimorphism 
were observed in this case (Found: C, 81-8; H, 8-3. C,,H,,ON requires C, 82-0; H, 8-2%). 

Derivatives of 1-Menthone.—Hydroxymethylene-/-menthone, prepared (Annalen, 1894, 281, 
394) from /-menthone with «}® — 26-00° (/ 1), had b. p. 129—131°/17 mm., 116—117°/10 mm., 
ai’ + 16-89° (/ 1). -Nitroanilinomethylene-/-menthone was a thick, dark red oil, which 
would not crystallise. m-Nitroanilinomethylene-l-menthone separated from alcohol in clusters 
of glistening needles, m. p. 104° (Found: C, 67-4; H, 7:2%); the deep orange-red colour 
became somewhat deeper when the substance was kept for some days in diffused light. No 
clearly defined dimorphism could be established. The orange-red crystals were reproduced 
during recrystallisation from hot or cold alcoholic solutions under various conditions. In one 
instance, a crop of crystals was partly dissolved by warming in contact with the original 
mother-liquor, and the residue when collected and washed with a little ether gave bright orange 
needles which did not melt completely until reaching 110°. A specimen of the substance 
precipitated from alcoholic solution by the addition of water melted at 104°. This derivative, 
like the parent substance, although prepared ultimately from /-menthone, was dextrorotatory, 
with [a] + 65-7° (c 3-3, alcohol). No mutarotation was evident. 


We are indebted to the Carnegie Trust for the Universities of Scotland for a Teaching 
Fellowship (J. D.), and to the Department of Scientific and Industrial Research for a grant 
(D. R. M.). 


THE UNIVERSITY, ST. ANDREWS. [ Received, October 5th, 1936.] 
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353. <Aneurin. Part VI. A Synthesis of Thiochrome and 
Related Compounds.* 


By A. R. Topp, F. BErRGEL, H. L. FRAENKEL-CoNnRAT, and (Miss) A. JACoB. 


KUHN, WAGNER-JAUREGG, VAN KLAVEREN, and VETTER (Z. physiol. Chem., 1935, 234, 
196) isolated from yeast a yellow basic substance, C,,H,,ON,S, whose neutral or alkaline 
solutions were characterised by intense blue fluorescence; to it they gave the name 
thiochrome. The same substance was obtained by Barger, Bergel, and Todd (Nature, 
1935, 136, 259; Ber., 1935, 68, 2257) by oxidation of an alkaline solution of aneurin (I) 
with potassium ferricyanide. Thiochrome is also formed from aneurin by a number of 
other oxidising agents (Barger, Bergel, and Todd, Joc. c#f.; Kuhn and Vetter, Ber., 1935, 
68, 2384). Taking into account its mode of formation from the vitamin (I) and its pro- 
perties, the most probable structure for thiochrome appeared to be (II) (cf. Part V; this 
vol., p. 1560). Evidence for the accuracy of this view seemed most readily obtainable 
by synthetic methods. 





N S 
a) Me NH, HE“ G-CHyCH,OH = Meg hy ‘ye NG-CHyCHyOH 1) 
N /N—(Me Le wy 
CH, 6} OH 
N HAN, | HN 
: oat So— 
M aft: me 
NU _JCH,CI okies 
(IIL) > - CH,CH,-OH Me CH,CH,-OH 


(IVa.) (IVb.) 


It seemed possible that compounds similar to (II) might be synthesised by condensing 
4-chloro-5-chloromethylpyrimidines with 2-aminothiazoles; thiochrome itself would be 
synthesised in this way from 4-chloro-5-chloromethyl-2-methylpyrimidine (III) and 2-amino- 
4-methyl-5-8-hydroxyethylthiazole (IVa or IV). 

For the synthesis of (III) various methods seemed possible ; we adopt. * the following 
route, as the earlier intermediates were available in connection with other synthetic 
investigations. Condensation of acetamidine with ethyl formylsuccinate yielded ethyl 
4-hydroxy-2-methylpyrimidine-5-acetate (V), from which by Curtius degradation 4-hydroxy- 
5-aminomethyl-2-methylpyrimidine (VI) was obtained in good yield. Various methods 
of carrying out this degradation were tried, the most successful being direct conversion 
of the hydrazide into the urethane (cf. Jackson and Kenner, J., 1928, 1657) and subsequent 
hydrolysis with concentrated hydrobromic or hydrochloric acid; a description of other 
methods of degrading (V) is reserved for a later communication dealing with the synthesis 
of substances of the aneurin type. The amine (VI) was characterised as its hydrochloride, 
thioformyl and acetyl derivatives. Replacement of the amino-group by hydroxyl was 
effected by means of nitrous acid and the resulting 4-hydroxy-5-hydroxymethyl-2-methyl- 
pyrimidine (VII), on boiling with phosphory] chloride, yielded the required chloro-compound 
(III). 2-Amino-4-methyl-5-8-hydroxyethylthiazole was obtained by condensing methyl 
a-chloro-y-hydroxypropyl ketone (Part III; this vol., p. 1555) with thiourea and 
characterised as its picrate. 

When a mixture of (III) and (IV) was heated at 110° for a short time, reaction occurred 
with the formation of a thick resin, which was in the main soluble in water; the aqueous 
solution, when made alkaline, deposited a considerable amount of an insoluble substance, 
presumably formed by interaction of the chloromethyl group of the pyrimidine with the 


* A preliminary note on the results of this investigation has already been published (Nature, 1936, 
138, 406). 
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2-amino-group of the thiazole. The filtered alkaline solution had the intense blue fluores- 
cence characteristic of thiochrome solutions; from it was isolated a crystalline substance 
having all the properties of thiochrome prepared from aneurin. 


Xx N N 
M Me \OH Me/” NOH 
‘Ou CO,Et —> N JCHyNH, —> NU JcH,on —> (ID) 
(V.) (VI) (VIL) 
NN S N NH 
amy No” \cr M 1 \G-CHyCHyOH gx) 
N /N——CMe N /N——CMe 
Me CH, Chix 


The identity of the synthetic material was established by careful comparison with a 
specimen of thiochrome prepared from the vitamin; both had the same m. p., the mixed 
m. p. showed no depression, and no divergences in other properties could be detected. 
The synthesis proves that thiochrome * has the structure (II) and may also be regarded 
as a proof of the structure of aneurin (I), a synthesis of which has recently been reported 
by Williams and Cline (J. Amer. Chem. Soc., 1936, 58, 1504). 

In a similar fashion 9-chloro-3 : 7-dimethylthiochromine (VIII; R = H) and 9-chloro- 
3 : 7-dimethyl-2-8-hydroxyethylthiochromine (VIII; R= CH,°CH,°OH) were prepared 
by condensation of 2: 4-dichloro-5-chloromethyl-6-methylpyrimidine with 2-amino-4- 
methylthiazole and 2-amino-4-methyl-5-8-hydroxyethylthiazole respectively; both these 
compounds are similar in properties to thiochrome and exhibit almost identical blue 
fluorescence in neutral or alkaline solution. 

That salts of thiochrome on electrometric titration behave as if they contained a 
quaternary nitrogen atom has been recorded by Ogston and Peters (Biochem. J., 1936, 
30, 736), although thiochrome itself has the properties of a tertiary base (Barger, Bergel, 
and Todd, Joc. cit.). A probable explanation for this anomaly is that thiochrome may be 
in reality an anhydro-base, and that its salts may have structure (IX), it being assumed 
that the quaternary ‘base liberated from such salts is very unstable and passes into the 
anhydro-form by loss of water. 

Although the synthetic method described leaves no doubt as to the structure of the 
final product, it is impossible to state whether the 2-amino-thiazole (IVa) reacts as such 
or in the tautomeric 2-imino-thiazoline form (IVb). Owing to the number of side reactions 
the yield of thiochrome in the final condensation is rather unsatisfactory; experiments 
designed to obtain a more efficient synthetic method are in progress. 


EXPERIMENTAL. 


Ethyl 4-Hydroxy-2-methylpyrimidine-5-acetate (V).—To acetamidine hydrochloride (94-5 g.), 
dissolved in a cold solution of sodium (23 g.) in absolute alcohol (600 c.c.), was added freshly 
distilled ethyl formylsuccinate (202 g.) (Wislicenus, Annalen, 1908, 363, 347). After standing 
for 2 hours at room temperature, the mixture was heated under reflux for a further 2 hours. 
Ethyl acetate (ca. 250 c.c.) was added, and the mixture again heated to boiling, filtered from 
sodium chloride, and allowed to cool. The product separated in fine colourless needles, m. p. 
178° after recrystallisation from ethyl acetate or alcohol (Found: C, 55:4; H, 6-1; N, 14-9. 
C,H,,0,N, requires C, 55:1; H, 6-1; N, 143%). ‘Yield, 54%. 

4-Hydroxy-2-methylpyrimidine-5-acethydrazide.—When the above ester (100 g.) was heated 
with hydrazine hydrate (135 c.c. of 50%) on the water-bath for 2 hours, it dissolved and separ- 
ation of the Aydrazide occurred. This crystallised from alcohol, in which it was sparingly 
soluble, in heavy colourless prisms, m. p. 246° (Found: C, 46-5; H, 5-7; N, 30-7. C,H,O,N, 
requires C, 46-2; H, 5-5; N, 308%). Yield, 80—85%. The hydrazide may also be obtained 


* The name thiochromine is proposed for the condensed ring system present in thiochrome (II), 
which could be then described as 3 : 9-dimethyl-2-B-hydroxyethylthiochromine. 
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in approximately the same yield by heating the ester with 70% hydrazine hydrate solution 
for a short time, or by warming it for 5 hours in alcoholic solution with hydrazine hydrate. 

4-Hydroxy-5-urethanomethyl-2-methylpyrimidine.—The above hydrazide (20 g.) was sus- 
pended in absolute alcohol (300 c.c.) containing hydrogen chloride (6 g.), amyl nitrite (19-3 g.) 
added to the cold mixture, and the whole warmed at 50—60° until evolution of nitrogen ceased 
(about 1 hour). During the heating the hydrazide slowly dissolved and a jelly-like substance 
separated. After cooling, ether was added to precipitate the remainder of the product. The 
jelly obtained was filtered, and the residue dried in a desiccator; this product, the urethane 
hydrochloride, had m. p. 209° (yield, 98%). The urethane, prepared from the hydrochloride 
by treatment with alcoholic ammonia, crystallised from ethyl acetate in colourless needles, 
m. p. 173° (Found: C, 51:3; H, 62; N, 19-9. C,H,,0,;N, requires C, 51:2; H, 6-2; 
N, 19-9%). 

4-Hydroxy-5-aminomethyl-2-methylpyrimidine (V1).—The urethane hydrochloride (5 g.) 
was heated with concentrated hydrochloric acid (50 c.c.) in a sealed tube at 100° during 2 hours. 
The clear solution was evaporated to small bulk in a vacuum, and ether added; the hydro- 
chloride of the desired base separated in colourless plates. Recrystallised from absolute alcohol, 
it had m. p. 278—282° (Found: C, 41-6; H, 6-2; Cl, 20-9. C,H,ON;,HCI requires C, 41-0; 
H, 5-7; Cl, 20-2%) (yield, quantitative). Further purification could not be effected by 
crystallisation. The corresponding hydrobromide, m. p. 270°, can readily be prepared in 
quantitative yield by heating the urethane with hydrobromic acid (60%) on the water-bath 
for 3 hours. The free base could not be crystallised, but it yielded stable thioformyl] and acetyl 
derivatives. 

4-Hydroxy-5-thioformamidomethyl-2-methylpyrimidine. To a solution of the amine hydro- 
chloride in water were added potassium carbonate (1 equiv.) and excess of potassium dithio- 
formate. In a few minutes the thioformyl derivative separated; it crystallised from water in 
colourless platelets, m. p. 199—200° (Found: C, 45-7; H, 5-4; S, 17-4. C,H,ON;S requires 
C, 45-9; H, 49; S, 17-4%). 

4-Hydroxy-5-acetamidomethyl-2-methylpyrimidine. A mixture of the amine hydrochloride 
(350 mg.), fused sodium acetate (350 mg.), and acetic anhydride (5 c.c.) was heated under 
reflux for 30 minutes, the product evaporated to dryness in a vacuum, and the residue extracted 
with chloroform. The extract was filtered from inorganic material, and the chloroform removed ; 
the residue crystallised from dioxan in colourless prisms, m. p. 219—220° (Found: N, 23-0. 
C,H,,0O,N; requires N, 23-2%). 

4-Hydroxy-5-hydroxymethyl-2-methylpyrimidine (VII).—A concentrated aqueous solution 
of sodium nitrite (15 g.) was added drop by drop to the hydrochloride of the amine (VI) (5 g.) 
dissolved in dilute hydrochloric acid (ca. 60 c.c. of 5%), the mixture heated in an open flask 
on the water-bath for 7 hours, and the brownish alkaline solution continuously extracted with 
ethyl acetate (Soxhlet). The crude product, which separated from the ethyl acetate solution 
in reddish crusts, was collected and extracted with a large quantity of boiling dioxan, which 
left insoluble by-products (these have not been further examined, but explode when heated in 
the dry state). The dioxan solution on concentration deposited 4-hydroxy-5-hydroxymethyl- 
2-methylpyrimidine in colourless needles; a further small amount was obtained by precipitation 
of the ethyl acetate mother-liquor with light petroleum and treatment of the precipitate with 
dioxan as above described. After recrystallisation from dioxan the substance (1 g.) had m. p. 
215—216° (Found: N, 20-2. C,H,O,N, requires N, 20-0%). 

4-Chloro-5-chloromethyl-2-methylpyrimidine (III).—The above hydroxymethyl compound 
(i g.) was heated with phosphoryl chloride (4 c.c.) at 115—120° during 20 minutes; it slowly 
dissolved to a brownish solution. After removal of the phosphoryl chloride in a vacuum the 
thick residue was treated with ice-water, and the mixture made alkaline with potassium car- 
bonate and extracted four times with ether. After removal of the ether the residue set to a 
mass of crystals. Recrystallised from a small quantity of light petroleum (b. p. 40—60°), 
the product formed long prisms (0-65 g.), m. p. 54° (Found: Cl, 39-7. C,H,N,Cl, requires 
Cl, 40-1%). 

2-A mino-4-methyl-5-8-hydroxyethylthiazole (I1V).—A mixture of methyl «-chloro-y-hydroxy- 
propyl ketone (3 g.) and powdered thiourea (1-7 g.) was heated to 100°; within a few minutes 
a violent reaction occurred which quickly subsided. After a further 5 minutes the mixture 
was cooled, dissolved in water, and any unchanged halogenated ketone removed by extraction 
with ether. From the aqueous solution, made strongly alkaline, the thiazole base was extracted 
with a large amount of ether. The extract, dried over sodium sulphate and evaporated, left 
a residue, which distilled as a pale yellow oil (2-5 g.) at 172—175°/2mm. After several weeks 
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the oil set to a hard crystalline mass, m. p. 85—90°. The base was not further purified; treat- 
ment with ethereal picric acid yielded a picrate crystallising from alcohol in pale yellow needles, 
m. p. 213° (Found: N, 17-5; S, 7-8. C,,H,,;0,N,S requires N, 18-1; S, 8-2%). 

Thiochrome (II).—A mixture of 4-chloro-5-chloromethyl-2-methylpyrimidine (III) (580 mg.) 
and 2-amino-4-methyl-5-8-hydroxyethylthiazole (IV) (470 mg.) was heated to 110°, the initially 
clear liquid becoming opaque and viscous after some 15 minutes. The brown melt was cooled, 
extracted with ether to remove any unchanged initial material, and dissolved in water (ca. 
15 c.c.), and the solution made alkaline with cold aqueous sodium hydroxide. After filtering 
from a cream-coloured amorphous precipitate, the yellowish solution, which showed strong 
blue fluorescence, was extracted with butyl alcohol until the extracts were no longer fluorescent. 
The combined butyl alcohol extracts were shaken three times with dilute hydrochloric acid 
(1%), the fluorescence disappearing. The greenish-yellow aqueous acid extracts were combined 
and evaporated to dryness in a vacuum at 30—40°, and the residue made strongly alkaline by 
addition of a small amount of 12% methyl-alcoholic potassium hydroxide. The mixture was 
shaken three times with chloroform (total vol. 750 c.c.), a few drops of water being added to 
bring inorganic matter into solution and facilitate separation. The intensely blue fluorescent 
chloroform extracts were combined, dried rapidly over potassium carbonate, and evaporated 
to small bulk (ca. 8 c.c.) ina vacuum. On cooling, thiochrome separated in pale yellow flakes. 
Recrystallised from chloroform, it had m. p. 225—226° (uncorr.) (Found: C, 55-3; H, 5:7; 
N, 21-0. Calc. for C,,H,,ON,S: C, 54-9; H, 5-3; N, 21-4%). 

Comparison of Synthetic Thiochrome and Thiochrome from Aneurin.—Both substances had 
the same m. p. 225—226° (uncorr.) and a mixed m. p. showed no depression. The crystalline 
form in both cases was identical and no divergence could be detected in their fluorescent pro- 
perties. For further evidence of identity we are indebted to Dr. A. E. Gillam of Manchester 
University, who kindly compared the absorption of the two substances. Natural and synthetic 
thiochrome showed virtually identical absorption maxima at 3680 and 3690 A. respectively. 
The spectroscopic evidence therefore indicates that the two substances are qualitatively and, 
in so far as could be ascertained with the available material, quantitatively identical. 

2 : 4-Dichloro-5-chloromethyl-6-methylpyrimidine.*—2 : 6 - Dihydroxy - 5 - hydroxymethy] - 6 - 
methylpyrimidine (6 g.) (Kircher, Annalen, 1911, 385, 293), heated with phosphoryl chloride 
(15 c.c.) under reflux during 30—40 minutes, dissolved to give a deep brown solution. After 
removal of the excess of phosphoryl chloride in a vacuum the thick residue was triturated with 
ice-water, made alkaline with potassium carbonate, and extracted with ether. The extract 
on evaporation left a brownish resin, which was dissolved as far as possible in light petroleum 
(b. p. 40—60°) and filtered from amorphous impurities, and the filtrate again evaporated. 
The residue crystallised from a small volume of light petroleum in heavy colourless prisms 
(3 g.), m. p. 38—39° (Found : Cl, 50-4. C,H,N,Cl, requires Cl, 50-4%). 

9-Chloro-3 : 7-dimethylthiochromine (VIII; R = H).—A mixture of the above trichloro- 
compound (1-3 g.) and 2-amino-4-methylthiazole (0-7 g.) (Traumann, Annalen, 1888, 249, 38) 
was heated at 110° for ca. 15 minutes, the initially clear liquid becoming brown and viscous. 
After removal of any unchanged initial material by means of ether, the product was dissolved 
in a little water, made strongly alkaline, and filtered from .a cream-coloured amorphous pre- 
cipitate. The yellowish, blue-fluorescent filtrate was extracted with butyl alcohol, and the 
fluorescent substance isolated by a process exactly analogous to that described above for 
thiochrome. Recrystallised from chloroform, the product formed pale yellow, woolly needles, 
m. p. 291—292° (decomp.) (Found: C, 47-3; H, 3-8; N, 22-1; S, 12-5; Cl, 14:1. C,j,H,N,CIS 
requires C, 47-5; H, 3-6; N, 22-2; S, 12-6; Cl, 14:1%). The compound is soluble in water 
and alcohol, sparingly so in chloroform, and practically insoluble in ether and acetone. In 
neutral or alkaline solution it has an intense blue fluorescence similar to but slightly stronger 
than that of thiochrome ; as with the latter substance, addition of acid causes the blue fluorescence 
to disappear, the acid solution being greenish-yellow. 

9-Chloro-3 : 7-dimethyl-2-B-hydroxyethylthioghromine (VIII; R = CH,°CH,°OH).—2: 4-Di- 
chloro-5-chloromethyl-6-methylpyrimidine (1 g.) and 2-amino-4-methyl-5-§-hydroxyethyl- 
thiazole (650 mg.) were heated together at 110° during 15 minutes and the brown resin produced 
was worked up exactly as described above for thiochrome. The product crystallised from 
chloroform in pale yellow platelets, m. p. 260—261° (decomp.) (Found : S, 10-4. C,,H,,ON,CIS 
requires S, 10-8%). The substance was closely similar to thiochrome in its solubilities, and the 
blue fluorescence of its neutral or alkaline solutions was very similar to that shown by the latter 


* This compound was first obtained by Dr. R. Keller in the course of other work. 
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compound under the same conditions; addition of acid caused disappearance of the blue 
fluorescence and formation of a greenish-yellow solution. 
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354. Addition of Hydrogen Chloride and Iodide to 
Olefins. Undecenoic Acid. 


By E. P. ABRAHAM and J. C. SMITH. 


BROUWER and WIBAUT (Rec. trav. chim., 1934, 53, 1001) investigated the reaction between 
hydrogen chloride and propylene from 15° to 140° in presence and in absence of oxygen : 
the product was 2-chloropropane and the 1-chloro-compound was not detected. In the 
gas phase there was no combination unless catalysts were added. Kharasch and Hannum 
(J. Amer. Chem. Soc., 1934, 56, 712) found that in the absence of such catalysts as ferric 
chloride no appreciable reaction occurred between hydrogen chloride and vinyl chloride ; 
in the presence of ferric chloride ethylidene dichloride was the sole product. These results 
are in accordance with the Markownikoff rules (Annalen, 1879, 153, 1870). It seemed 
desirable to make a further attempt to bring about a “ peroxide catalysed ”’ reaction 
(Kharasch and Mayo, J. Amer. Chem. Soc., 1933, 55, 2468) with hydrogen chloride. 

When hydrogen chloride was allowed to act for several weeks on undecenoic acid in 
benzene solution, sufficient change occurred to enable an analysis of the products to be 
made. The reactions were carried out with and without catalysts, in the presence and 
the absence of oxygen; in every case 10-chloroundecoic acid was the main product. Much 
smaller amounts of the oxidants used in these experiments (or even air with the benzene 
solutions) would have brought about the “‘ peroxide catalysed ”’ reaction between hydrogen 
bromide and undecenoic acid. Ferric chloride greatly speeded the reaction, allowing good 
yields of 10-chloroundecoic acid to be obtained. 

Kharasch and Hannum (bid., 1934, 56, 1782) found that, in additions of hydrogen 
iodide to terminal double bonds, only the “‘ normal”’ orientation occurred; no terminal 
addition of the iodine was detected. Although peroxides were reduced even at — 40° 
by hydrogen iodide, these authors found that peroxides caused a great acceleration of the 
rate of addition of hydrogen iodide to allyl bromide. 

It was of interest to try the reaction between hydrogen iodide and undecenoic acid in 
the presence of 10: 1l-epoxyundecoic acid. This substance, which had proved a very 
powerful catalyst for the abnormal (“‘ peroxide catalysed’) reaction between hydrogen 
bromide and undecenoic acid, should not be reduced by hydrogen iodide. In all the 
experiments, however, 10-iodoundecoic acid was the only product isolated and the easily 
detectable 11-iodo-acid must have been present in small quantity, if at all. 

Hydrogen bromide thus differs from hydrogen chloride and iodide in that its reactions 
with olefins containing a terminal double bond may be accelerated and the orientation 
reversed in the presence of catalysts (usually “‘ oxidants ’’). 


EXPERIMENTAL. 


11-Chloroundecoic Acid.—11-Hydroxyundecoic acid (m. p. 68°, 7 g.) was added in small 
portions to phosphorus pentachloride (16 g., 2-2 mols.), the mixture being well shaken and 
finally warmed at 40° for 10 minutes. After addition of ice-water the chloro-acid was isolated 
by ether extraction and distillation (b. p. 148°/0-3 mm., m. p. 37—38°). By crystallisation from 
light petroleum it was obtained as plates, m. p. 40-5° (Found: C, 59-8; H, 9-3. C,,H,,0,Cl 
requires C, 59-9; H, 9-5%). 

10-Chloroundecoic Acid.—10-Hydroxyundecoic acid and phosphorus pentachloride as 
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described above yielded the chloro-acid, b. p. 147°/0-2 mm., m. p. 29°. After several crystallis- 
ations from light petroleum the acid (plates) melted at 32—33° (Found: C, 59-9; H, 9-6. 
C,,H,,0,Cl requires C, 59-9; H, 9-5%). 

Mixtures of 10- and 11-Chloroundecoic Acids.—Sufficient points were determined on the 
system to show that it was of the eutectic type. The m. p.’s were taken in narrow tubes with 
slow heating. 


10-Chloro-acid, mols. % ...... 100 97 92 85 78 71 50 39-7 0-0 
BE. Di ccasesdsossnvicwesecwenciinses 31-9° 31-3° 30-0° 28-6° 26-7° 250° 23-4° 282° 40-0° 


Separation by Crystallisation.—A mixture of the chloro-acids (71% of 10-chloro), m. p. 25°, 
twice crystallised from light petroleum, had m. p. 31°, and again crystallised had m. p. 32°. 
A mixture (m. p. 28°) containing 60% of the 11-chloro-acid was twice crystallised from light 
petroleum and then melted at 35—37°. These experiments showed that the main constituent 
of each mixture was easily isolated. 

Addition of Hydrogen Chloride.—(i) In presence of ferric chloride. Undecenoic acid (m. p. 
23°, 10 g.) and anhydrous ferric chloride (0-3 g.) were added to pure benzene (60 c.c.), and dry 
hydrogen chloride passed slowly for 3 hours on each of 8 days. As the mixture still reduced 
potassium permanganate solution, the flask was sealed for 1 month; the product was then 
found to be almost saturated. Hydrogen chloride was passed, and the flask again left for 1 
month. The mixture was then filtered, shaken with water, dried, and evaporated. The residue 
(b. p. 130—160°/0-3 mm., m. p. 14—18°) was allowed to. stand, and the viscous liquid drained 
away (B). Fractional distillation of the solid portion (A) gave 0-5 c.c., b. p. 115—140°/0-2 mm. 
(unsaturated), and 5c.c., b. p. 138—143° (slightly unsaturated), m. p. 26°. The second fraction 
(m. p. 26°), twice crystallised from light petroleum at — 15°, gave plates, m. p. 32—32-5° alone 
or when mixed with synthetic 10-chloroundecoic acid, m. p. 32—33° (Found: M, 220. Calc., 
220-5). The viscous liquid (B) yielded 2 c.c. of chloro-acid (which crystallised from ligroin in 
plates, m. p. 30°, raised by admixture with the 10-chloro-acid), and a high-boiling residue. 
When 11-chloroundecoic acid was added to the crude or the purified products above there was 
a large depression of m. p. 

(ii) In presence of diphenylamine (‘‘ anti-oxidant’’). Undecenoic acid (40 g., m. p. 24-0°) and 
diphenylamine (2 g.) were dissolved in benzene (300 c.c.), the air displaced by hydrogen, hydrogen 
chloride passed, and the bottle sealed; this procedure was repeated three times in 4 months. 
The product on fractional distillation gave (a) undecenoic acid, b. p. 117—120°/0-1 mm., 
(b) 6-5 g., b.p. 120—130°, m. p. 19°, (c) 5-5 g., b. p. 130—140°, m. p. 18-5°. Redistillation of 
(b) and (c) gave 3 g., b. p. 130—136°/0-1 mm., m. p. 26° (slightly unsaturated), from which the 
10-chloro-acid, m. p. 32°, was obtained. 

(iii) Im presence of ‘‘ oxidants.’”’ Undecenoic acid (30 g., m. p. 21-5°, containing peroxidic 
impurity) was dissolved in benzene (300 c.c.), and hydrogen chloride and oxygen added at 
intervals during 2} months. The product was 1 g. of the 10-chloro-acid, m. p. 26°, which 
yielded crystals, m. p. 32°, on recrystallisation. 

(iv) Similar to (iii) but with addition of benzoyl peroxide (1-5 g.). The yield was about 
1 g., m. p. 25—27°, and 30° after recrystallisation. Admixture with the 11-chloro-acid depressed 
the m. p. to 19°. 

(v) Similar to (iii) but with addition of perbenzoic acid (1 g.). The yield was 1-5 g. of crude 
10-chloro-acid, m. p. 25—26°. 

Experiments were also made at 80° in presence of anhydrous calcium chloride, but addition 
of hydrogen chloride was still extremely slow. 

10-Iodoundecoic Acid.—Pure 10-bromoundecoic acid, m. p. 35-7° (capillary tube, 36-5°; 
Harris and Smith, J., 1935, 1109), was necessary for this preparation. The bromo-acid (4 g.) 
was refluxed in acetone (50 c.c.) containing sodium iodide (7-5 g.) for 6 hours, and the solvent 
removed in a vacuum. Hexane was added, and the resulting solution washed with water, 
dilute sulphurous acid, and water, and dried. Evaporation of the solvent left a colourless 
product (m. p. 20°) and repeated crystallisation from hexane raised the m. p. to 22-0—22-5° 
(capillary tube 22—23°) (Found: I, 40-6. C,,H,,O0,I requires I, 40-7%). 

Mixtures of 10- and 11-lodoundecoic Acids.—The curve shows that mixtures containing more 
than 14% of 11-iodoundecoic acid have a higher m. p. than that of the pure 10-iodo-acid. 


10-Iodo-acid, mols. % ......... 100 97 92 89 84 80 
Te De cenesccccnscccseccssessncvacse 22-0° 21-2° 20-2° 18-7° 25-5° 30-4° 


11-Iodoundecoic acid melts at 66° (Ashton and Smith, J., 1934, 1309). 
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Addition of Hydrogen Iodide.—(i) Hydrogen iodide containing air was passed into a solution 
of undecenoic acid (5 g., m. p. 23°, containing catalytic impurity) in benzene (50 c.c.). When 
the solution appeared saturated with the gas, the flask was sealed and left overnight. After 
removal of the solvent the product (free from iodide) melted at 18° (Found: M, 306. Calc., 
312). 
(ii) Pure undecenoic acid, m. p. 24-6°, and hydrogen iodide in hexane in presence of air 
gave a product, m. p. 20—21° (Found: M, 308). Crystallisation from hexane raised the m. p. 
to 22—23° (capillary tube). 

(iii) Hydrogen iodide was passed into a solution of undecenoic acid (5 g., m. p. 23°) and 
10 : 1l-epoxyundecoic acid (0-25 g., 5 mols. %) (J., 1935, 1575) in purified light petroleum 
(100 c.c.). The product had m. p. 17—18° (Found: M, 305). 
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355. The Condensation of Picryl Chloride with 4-Methylthiazole 
and Benzthiazole. 


By (Miss) M. L. ToMLInson. 


WHEN Williams and his co-workers (J. Amer. Chem. Soc., 1935, 57, 229, 536) expressed 
the opinion that vitamin B, was a quaternary thiazolium salt in which the thiazole was 
directly linked to the nucleus of an aminopyrimidine, it seemed of interest to discover 
whether such salts could be prepared by the condensation of a chloronitropyrimidine 
with a thiazole (see Zincke, Aunalen, 1903, 330, 361, for the condensation of chloro-2 : 4- 
dinitrobenzene with pyridine). It was therefore decided to investigate the reaction 
between thiazoles and chloronitrobenzenes in order to determine how readily this reaction 
occurred. Since this work was started, Todd, Bergel, and Karimullah (Ber., 1936, 69, 
217) have stated that negative results were obtained when attempts were made to condense 
halogenated benzenes or 5-halogenated pyrimidines with thiazoles. 

There was no indication of a reaction taking place between 4-methylthiazole and 
chloro-, bromo-, or iodo-2 : 4-dinitrobenzene under any of the conditions investigated and 
so attention was turned to picryl chloride where the halogen atom is further activated by 
the additional nitro-group. Here, in the absence of moisture, a yellow uncrystallisable 
mass was obtained, but when the reaction mixture had access to moisture from the air a 
product C,)H,O,N,S was slowly formed. This compound appears to be 2-hydroxy-3- 
picryl-4-methyl-2 : 3-dihydrothiazole (1). It is considered that the quaternary salt, which 
is probably the first product of the reaction, is unstable and that the chlorine passes into 
the 2-position, from which it is easily hydrolysed. The facile nature of this hydrolysis 
and the failure to isolate the chloro-compound itself are reminiscent of the behaviour of 
some dihydroindole derivatives (Plant and Tomlinson, J., 1931, 3324, and later papers). 
The substance (I) dissolves slowly in alkali to give a salt of (II). Acidification of the 


CH—S CH:-SH CHO 
(L.) I H-OH | (II) 
Me:N:Pic Me:N:Pic 
solution yields a transient red precipitate; this, which may be (II) itself, rapidly loses its 
colour and reverts to (I). 


an SH S 
[aon CHO NO, 
——<—"N*Pic oi 7 
N-Pic N: Xo 
(IIL.) (IV.) (v.) CHO’ ~? 


Benzthiazole condenses with picryl chloride under similar conditions to give 1-hydroxy- 
2-picryl-1 : 2-dihydrobenzthiazole (III), which undergoes similar changes with alkali, dis- 
solving to give a salt of (IV). The red compound (IV) changes spontaneously into a 
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mixture of (III) and 2 : 4-dinitro-5-formylphenthiazine (V). Treatment of (III) with hot 
alkali also yields (V). 2: 4-Dinitrophenthiazine was obtained in an analogous way by 
Kehrmann and Steinberg (Ber., 1912, 44, 3011) by the action of alkali on picrylamino- 
thiophenol. It has not been found possible to convert their compound into its formyl 
derivative nor yet to remove the formyl group from (V), but the two compounds are 
similar in appearance and properties. 

Aniline reacts with (I) and (III) with the formation of 2 : 4 : 6-trinitrodiphenylamine 
and the corresponding thiazole. There is no indication of the conversion of (I) or (III) 
into a thiazolium salt with anhydrous hydrogen chloride, a fact which must be due to 
the very large effect of the three nitro-groups in preventing the use of the unshared 
electrons of the nitrogen for salt formation. Evans and Smiles (J., 1935, 183) state that 
N-acetylthiols such as (VI) readily form salts with acids. The fact that neither (I) nor 


S 
9 eer Noy \CH-OH 
= CHO ~———NMe 
yee * (VIL.) (VIILI.) 


([11) forms an ether with alcohol is evidence for the non-existence of these compounds in 
the ammonium base form. Mills, Clark, and Aeschlimann (J., 1923, 123, 2353) have 
shown that the product formed by the action of alkali on benzthiazole methiodide is 
(VII) rather than (VIII), but here the evidence seems to point to (I) and (III) rather 
than (II) and (IV). The molecular weight of (III), determined by the elevation of the 
boiling point of ethylene dibromide, is 365 + 10, so there can be no possibility that 
oxidation to a disulphide has occurred; it is surprising, however, that (III) could not be 
oxidised to a disulphide in alkaline solution. 

Picryl chloride could not be condensed with 2 : 2’-bisformamidodiphenyl disulphide to 
give the NN’-dipicryl derivative, which should yield (III) or (IV) on reduction. This 
derivative also could not be prepared by the action of formic acid on 2 : 2’-bispicramido- 
diphenyl disulphide. When, however, picryl chloride and 2 : 2’-bisformamidodiphenyl 
disulphide were heated in the presence of copper powder, reduction occurred at the same 
time as condensation and a 50% yield of (III) was obtained. 


EXPERIMENTAL. 


2-Hydroxy-3-picryl-4-methyl-2 : 3-dihydrothiazole (I)—A mixture of 4-methylthiazole (1-9 g.) 
and picryl chloride (4-9 g.) was kept at 40° for several hours; the solid producé crystallised 
when rubbed with glacial acetic acid. After being freed from 4-methylthiazole picrate by 
washing with hot alcohol, it crystallised from xylene in fine yellow needles (1-5 g.), m. p. 181° 
(decomp.) (Found: C, 36-6; H, 2-3; N, 16-7; S, 9-6. C,,H,O,N,S requires C, 36-6; H, 2-4; 
N, 17-1; S, 98%). Dilution of the acetic acid mother-liquor with methyl alcohol caused the 
precipitation of a large quantity of 4-methylthiazole picrate together with a little of an orange 
substance (prisms from glacial acetic acid), m. p. 194° (decomp.), which gave the analytical 
figures required for a picrate of (I) (Found: C, 35:8; H, 2:0; N, 181; S, 6-0. 
C,>H,O,N,S,C,H,O,N, requires C, 35-8; H, 2-0; N, 18:2; S, 60%). On trituration with 
sodium hydroxide (3%) or sodium carbonate (10%) solution, (I) dissolved very slowly to give 
a deep reddish-brown solution, which became an intense crimson on acidification. A red 
precipitate then formed, but the colour disappeared fairly quickly and a colourless solution 
containing a precipitate of the initial material was obtained. When (I) (1 g.) was boiled with 
aniline (1 g.) in alcohol (20 c.c.) for $ hour, 2: 4: 6-trinitrodiphenylamine was formed. This 
separated almost quantitatively on cooling, dnd 4-methylthiazole was isolated (as its picrate) 
when the mother-liquor was acidified with hydrochloric acid and evaporated and the residue 
treated with picric acid. After the compound (I) had been kept in dry ethereal hydrogen 
chloride for some days, almost the whole of it was recovered unchanged; no crystalline product 
was obtained. 

1-Hydroxy-2-picryl-\ : 2-dihydrobenzthiazole (111).—Benzthiazole (1-4 g.) and picryl chloride 
(2:3 g.) were condensed in a manner similar to that described above. The product was tri- 
turated with glacial acetic acid, washed with hot alcohol and crystallised from xylene, forming 
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fine yellow needles (1-0 g.), m. p. 180° (decomp.) (Found: C, 43-1; H, 2-5; N, 15-2; S, 9-0. 
C,3H,O,N,S requires C, 42-9; H, 2:2; N, 15-4; S, 88%). A large quantity of benzthiazole 
picrate was also formed. When (III) was heated with 20% sodium carbonate solution at 100° for 
1 hour, a quantitative yield of 2 : 4-dinitro-5-formylphenthiazine (V) was obtained. This crystal- 
lised from xylene or glacial acetic acid in orange-brown prisms, m. p. 243° (decomp.) (Found : 
C, 49-3; H, 2-5; “N, 13-2. C,,H,O,;N,S requires C, 49-2; H, 2-2; N, 133%). It gave an 
intense violet colour with alkali in alcohol or acetone; the colour was destroyed by acids and 
restored by alkali. (V) was unchanged by boiling with concentrated hydrochloric acid for 
several hours. Nitrite ions could easily be detected in the solution when (V) was formed from 
(III). The substance (III) dissolved very slowly on trituration with dilute aqueous caustic 
soda or sodium carbonate to give a deep red solution. Careful acidification of this solution 
caused intensification of the colour and finally the formation of a scarlet precipitate, the colour 
of which faded in } hr; the precipitate was then found to be a mixture of (III) and (V). The 
solution gave a positive test for nitrite. When potassium ions were added to the red soda 
solution, a brownish-red crystalline precipitate of what appeared to be a potassium salt 
separated. It was only very sparingly soluble in water, when treated with acid it yielded the 
original substance (III), and when boiled in almost any solvent it readily formed (V) and a 
nitrite. The compound (III) was converted into benzthiazole and 2: 4: 6-trinitrodiphenyl- 
amine when treated with aniline as described above, and it was unaffected by ethereal hydrogen 
chloride. 

2: 2’-Bisformamidodiphenyl Disulphide.—2 : 2’-Diaminodiphenyl disulphide was warmed 
with an excess of formic acid (90%) on a water-bath for a few minutes. The diformyl com- 
pound, precipitated by water, crystallised from alcohol in colourless needles, m. p. 161° (Found : 
C, 55-4; H, 4-2. C,,H,,O,N,S, requires C, 55-3; H, 3-9%). 

2 : 2’-Bisformamidodiphenyl disulphide (1-5 g.), picryl chloride (2 g.), and copper powder 
(0-5 g.) were heated together at 100° for 1 hour. Extraction of the mass with hot xylene gave 
a 50% yield of (III), leaving a bluish powder containing copper. 

Benzthiazole from 2 : 2'-Bisformamidodiphenyl Disulphide.—The disulphide (1-0 g.) was dis- 
solved in alcohol and treated with crystalline sodium sulphide (1-0 g.), dissolved in a little 
water. The mixture was warmed, acidified, and treated with picric acid and benzthiazole 
picrate (2-5 g.) was obtained. 


The author thanks the Chemical Society for a grant. 
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356. The Nitration of Phenyl Selenocyanate. 
By FREDERICK CHALLENGER and D. Ivor JAMEs. 


IT was suggested by Challenger, Higginbottom, and Huntington (J., 1930, 26) that the 
0: p-ratio for the nitration of phenyl selenocyanate might be expected to be greater than 
that for phenyl thiocyanate (1 : 4), since rise in the atomic number of the halogens increases 
ortho-substitution (Lapworth and Robinson, Mem. Manchester Lit. Phil. Soc., 1927—8, 
72,49; Ann. Reports, 1928, 141). 

This has now been found to be the case. At — 10°, a mixture ef sulphuric acid (98%) 
and nitric acid (d 1-41) being used, after two hours the uncorrected 0: #-ratio for phenyl 
selenocyanate is 25:75. This was determined from the m. p. of the mixture and 
comparison with a fusion curve obtained with mixtures of synthetic o- and #-nitrophenyl 
selenocyanates. Under these conditions the nitration is exceedingly clean, and no 
dinitration could be detected by analysis, molecular-weight determination, or fractional 
crystallisation. Comparison of the m. p.’s of mixtures, prepared synthetically, containing 
o-, m-, and p-nitrophenyl selenocyanates in known proportions, with those of the nitration 
mixture to which weighed quantities of these selenocyanates had been added indicated the 
absence of any appreciable m-nitrophenyl selenocyanate in the nitration mixture. 

In no case at — 10° did the yields of mononitropheny] selenocyanates from the nitration 
of phenyl selenocyanate exceed 88%. The loss is due to oxidation of both the pheny] 
selenocyanate and the mononitro-compounds to the corresponding seleninic acids, RSeO,H. 
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The formation of these, which could not be prevented, was detected in the diluted spent 
acid by reduction with sulphur dioxide and separation of the precipitated mixture of 
diphenyl diselenide and dinitrodiphenyl diselenides by fractional crystallisation from 
alcohol. 

In only one case was a seleninic acid actually isolated, viz., the treatment of p-nitrophenyl 
selenocyanate (p. 1612) with sulphuric acid and nitric acid (d 1-485). The resulting p-nitro- 
benzeneseleninic acid was also obtained by Behaghel and Seibert (Ber., 1933, 66, 716) 
from the corresponding trihalide and water. One of us and Peters (J., 1928, 1364) observed 
similar oxidation of p-chloro-, p-bromo-, and #-thiocyano-pheny] selenocyanates and of p- 
tolyl selenocyanate. 

The uncorrected value (25 : 75) of the o : p-ratio for the nitration of phenyl selenocyanate 
requires some adjustment, as the resulting nitrophenyl selenocyanates undergo coincident 
oxidation to the corresponding nitrobenzeneseleninic acids at different rates. The velocity 
constant calculated for the oxidation of the o-compound at —10° is approximately ten 
times that for the p-derivative. Accurate correction of the 25:75 ratio is impossible 
owing to the variable factors which influence the oxidation process. A sufficient approxim- 
ation can, however, be obtained by determining the alteration in composition of the 
25: 75 mixture through contact with the mixed acids under, so far as possible, the same 
conditions as obtain in the nitration of phenyl selenocyanate. The necessary calculation 
can then be applied. Thus in Exp. 7, after two hours, 1 g. of the 25:75 mixture in 
sulphuric acid (98%, 5 c.c.) and nitric acid (d 1-41,8 c.c.), which formed a saturated solution, 
gave a 92-5°%, yield of a 21: 79 mixture. 0-0557 G. of the o- and 0-019 g. of the p-nitrophenyl 
selenocyanate had therefore been oxidised: the results in Exps. 6, 7, 8, and 15 are almost 
identical. As will be shown later, oxidation is limited to dissolved nitrophenyl seleno- 
cyanates. Consequently in a typical instance (Expt. 3, Table II) the calculated initial 
ratio becomes (2:2 x 0-25 + 0-056/0-925) : (2-2 x 0-75 + 0-019/0-925) = 27 : 73, which is 
probably as close an approximation as is practicable. The velocity constants, k,, for the 
oxidation of o-nitrophenyl selenocyanate to the corresponding seleninic acid, R-SeO,H 
(see p. 1613), from — 10° to + 10°, plotted against the corresponding temperatures, lie on 
a normal smooth curve, showing the absence of any marked secondary reactions. 

The nitration process being accompanied by oxidation, it was of interest to determine 
whether this was preceded by or associated with hydrolysis under the influence of the 
sulphuric acid in the nitration mixture. It was shown by Behaghel and Rollmann (Ber., 
1929, 62, 2696; see also J. pr. Chem., 1929, 123, 337) that the hydrolysis of selenocyano- 
acetic acid by acid or alkali follows the equation 2CO,H-CH,’SeCN + HOH = 
(CO,H-CH,Se), + HCN + HOCN and later (Ber., 1932, 65, 812) Behaghel and Seibert 
brought forward evidence to show that the hydrolysis of phenyl selenocyanate with 
alkali hydroxide takes a similar course, giving diselenide, cyanide, and cyanate. 
Although no diselenide was directly isolated in our experiments with a mixture of sulphuric 
and nitric acids and phenyl or the nitrophenyl selenocyanates, it appeared possible that 
this might have been formed first and undergone oxidation by the nitric acid to the seleninic 
acid. The effect of omitting the nitric acid was therefore studied. 

In separate experiments, carried out at ordinary laboratory temperature with sulphuric 
acid alone, after three hours, a small amount of decomposition of the o-nitrophenyl 
selenocyanate was observed. The resulting nitrobenzeneseleninic acid was detected as the 
dinitro-diselenide after reduction with sulphur dioxide. 

p-Nitrophenyl selenocyanate behaves differently. With sulphuric acid alone, no 
decomposition was detected at — 10°, but at 15° decomposition was extensive, producing 
a minimum yield of 50°% of pp’-dinitrodiphtenyl diselenide. The marked alteration in the 
ratio k,/kp observed at — 5° shows that even at this temperature secondary reactions, 
presumably diselenide formation, followed by oxidation, have already begun to occur. 
The mechanism of this decomposition is under investigation. 

It would therefore appear that, in the nitration experiments (I—8) and (13—15) with 
mixed acid at — 10°, diselenide formation by the sulphuric acid does not occur and the 
oxidation to seleninic acids is presumably direct. The oxidation of p-chloro- and p-bromo- 
phenyl selenocyanates to the corresponding seleninic acids by nitric acid can certainly 
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occur in the absence of sulphuric acid (Challenger and Peters, Joc. cit.). Substitution 
of nitric acid (d 1-485) for the corresponding quantity of nitric acid (d 1-41) produced with 
phenyl selenocyanate and its o- and p-nitro-derivatives the corresponding seleninic acids 
almost exclusively. Phenyl selenocyanate gave 2-9% of dinitro-compound. No evidence 
of dinitration was obtained for the mononitropheny] selenocyanates. 


EXPERIMENTAL. 


Thermal Diagram for the Analysis of the Nitrated Products.—The diagram was constructed 
from the observed m. p.’s of the following synthetic mixtures of pure p-nitrophenyl selenocyanate 
(m. p. 141-0° after ten recrystallisations from alcohol—acetone) and pure o-nitrophenyl seleno- 
cyanate (m. p. 144-0° after ten recrystallisations from alcohol—acetone) ; Challenger and Peters 
(J., 1928, 1369) give 143°; D.R.-P. 255,982 records 144—145°. 


TABLE I. 
G» % .. 915 80-1 69-4 63-1 55°25 48-0 39-1 33-5 28-45 16:66 10-13 
M. p. ... 137-4° 130-5° 124-2° 120-19 115-5° 110-5°* 118-4° 123-1° 126-2° 133-1° 138-5° 
* Eutectic. 


Nitrations of Phenyl Selenocyanate.—2 G. of phenyl selenocyanate (b. p. 127°/17 mm. after 
four fractionations) (Behaghel and Seibert, Ber., 1932, 65, 815) were nitrated at various 
temperatures by slow addition to a mixture of 5 c.c. of 98% sulphuric acid and 8 c.c. of nitric 
acid (d 1-41). After 15 minutes a solid separated and the mixture slowly became pasty. After 
2 hours the product was poured on ice, filtered, washed until the wash waters were neutral to 
litmus, dried, and weighed, and the m. p. determined. In Expt. 5A, the final dried product 
had a very faint odour of phenyl selenocyanate. This liquid compound, however, has a very 
intense odour, and minute traces only could have been present. After ultimate analysis, the 
product was treated with aqueous sodium bicarbonate, washed, and dried for 3 days in warm air. 
It was then odourless and was treated a second time with aqueous sodium bicarbonate (to remove 
any seleninic-acids which might conceivably have arisen by atmospheric oxidation), washed, 
and dried in a vacuum desiccator. The m. p. 128-2° (Table II) was unchanged, and the 
bicarbonate extracts, which were colourless, gave no precipitate after acidification and treatment 
with sulphur dioxide, indicating absence of seleninic acids. 


TABLE IT. 
M.p.of -,%, 
Expt. Temp. Yield, g. Yield, %. product. in mixture. Conditions. 
1 —5° 1-48 60-0 137-4° 91-5 Nitric. acid added to phehyl seleno- 
to —2° cyanate dissolved in sulphuric acid : 
2 —10 1-36 54-6 135-6 88-5 reaction difficult to control. 
to 0 
3 —10 2-20 88-2 128-4 75 Phenyl selenocyanate added to mixed 
acids. 
4 —10 2-06 83-0 128-3 75 o 
5 —10 4-41 88-4 128-3 75 io (double quantities) 
5A —1]2 4-40 88-3 128-2 75 ” ” ” 
to —15 


Fractional crystallisation from alcohol—acetone of the 75 : 25 nitration product showed no 
evidence of the presence of 2 : 4-dinitrophenyl selenocyanate, or of the very sparingly soluble 
and high-melting dinitrodiphenyl diselenides. Analysis and mol.-wt. determination confirmed 
this conclusion [Found : C, 37-0; H, 1-8; N, 12-2; M (camphor), 210. Calc. for C;,H,O,N,Se : 
C, 37-0; H, 1-8; N, 12-38%; M, 227]. The presence of diphenyl diselenide is also excluded by 
analysis: this would, moreover, almost certainly have been oxidised to benzeneseleninic acid 
during the nitration and removed in the spent acid. The absence of any appreciable meta- 
nitration was shown in the following way: It was found that small amounts of m-nitrophenyl 
selenocyanate could replace the o- or #-compound on the #- or o-side respectively of the o-p m. p. 
curve. Thus: 

(1) 0-0012 g. m + 0-0036 g. o + 0-0108 g. p (7-7 : 23-1 : 69-2), m. p. 124-5°. This point on 
the o-p constructed m. p. curve corresponds to a 30-6 : 69-4 mixture. 

(2) 0-0017 g. m + 0-022 g. o + 0-0034 g. p (6-3: 81-2: 12-5), m. p. 131-5°, corresponding 
to a 80-8 : 19-2 mixture on the o-p m. p. curve. ; , 
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Consequently, (1) various weights of the o-nitro-compound were added to the nitration 
mixture in order to form products lying on both sides of the o-p curve, and their m. p.’s were 
determined. In all cases they agreed with those deduced from the thermal diagram. Thus: 

(a) 0-0088 g. nitro-product + 0-0067 g. o-nitro-selenocyanate. Total % of o = 57-4; 
m. p. 115:3°; deduced from curve, 115-5°. 

(b) 0-0048 g. nitro-product + 0-0078 g. o-nitro-selenocyanate. Total % of o = 71-4; 
m. p. 125-8°; deduced from curve, 126-1°. 

(c) 0-0080 g. nitro-product + 0-0032 g. p-nitro-selenocyanace. Total % of o = 17:8; 
m. p. 132-1°; deduced from curve, 132-2°. 

(2) m-Nitrophenyl selenocyanate (m. p. 65-5°) was added to a synthetic rhixture of the 
o- and -compounds, the latter being present in the eutectic ratio (52 : 48) as indicated on the 
o-p curve; the m. p. of the resulting mixture was determined and compared with that of a 
mixture of m- together with a nitration mixture to which o- had been added in amount calculated 
to bring an assumed 25 : 75 o-p proportion to the eutectic ratio. Thus: 


(a) 0-0102 g. o + 0-0093 g. p + 0-0016 g. m (0: p: m = 48-3: 44-1: 7-6); m. p. 105-8°. 


eutectic ratio 
(b) 0-016 g. nitration mixture + 0-009 g. o + 0-002 g. m (0: p: m = ( ?)48-2: 44-4: 7-4); 
ees | 


m. p. 105-9°. 


The filtered diluted spent acids from experiments 1—5 were treated with sulphur dioxide. 
Crystallisation of the resulting precipitates from alcohol yielded diphenyl diselenide, m. p. 
62-5°, and small quantities of a less soluble mixture of nitrated diphenyl diselenides. These 
products arose from reduction of the corresponding seleninic acids. 

Nitration of Phenyl Selenocyanate and Simultaneous Oxidation.—Pheny]l selenocyanate (4-0 g.), 
when nitrated at — 10° with sulphuric acid (10 c.c.) and nitric acid (d 1-485; 12-1 c.c.), gave no 
mononitro-selenocyanate. The products consisted of 3-016 g. of p-nitrobenzeneseleninic acid 
(Behaghel and Seibert, Ber., 1933, 66, 716), m. p. 214° (decomp.) after crystallisation from 
boiling water (yield, 73%), and 0-142 g. of 2: 4-dinitrophenyl selenocyanate (separated by 
treatment of the crude product with sodium bicarbonate solution), which, after crystallisation 
from alcohol, melted at 168-3° and did not depress the m. p. (168-3°) of an authentic synthesised 
sample; yield, 2:9%. Fromm and Martin (Amnalen, 1913, 401, 181) give m. p. 163°. 

The seleninic acid was further identified by treating its boiling aqueous solution with sulphur 
dioxide and analysing the precipitated pp’-dinitrodiphenyl diselenide (Found: C, 36-0; H, 2-0; 
N, 7:2. Calc.: C, 35-8; H, 2-0; N, 7:0%). After crystallisation from glacial acetic acid, 
this dinitro-diselenide decrepitated at 137-5° and melted at 183°. Behaghel and Seibert (Ber., 
1933, 66, 713) give m. p. 177° for an unanalysed specimen. 

Benzenesulphinic acid and also p-nitro-, p-chloro-, and ~-bromo-benzeneseleninic acids give 
with a cold mixture of diphenylamine and sulphuric acid an intense blue colour resembling that 
produced by nitric acid. This property of seleninic acids does not appear to have been recorded, 
although it is well known that various oxidising agents, including selenates and chlorates, can 
replace nitric acid in this reaction. 

Further Treatment of the Nitration Products of Phenyl Selenocyanate (0: p = 25:75) with 
Mixed Acids.—1 G. of the 75 : 25 mixture of mononitrophenyl selenocyanates was treated with 
5 c.c. of sulphuric acid (98%) and 8 c.c. of nitric acid (d 1-41) for various times at different 
temperatures. The products were poured on ice, and the yields and compositions (Table III) 
determined as before. 


TABLE III. 
Time, Recovered p-, %, in Time, Recovered p-, %, in 
Expt. hrs. Temp. yield, %. M.p. product. Expt. hrs. Temp. yield, %. M.p. product. 
6 2 —10° 92-75 130-3° 79 11 2 5° 58-7 134-65° 86-4 
7 --- ~- 92-5 1303 79 ° 12 _ 10° 48-2 135-7 88-4 
s* _ 92-35 130-3 79 13 (05 —10 98-1 128-6 76 
9 — — 6 86-10 132-0 81-8 14 1-0 —_— 96-27 129-3 77 
10 -- 0 68-7 131-8 81-4 15 1-5 -— 94:38 129-8 78 


* After 6 weeks’ standing with the diluted nitration acid after pouring on ice. 


At — 10° the solubility of the 75 : 25 mixture in the above quantity of nitrating acid was 
approximately 1-0 g. 2-0 G. of this mixture were treated with the same quantity of acid at 
— 10° for 2 hours. The amount recovered was 1-924 g., m. p. 129-3° (77% p-), 7.¢., 0-019 g. 
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of p- and 0-057 g. of o- had disappeared. Since these are the same quantities as disappeared 
in the treatment of 1 g. of the mixture in Expt. 7, Table IV (0-019 g. and 0-056 g. respectively), 
it follows that the undissolved nitro-compounds had not been affected by the nitrating acid. 
(Neither were they affected by prolonged contact with diluted spent acid; Expt. 8 in Tabie 
III.) Oxidation is therefore limited to the homogeneous liquid phase, and, in view of the large 
excess of nitrating agent, velocity constants for the oxidation of p- and o-nitrophenyl seleno- 
cyanates, under the conditions above quoted, were calculated on the basis of a unimolecular 
equation, k = 1/t. log a/(a — x). Table IV shows the results obtained. 


TABLE IV. 
Time, Amount of p- (g.) Amount of o- (g.) 

Expt. hrs. Temp. at beginning. at end. ky. at beginning. at end. Ay Rolkp. 
6 2 — 10° 0-75 0-7326 0-0051 0-25 0-1947 0-054 10-6 
7 - — “ 0-731 00-0056 ~ 0-1943 0-055 9-8 
8 _ -— . 0-7295 0-006 2 00-1939 0-055 9-2 
9 ~ — 5 en 0-7033 0-014 ~ 0-1577 0-100 71 

10 —- 0 be 0-5593  0-0637 me 0-1277 0-146 2-3 
11 ~~ 5 a 0-5071 0-085 i. 00798 0-248 2-9 
12 - 10 - 0-4261 0-123 a 0:0559 0-325 2-6 
13 0-5 —10 ag 0-7457 0-0050 am 0-2355 0-051 10-2 
14 1-0 — on 0-7413 0-0051 pa 0-2214 0-053 10-3 
15 1-5 -- ‘ 0-7362 0-0054 pe 0-2076 0-053 9-9 


Treatment of Synthetic Nitrophenyl Selenocyanates with Sulphuric A cid and Nitric Acid (d.1-485).— 
p-Nitrophenyl selenocyanate. This compound (0-3 g.) was added to a mixture of sulphuric acid 
(98%, 5 c.c.) and nitric acid (d 1-485, 6 c.c.) at — 15°. After 2 hours the product was poured 
on 100 g. of ice, filtered, washed, and dried. The p-nitrobenzeneseleninic acid obtained, 0-215 g. 
(69-5% yield), had m. p. 214° (decomp.) after two crystallisations from boiling water. The 
acid filtrate, after passage of sulphur dioxide, gave 0-06 g. of pp’-dinitrodipheny] diselenide 
(yield, 22-0%), m. p. 183° after one crystallisation from acetic acid. Total recovery, 91-5%. 
The filtrate from the sulphur dioxide treatment was colourless and deposited no tetranitro- 
diphenyl diselenide, though this does not necessarily exclude the occurrence of some dinitration 
(see below). 

o-Nitrophenyl selenocyanate. The compound (0-5 g.), on similar treatment, gave no precipitate 
with ice owing to the solubility of the corresponding seleninic acid. Treatment of the diluted 
liquid with sulphur dioxide gave 0-436 g. of oo’-dinitrodiphenyl diselenide (yield, 98-4%), m. p. 
211°, which after one crystallisation from glacial acetic acid melted at 215° (Bauer, Ber., 1913, 
46, 95, gives 209°). No evidence of dinitration was obtained. 

2: 4-Dinitrophenyl selenocyanate. The dinitro-compound (0-5 g.) was treated as before. 
The dinitro-seleninic acid was completely soluble, and was only very slowly reduced to the 
corresponding diselenide, of which but 0-223 g. (yield, 47-5%) was obtained after 5 days’ 
standing: m. p. (crude material) 262° (decomp.). Fromm and Martin (loc. cit., p. 182) give 
m. p. 264°. 

Action of Sulphuric Acid on the Mononitrophenyl Selenocyanates.—0:3 G. of o-nitrophenyl 
selenocyanate was treated with 10 c.c. of sulphuric acid at — 10° for 3 hours, poured on 100 g. 
of ice, filtered, washed, and dried. The m. p. was 144°, and the yield, 0-297 g. (99%). The 
compound was therefore unchanged. The filtrate showed only traces of diselenide on treatment 
with sulphur dioxide. Recovery under similar conditions, but immediately after solution in the 
sulphuric acid, gave the same result. Under the same conditions the pure p-nitro-compound 
showed an exactly similar stability. The same experiment was then repeated with the o-nitro- 
derivative at laboratory temperature. Slight deepening in colour was observed but no 
effervescence, and no odour: yield, 0-275 g. (92%), m. p. 143-7°. The product was completely 
soluble in 10 c.c. of cold absolute alcohol (absence of diselenide). The acid filtrate on treatment 
with sulphur dioxide gave 0-006 g. of 00’-dinitrodiphenyl] diselenide (2% yield); m. p. of crude 
material 213°. 

Abnormal Behaviour of p-Nitrophenyl Selenocyanate-—The same experiment was repeated 
with 0-5 g. of the p-nitro-compound, the same quantity of sulphuric acid being used at laboratory 
temperature. The mixture developed a deep red colour in } hour, and effervescence occurred on 
occasional stirring. After 3 hours the mixture was poured on ice; yield of solid, 0-392 g., 
m. p. 166°. This was extracted with cold aqueous sodium bicarbonate and filtered. The 
filtrate, after addition of hydrochloric acid and standing for 3 days, deposited white needles, 
too small in amount either to weigh or to identify, which gave a strong orange colour with 
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alcoholic potassium hydroxide (possibly -nitrobenzeneselenenic acid, R*SeOH, as the 
corresponding p-seleninic acid gives no colour with alcoholic potassium hydroxide). The 
residue from the sodium bicarbonate treatment, after repeated extraction with cold alcohol— 
acetone, gave 0-221 g. of pp’-dinitrodiphenyl diselenide, m. p. 183° (50% yield). 

Behaviour of the 25 : 75 Mixture.—Nitrogen, free from carbon dioxide, was passed through 
4-0 g. of the 25 : 75 mixture in 50 c.c. of sulphuric acid at laboratory temperature for 6 hours, 
and was then bubbled through 50% aqueous potassium hydroxide. The issuing gas was passed 
over iodine pentoxide at 160° into aqueous potassium iodide to detect any carbon monoxide. 
The mixture developed a deep brownish-red colour in 5 minutes and the potassium hydroxide 
solution was found to contain much carbonate and sulphite. The diluted acid liquor contained 
ammonium sulphate and the precipitated solid yielded on extraction with alcohol—acetone 
pp’-dinitrodiphenyl] diselenide, a mixture of the o- and p-nitrophenyl selenocyanates remaining. 
Titration of the liberated iodine indicated a yield of carbon monoxide equal to 0-15% of the 
p-nitrophenyl selenocyanate in the original mixture. 


The authors thank the Chemical Society for a grant and Mr. T. H. Bott, M.Sc., for assistance 
in the preparation of material. 
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357. Chemotherapeutic Studies in the Acridine Series. Part II. 
2-Amino, 2: 5-, 2: '7-, and 2: 9-Diamino-acridines. 


By ADRIEN ALBERT and WILFRED H. LINNELL. 


In furtherance of the plan of preparing the isomeric diaminoacridines, sodium 2-chloro-4- 
nitrobenzoate (Albert and Linnell, J. Soc. Chem. Ind., 1936, 55, 54T) was condensed with 
the appropriate amine to give 5: 4’-dinitrodiphenylamine-2-carboxylic acid, 5 : 6'-dinitro- 
diphenylamine-2-carboxylic acid, and 5-nitrodiphenylamine-2-carboxylic acid (I), which, 
analogously with 5 : 5’-dinitrodiphenylamine-2-carboxylic acid (Part I, this vol., p. 89), 
lose carbon dioxide on gentle reduction to give 3: 4’-diaminodiphenylamine (bisacetyl 
derivative), 3 : 2’-diaminodiphenylamine (hydrochloride), and 3-aminodiphenylamine (m. p. 
75—76°) respectively. Sodium 2-chloro-4-nitrobenzoate and o-phenylenediamine similarly 
produced 5-nitro-6'-aminodiphenylamine-2-carboxylic acid (hydrochloride), which, however, 
did not lend itself to ring closure. 

The above-mentioned dinitrodiphenylaminecarboxylic acids, treated with phosphorus 
oxychloride, followed by hydrolysis, gave excellent yields of 2 : 7-dinitroacridone and 2 : 9- 
dinitroacridone respectively. 5-Nitrodiphenylamine-2-carboxylic acid reacted with phos- 
phorus oxychloride in a curious way; when the excess of chlorinating agent was extracted 
in the cold with light petroleum, 5-chloro-2-nitroacridine (II) resulted in good yield; but 
when it was removed by distillation from a glycerol bath, the nitro-group was largely 
replaced by chlorine, and up to 63% of 2 : 5-dichloroacridine (III) was produced. This 
unexpected reaction is reminiscent of the use of thionyl chloride (Meyer, Monatsh., 1915, 
36, 723) at 190° to convert nitrobenzene quantitatively into chlorobenzene. The complete 
separation of the 2: 5-dichloroacridine from the 5-chloro-2-nitroacridine could not be 
achieved by fractional crystallisation, and two molecular compounds, C,;H,NCI(NO,) + 
C,3;H,NCl, and C,,H,;NCI(NO,) + 2C,;H,NCl,, were obtained, which, on hydrolysis, gave 
a mixture of 2-nitroacridone and 2-chloroacridone. This mixture was reduced with stannous 
chloride and the 2-aminoacridone was extracted with dilute acid, leaving 2-chloroacridone, 
which on treatment with phosphorus oxychloride furnished 2 : 5-dichloroacridine (III), 
m. p. 168—169° (corr.) (Magidson, Ber., 1936, 69, 404). The 2-aminoacridone displayed the 
properties ascribed to it by Tanasescu (Bull. Soc. chim., 1934, 1, 556), who obtained it 
indirectly by the reduction of 2-nitro-5-hydroxy-10-oxoacridine. On treatment with 
sodium amalgam in aqueous sodium hydroxide it yielded 2-aminoacridine (characterised 
as the acetyl derivative) more conveniently and in better yield (54%, calculated on the 
2-nitroacridone) than did Scherlin’s method (Aumalen, 1935, 516, 218) in which 2-nitro- 
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acridone was reduced in absence of air to 2-aminodihydroacridine, which was acetylated, 
oxidised, and deacetylated (30%, yield). 
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Treatment of 2 : 5-dichloroacridine (III) with phenol and alcoholic ammonia yielded 
2-chloro-5-aminoacridine, which, like the parent 5-aminoacridine (Lehmstedt, private 
communication), is not readily diazotisable, apparently functioning as the tautomeric 
acridonimine. Under somewhat similar conditions, 5-chloro-2-nitroacridine (II) gave 
2 : 5-diaminoacridine. 

Graduated reduction of 2 : 7- and 2 : 9-dinitroacridones produced in turn 2 : 7-diamino- 
acridone, 2:'7-diaminoacridine, 2:9-diaminoacridone, and 2:9-diaminoacridine (IV). 
On testing Grandmougin’s assumption (Ber., 1913, 46, 3425) that the intense violet colour 
produced when 2 : 8-diaminoacridine is cautiously diazotised is due to tautomeric change 
from the orange orthoquinonoid salts (V) to a violet paraquinonoid series (VI), it was found, 
as would be expected, that 2 : 6-diaminoacridine does, and 2-amino-, 2-amino-8-acetamido-, 
3 : 7-diamino-, and 2 : 5-diamino-acridines (since the 5-group is not functional) do not give 
the violet coloration. The 2:7- and 2: 9-diaminoacridines do not produce the violet 
colour: this suggests that here the 2-amino-group is the first to be diazotised. 

The bactericidal properties of these aminoacridines will shortly be made known. 


EXPERIMENTAL. 


Dinitrodiphenylaminecarboxylic Acids.—Sodium 2-chloro-4-nitrobenzoate (4:5 g.), p-nitro- 
aiuline (4-2 g.; 1-5 mols.), and freshly precipitated copper (0-1 g.) were refluxed for an hour in 
aitrobenzene (20 ml.). After the product had been submitted to steam distillation, and the 
residue boiled with excess of aqueous sodium carbonate, the solution deposited a bright reddish- 
orange sodium salt, which, on treatment with hot 10% hydrochloric acid, gave (in 18% yield, 
this being the best obtainable by any modification) 5 : 4’-dinitrodiphenylamine-2-carboxylic acid ; 
this crystallised from alcohol in brilliant orange-yellow needles, m. p. 252° (corr.), almost 
insoluble in light petroleum, dilute acids and hot water, sparingly soluble in chloroform and 
benzene, more soluble in ether, acetone, boiling glacial acetic acid (approx. 1 in 12; 1 in 17 is 
the best concentration for crystallisation) and alcohol (approx. 1 in 17, boiling) (Found : C, 51-3; 
H, 3-1; N, 14:2. C,,H,O,N, requires‘C, 51-5; H, 3-0; N, 13-9%). The almost colourless 
solution in sulphuric acid is rendered brilliant yellow by the addition of a trace of a nitrate. 
The silver salt is bright yellow-orange, soluble in aqueous ammonia, and almost insoluble in 
boiling water (Found: Ag, 26-3. C,;H,O,N,Ag requires Ag, 26-3%). 

The synthesis of 5 : 6’-dinttrodiphenylamine-2-carboxylic acid proved still more difficult, and 
the best results (9% yield) were obtained by refluxing sodium 2-chloro-4-nitrobenzoate (4-5 g.), 
sodium carbonate (1-1 g.; 1 equiv.), freshly precipitated copper (0-1 g.), and o-nitroaniline (4-2 g.) 
in nitrobenzene (20 ml.) for 80 minutes. The product was cooled and diluted with benzene, and 
after filtration the solid was refluxed with chloroform, drained, taken up in boiling water, and 
filtered through decolourising carbon. Excess of sodium carbonate, added to the filtrate, 
precipitated a bright reddish-orange sodium salt. The free acid crystallised from alcohol 
in bright lemon-yellow needles, m. p. 239° (corr.), soluble in boiling alcohol (approx. 1 in 25) 
and boiling glacial acetic acid (a 1 in 25 solution deposits 90% on cooling); in other chemical 
and physical properties it was similar to the 5: 4’-isomeride (Found: C, 51:9; H, 3:05; N, 
14-3%). 

5-Nitrodiphenylamine-2-carboxylic acid (I) was produced in unusually good yields (averaging 
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50%) when sodium 2-chloro-4-nitrobenzoate (4-5 g.) and precipitated copper (0-1 g.) were 
refluxed in aniline (20 ml.) for 2 hours and the product was acidified and washed with boiling 
water until only the required acid remained; m. p. 230-5° (corr.) after recrystallisation (1 in 5) 
from glacial acetic acid. It was soluble in boiling alcohol (approx. 1 in 13) and gave the above- 
described nitrate reaction. The scarlet sodium salt was not readily salted out. This acid was 
not formed when 4-nitroanthranilic acid and bromobenzene were heated with copper and 
alkali in various solvents. 

In the preparation of these three nitrodiphenylamine-2-carboxylic acids, p-nitrobenzoic 
was regularly obtained as a by-product in 15—30% yield (calc. on the chloronitrobenzoic acid). 

A mixture of o-phenylenediamine (3-25 g.; 1-5 mols.), sodium 2-chloro-4-nitrobenzoate 
(4-5 g.), sodium carbonate (1-1 g.), and precipitated copper (0-1 g.) was refluxed for an hour in 
n-butyl alcohol and the product was cooled and diluted with light petroleum. The cake obtained 
on filtration was dissolved in water and the solution was strongly acidified, filtered from tar, and 
treated with excess of sodium acetate, giving 5-nitro-6’-aminodiphenylamine-2-carboxylic acid 
monohydrochloride, which formed golden spangles from butanol (1 in 20), m. p. 207° (corr., 
foaming), slightly soluble in hot water, sparingly in toluene and chloroform, and crystallised 
well from 30% alcohol (Found: C, 50-9; H, 4-2; N, 13-4; Cl, 11-0. C,,H,,0,N;,HCl requires 
C, 50-4; H, 3-9; N, 13-5; Cl, 115%). The colourless solution in sulphuric acid is unaffected 
by sodium nitrate. The sodium salt is not readily salted out. The dihydrochloride is white and 
fairly readily soluble. With nitrous acid it gives a white precipitate of the triazole and does not 
couple with phenols. With dilute hydrochloric acid and a trace of ferric chloride, a cherry-red 
colour (phenazine) is obtained on heating. With phenanthraquinone in glacial acetic acid, the 
phenanthrazonium betaine is deposited as creamy-white needles (from chloroform), m. p. 225° 
(corr.), which give the characteristic intense red colour with sulphuric acid, becoming yellow 
on dilution. 

3 : 2’-Diaminodiphenylamine.—65 : 6’-Dinitrodiphenylamine-2-carboxylic acid (05 g.), 
stannous chloride (4-0 g.), and hydrochloric acid (15 ml., 10%) were gently warmed on the water- 
bath under reflux and the filtered liquid was made alkaline and shaken with ether. The extract 
was shaken with sodium hydroxide solution (rejected) and then with dilute hydrochloric acid, 
to which was finally added an equal volume of fuming hydrochloric acid; this caused the 
deposition of crystals of 3 : 2’-diaminodiphenylamine dihydrochloride in 70% yield. No amino- 
acid could be recovered from the alkaline liquors. The addition of benzene to a saturated 
solution of this salt in alcohol (1 in 50) slowly precipitated the hydrochloride in fine white 
crystals, very soluble in water and insoluble in butanol; they charred without melting at approx. 
200° (Found: N, 15-6. C,,H,,N;,2HCl requires N, 15-45%). The salt is very sensitive to 
iron, turning red (phenazine formation) even in the cold. The free base was deposited from all 
solvents as an oil which slowly solidified, m. p. 73°, and discoloured in the air. The isomeric 
3: 4’-diaminodiphenylamine, similarly obtained (yield, 85%), formed white crystals of low 
melting point, readily oxidising in the air to a pink product, and giving with a trace of ferric 
chloride a deep blue colour (indamine?), turning violet on keeping. Potassium dichromate 
gave a green precipitate soluble in sulphuric acid with a red coloration. 3 : 4’-Bisacetamidodi- 
phenylamine, prepared by treating an ethereal solution of the base with acetic anhydride, 
formed cream-coloured needles from 30% alcohol (1 in 16), m. p. 186° (corr.), sparingly 
soluble in hot water, chloroform, benzene, toluene and ether, soluble without temperature 
gradient in alcohol and acetone (Found: N, 15-0. C,,H,,0,N, requires N, 14-9%). 

Dinitroacridones.—The use of sulphuric acid for ring closure caused sulphonation in every 
case and the following method was preferable: 5 : 4’-dinitrodiphenylamine-2-carboxylic acid 
(3 g.) and phosphorus oxychloride (18 ml.) were refluxed for } hour and the cooled product was 
poured into ice-water and basified. The precipitated 5-chloro-2 : 7-dinitroacridine was hydro- 
lysed with boiling 10% hydrochloric acid, and the product exhausted with boiling sodium 
carbonate solution. After purification by solution in 1% alcoholic potassium hydroxide and 
reprecipitation with carbon dioxide, the 2: 7-dimitroacridone was recrystallised from alcoholic 
pyridine, giving orange-needles, not melting at 350°, in 80% yield (Found: C, 55-1; H, 2-9; 
N, 14:3. C,,H,O,N, requires C, 54-7; H, 2-5; N, 14-7%). 2: 7-Dinitroacridone is very 
sparingly soluble in the ardinary solvents, including boiling glacial acetic acid, but soluble in 
pyridine (approx. 1 in 120, boiling) and nitrobenzene. Unlike the 2 : 6- and the 2 : 8- isomeride, 
it is insoluble in alcoholic potassium hydroxide unless the alcohol is dilute; it then forms a 
port-wine red solution. To 20% aqueous sodium hydroxide it imparts a port-wine colour, 
without dissolving to any extent, whereas the 2 : 6- and the 2 : 8-isomeride impart a deep brown 
colour (cf. Part I). 
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2: 9-Dinitroacridone, produced similarly, in 85% yield, formed brownish-orange crystals 
from alcoholic pyridine, m. p. 318—320°. It crystallised from boiling glacial acetic acid, 
but in its other properties behaved exactly as the 2: 7-isomeride (Found: C, 55-0; H, 2-7; 
N, 14-65%). 

2-Nitroacridone, similarly produced, gave an orange-red colour with alcoholic potassium 
hydroxide, contrasting with the port-wine colour given by the 2: 6-, 2: 7-, 2: 8-, and 2: 9- 
dinitro-analogues (v.s., and Part I). Again, unlike these four compounds, it imparts no colour 
to 20% aqueous sodium hydroxide. The solubility in nitrobenzene is approx. 1 in 33. 

Action of Phosphorus Oxychloride on 5-Nitrodiphenylamine-2-carboxylic Acid (I).—Phosphorus 
oxychloride (3 ml.) and 5-nitrodiphenylamine-2-carboxylic acid (0-5 g.) were refluxed together 
for } hour, chilled, and the excess of phosphorus oxychloride washed out with light petroleum. 
The sticky residue was treated with ice and 10% aqueous ammonia, giving yellow flakes of 
5-chloro-2-nitroacridine (Il) (80% yield), which separated from chloroform (1 in 18) in lemon- 
yellow hair-like crystals, m. p. 216° (corr.) (Found: N, 10-7; Cl, 13-7. C,,;H,O,N,Cl requires 
N, 10-8; Cl, 13-7%), almost insoluble in dilute acids, but hydrolysed by boiling acids to 2-nitro- 
acridone. Unlike 5-chloro-2 : 6-dinitroacridine (Part I), it was insoluble in cold 1% alcoholic 
potassium hydroxide. It crystallised well from toluene and benzene, and was slightly soluble 
in ether and alcohol without fluorescence. When the above reaction was repeated and the 
phosphorus oxychloride removed by distillation from a glycerol bath, 0-48 g. of a yellow solid was 
produced which gave two fractions when crystallised from benzene: yellow needles, soluble in 
benzene (approx. 1 in 15), m. p. 197—200° (corr.) [Found : N, 8-5. C,,;H,NCI(NO,) + C,,;H,NCl, 
requires N, 8-3%], and bright yellow needles, soluble in benzene (approx. 1 in 10) and chloroform 
(approx. 1 in 7), m. p. 178—181° (corr.) [Found: N, 7-2; C, 62-2; H, 3-1. C,,;H,NCI(NO,) + 
2C,3;H,NCI, requires N, 7-4; C, 62-0; H,2-8%]. These two compounds occur in the proportion 
of 1 mol. of the former to 1-7 mols. of the latter. The molecular compounds were hydrolysed 
with boiling dilute hydrochloric acid to a mixture of 2-chloroacridone and $-nitroacridone. This 
mixture (1 g.) was treated in the cold with anhydrous stannous chloride reagent (v.t.; 30 ml.), 
and the stannichloride filtered off and decomposed with ice and sodium hydroxide. From the 
resultant mixture, 2-aminoacridone was extracted with hydrochloric acid, and the 2-chloro- 
acridone remaining (0-5 g.), purified by solution in alcoholic potassium hydroxide and 
reprecipitation with acid, was converted into 2: 5-dichloroacridine (0-5 g.) by refluxing with 
phosphorus oxychloride (3 ml. ) ; it formed pale brownish-yellow crystals from benzene, m. p. 
168—169° (corr.), very soluble in chloroform. 

Anhydrous Stannous Chloride Reagent.—A mixture of hydrated stannous chloride (225 g.; 
1 mol.), acetic anhydride (200 g.), and acetic acid (to produce 1 1.) was saturated with hydrogen 
chloride and used without filtration. It is a gentle, but effective, cold reducing reagent for 
nitro-groups. 

mesoA mino-compounds.—Phenylhydrazine crystals (0-11 g.), 2: 5-dichloroacridine (0-3 g.), 
and amyl alcohol (1-3 ml.) were heated for 2 hours at 105° and the red hydrochloride (of chloro- 
acridylphenylhydrazine) was filtered off (0-33 g.), dried, and reduced with zinc (0-5 g.) and acetic 
acid (2-5 ml.; 90%) in a boiling water-bath for l hour. The filtered solution gave with fuming 
hydrochloric acid creamy-white flakes of the hydrochloride of 2-chloro-5-aminoacridine (16% 
yield). The base formed lemon-yellow tufts, m. p. 272-5° (corr.), from 50% alcohol (Found : 
N, 12-0; Cl, 15-4. C,,H,N,Cl requires N, 12-25; Cl, 15-5%), almost insoluble in boiling water 
and benzene, slightly soluble with fluorescence in ether and toluene, and very soluble in cold 
alcohol (with a blue-green fluorescence, turned green by a trace of alkali and violet by a trace of 
acid). The hydrochloride is soluble in water (violet fluorescence) and is not diazotised by the 
usual methods, but when a solution in glacial acetic acid is treated with sodium nitrite in 
sulphuric acid, a bright red solution is formed. An alternative process, giving 2-chloro-5- 
aminoacridine in 60% yield, consisted in dissolving 2: 5-dichloroacridine (0-14 g.) in phenol 
(0-5 g.) by heating for 4 hour at 80°, cooling, and washing away the excess of phenol with ether. 
The residue of 2-chloro-5-phenoxyacridine hydrochloride (0-15 g.) was recrystallised from alcohol. 
This substance (1-62 g.) and alcohol saturated with ammonia at — 5° (20 ml.) were heated at 
130° in a sealed tube for 3 hours. On cooling, crystals of 2-chloroacridone and a brown solution 
were obtained; the latter was evaporated, and the residue recrystallised from 50% alcohol, 
giving crystals, m. p. 272° (corr.) alone or mixed with those obtained as above. 

Similarly 5-chloro-2-nitroacridine (0-45 g.), phenylhydrazine (0-18 g.), and amyl alcohol 
(2 ml.) gave the red hydrochloride of the mesophenylhydrazine derivative, which was reduced 
with zinc (0-8 g.) and acetic acid (3-5 ml.; 90%) for 1 hour in a boiling water-bath; after 
boiling with hydrochloric acid, filtering and cooling, the solution deposited light yellow flakes 
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of 2 : 5-diaminoacridine hydrochloride, which were washed with acetone and recrystallised from 
a little boiling water (13% yield) (Found for material dried in air at 120°: loss in a vacuum 
at 100°, 8-2. C,,;H,,N;,HCl1,H,O requires H,O, 7-35%. Found for material dried in a vacuum 
at 100°: C, 64:0; H, 5-2; N, 17-3. C,,H,,N;,HCl requires C, 63-5; H, 4:95; N, 17-1%). 

The free base, which solidified soon after precipitation but did not readily crystallise, had 
m. p. 141° (corr.) and gave no depression with a sample, m. p. 140° (corr.), manufactured under 
D.R.-P. 364,033. The base is moderately soluble in hot and cold water, very soluble in butanol 
and alcohol (intense green fluorescence, lessened by traces of acid and unchanged by alkali), 
and almost insoluble in benzene, ether and chloroform. The hydrochloride is very soluble in 
boiling water to a supersaturated solution, from which it may be precipitated by seeding, or by 
the addition of hydrochloric acid, brine, or acetone. The light yellow aqueous solution 
fluoresces intense yellow-green, but only when dilute, and on diazotisation gives an orange 
solution which couples with $-naphthol (orange-red). The orange-yellow acetyl derivative is 
soluble in alcohol with bluish-green fluorescence (unchanged by alkali, but turning intense violet 
with a trace of acid) and decomposes without melting when heated. 

2-Aminoacridone, obtained as above described and also (in 91% yield) by the direct reduction 
of 2-nitroacridone (1-5 g.) with anhydrous stannous chloride reagent (v.s.; 45 ml.), crystallised 
from dilute alcohol in pale yellow needles, m. p. 301—303° (corr.), almost insoluble in 20% 
aqueous sodium hydroxide, soluble in alcohol (violet fluorescence, turning intense yellow-green 
on the addition of a trace of acid), and in glacial acetic acid (intense green fluorescence). The 
hydrochloride gives an orange diazo-solution which couples with $-naphthol (scarlet). 

In the same way, 2 : 7-dinitroacridone was reduced to the corresponding 2 : 7-diaminoacridone 
in 55% yield. Crystallised from 25% alcohol and from hot water (1 in 1700), this formed 
brownish-yellow, compact crystals, m. p. 352° (decomp.; bath at 345°), soluble (approx. 1 in 
400) in alcohol, equally cold and boiling (the solubility in water and alcohol is uninfluenced by 
addition of alkali), very soluble in pyridine and glacial acetic acid, insoluble in all other solvents 
tried (Found: C, 68-7; H, 4-9; N, 18-0. C,,;H,,ON, requires C, 69-3; H, 4:9; N, 18-6%). 
The hydrochloride gives a light brown solution in water, becoming orange on diazotisation and 
coupling with $-naphthol (port-wine red). The yellow sulphate is difficultly soluble in hot water. 
The intense yellow-green fluorescence of the base in alcohol is abolished by a trace of acid, and 
in glacial acetic acid there is only a trace of fluorescence. These fluorescences of the base, and 
the above colour reactions of the hydrochloride are also given by 3 : 7-diaminoacridone (Bogert, 
Hirschfelder, and Lauffer, Coll. Czech. Chem. Comm., 1930, 2, 385), specimens of which and of 
the corresponding acridine we have been enabled to examine through the kindness of the authors. 

Similarly, 2 : 9-diaminoacridone, obtained from 2 : 9-dinitroacridone with anhydrous stannous 
chloride reagent in 77% yield, and precipitated from pyridine solution (1 in 50) with benzene, 
crystallised from water (1 in 5000) in lemon-yellow flocks, m. p. over 360°, soluble in alcohol 
(yellow-green fluorescence, unchanged by addition of acid) and glacial acetic acid (no 
fluorescence), slightly soluble in nitrobenzene, and almost insoluble in other solvents tried. As 
with the 2: 7-isomeride, alkalis do not influence its solubility in water; yet it is very soluble 
in 1% alcoholic potassium hydroxide (Found: C, 68-9; H, 5:3; N, 18:1%). The brown 
aqueous solution of the hydrochloride fluoresces faintly green, and gives with nitrous acid a 
brown precipitate (triazole) and a yellow solution which couples with B-naphthol (deep red- 
brown). The hydrochloride gives no red colour with ferric chloride on warming, but a black 
precipitate such as the 2 : 6- and 2 : 7- isomerides produce, and the base forms no phenanthrazine. 

2-Aminoacridine was obtained in 60% yield when 2-aminoacridone (0-4 g.), dissolved in 
N-hydrochloric acid (4-0 ml.), was added to N/2-sodium hydroxide (40 ml.) and treated during 
1 hour, with stirring, at 80°, with sodium amalgam (40 g.; 2%); the mixture was then stirred 
for 2 hours, the mercury decanted, and air beaten into the hot liquid for 2 hours, no addition of 
ferric chloride being required. On cooling, the base was filtered off and dissolved in hydrochloric 
acid. The hydrochloride, precipitated with brine, gave on basification and recrystallisation 
from 35% alcohol brownish-orange needles, m. p. 219°, or from hot water bright yellow needles, 
m. p. 215° (both corr.; sealed tube). It is very soluble in butanol and chloroform; the alcoholic 
solution shows an intense yellow-green fluorescence. The yellowish-orange aqueous solution 
of the hydrochloride shows a slight green fluorescence, but only when dilute; it is diazotised to 
a yellow-orange solution which couples with $-naphthol (bright red). 2-Acetamidoacridine 
separates from dilute alcohol in pale yellow, sternutatory crystals, m. p. 236° (corr.; sealed 
tube) (Found: N, 12-05. C,,;H,,ON, requires N, 11-9%), very soluble in alcohol (intense pure 
blue fluorescence). The hydrochloride gives an intense green fluorescence in water, and does 
not react with nitrous acid. The acetate is readily soluble. 
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2 : 7-Diaminoacridone, treated with sodium amalgam and ferric chloride, the product being 
precipitated as the sulphate precisely as the 2 : 6-isomeride (Part I), gave a 51% yield of 2: 7- 
diaminoacridine, which after recrystallisation from alcohol (1 in 800), formed orange-yellow 
needles from boiling water, m. p. 355° (bath at 345°), slightly soluble in acetone and methanol 
and almost insoluble in benzene, xylene, ether, chloroform and nitrobenzene. The alcoholic 
solution fluoresces yellow-green (Found: C, 74-5; H, 5-25; N, 19-8. (C,,;H,,N, requires 
C, 74-6; H, 5-3; N, 20-1%). The base is stable in air and stains the skin red. The sulphate 
is dull scarlet and sparingly soluble; the hydrochloride is red-brown and gives a deep red 
aqueous solution, entirely without fluorescence, which becomes orange-coloured on diazotisation, 
and couples with $-naphthol (violet). The fluorescences, stability, diazotisation, and coupling 
of the 3 : 7-isomeride (v.s.) were found to be almost identical. 

The application of the above reduction method, the ferric chloride being omitted, to 2 : 9- 
diaminoacridone gave an 88% yield of 2: 9-diaminoacridine (IV), bright yellow crystals from 
alcohol (1 in 250), m. p. 249° (corr.), sparingly soluble in hot water and light petroleum, but 
crystallising well from chloroform and benzene (Found: C, 74-9; H, 5-3; N, 20-0%). None 
of the solutions of the base or the hydrochloride shows any fluorescence. The scarlet sulphate 
is sparingly soluble in water and alcohol; the hydrochloride is readily soluble, and addition 
of sodium nitrite to the acidified orange-red solution produces a bright pink colour, and at this 
stage the solution will couple with B-naphthol (bright red); but excess of sodium nitrite gives a 
green precipitate, and the solution will no longer couple with phenols. 

Partial Acetylation of Proflavine (Base).—2: 8-Diaminoacridine monohydrochloride (from 
commercial proflavine; 2-5 g.) was stirred with glacial acetic acid (10 ml.), and acetic anhydride 
(2-5 ml.) added; the mixture was warmed until the contents solidified (cf. D.R.-P. 546,661) 
and then for 15 minutes in a boiling water-bath, treated with glacial acetic acid (20 ml.), warmed 
to 118°, and refluxed for 15 minutes. On cooling, filtering, and basifying the precipitate and 
washing it several times with boiling water, an almost quantitative yield of 2-amino-8- 
acetamidoacridine was obtained, which formed orange-yellow flakes (from 30% alcohol), m. p. 
286° (corr.), almost insoluble in chloroform and benzene, slightly soluble in hot water, and very 
soluble in alcohol and butanol (Found: N, 16-8. C,;H,,;ON, requires N, 16-7%). The alcoholic 
solution fluoresces an intense yellow-green. The hydrochloride, only sparingly soluble in boiling 
alcohol, but soluble in methanol (approx. 1 in 35), is precipitated from its solution in the latter 
by benzene in brilliant scarlet crystals, readily soluble in water to a reddish-orange solution 
(fluorescing green when dilute), which becomes orange-red on diazotisation and couples with 
B-naphthol (bright red). As with many other aminoacridines, ammonia does not precipitate 
the free base. 


A gift of 2: 5-diaminoacridine hydrochloride from Messrs. I. G. Farbenindustrie A.G. is 
acknowledged with gratitude. 
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358. Lanceol, a Sesquiterpene Alcohol from the Oil of Santalum 
lanceolatum. Part I. 


By A. E. BRADFIELD, E. M. Francis, A. R. PENFOLD, and J. L. SIMONSEN. 


DuRING an examination of the essential oil from the wood of Santalum lanceolatum one of 
us (Penfold, J. Proc. Roy. Soc. New South Wales, 1928, 62, 60; 1932, 66, 240) isolated a 
new sesquiterpene alcohol, C,;H,,0. We have now studied the reactions of this alcohol, 
for which we suggest the name Janceol. We derive the trivial name in this instance from 
the botanical name of the variety of the wood and not, as is customary, from the species 
name, since there appears to be no structural relationship between the a- and £-santalols 
and lanceol. 

Lanceol is a primary alcohol, since it reacts with phthalic anhydride in benzene solution 
to yield a hydrogen phthalate, characterised by the preparation of a crystalline strychnine 
salt, m. p. 103—105°. It can be identified most readily by means of the allophanate, 
m, p. 114—115°. It is monocyclic, titration with camphoric acid peroxide showing the 
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presence of three ethylenic linkages: these cannot be conjugated, since the alcohol does 
not react with «-naphthaquinone, nor is it reduced by sodium in ethyl-alcoholic solution. 
On oxidation with chromic acid lanceol gives, in very poor yield, an aldehyde, C,;H,,0, 
from which two derivatives, the semicarbazone, m. p. 151—152°, and the p-nitrophenyl- 
hydrazone, m. p. 135—136°, were prepared. 

On oxidation of lanceol with ozone in either acetic acid or ethyl acetate formaldehyde 
was obtained in considerable quantity. Hydroxyacetone appeared to be present amongst 
the products volatile in steam after decomposition of the ozonide, the phenyl- and the 
2 : 4-dinitrophenyl-osazone being isolated. It is considered unlikely that these osazones 
arise alternatively from the presence of methylglyoxal, since the formation of this substance 
would involve the presence originally of the system :CMe-CH: containing conjugated 
ethylenic linkages. Extraction with ether of the non-volatile products gave an oil having 
strong reducing properties, which showed no tendency to crystallise. If this oil was 
treated with alkali, or preferably oxidised further with silver oxide, a mixture of acids 
was obtained which partly crystallised. In the liquid acid mixture levulic acid was 
identified by esterification with diazomethane and fractional distillation, methyl levulate 
being characterised by the preparation of the semicarbazone, m. p. 148°, the 2 : 4-dinitro- 
phenylhydrazone, m. p. 139—141°, and the phenylsemicarbazone, m. p. 115°. 

The crystalline acid, m. p. 174°, which was readily isolated in a pure state owing to 
its sparing solubility in ethyl acetate and ether, had the composition CgH,,0,, was optically 
inactive, and its alkaline solution immediately decolorised potassium permanganate. On 
oxidation with ozone it gave 3-acetylbutane-«f-dicarboxylic acid (III), m. p. 119—120° 
(Meldrum and Perkin, J., 1908, 93, 1427), identified by comparison with an authentic 
specimen and by oxidation with sodium hypobromite to butane-a«f8-tricarboxylic acid. 
The formation of 8-acetylbutane-«f-dicarboxylic acid with the loss of one carbon atom 
suggested that the acid CgH,,0, was either 1-methyl-Al-cyclopentene-2-carboxylic-3-acetic 
acid (1) or 1-methyl-A1-cyclohexene-2 : 4-dicarboxylic acid (II). These acids were synthesised ; 
they melt at 200—202° and 193—195° respectively, and cannot therefore be identical 
with the oxidation acid. 
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The only other acids which could give (III) on ozonolysis are represented by (IV), (V), 
and (VI). Since the acid, m. p. 174°, seems to be stable to hot alkali, we regard (IV) and 
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(V), containing as they do an ethylenic linkage in the By-position to a carboxyl group, as 
extremely improbable. If (VI) correctly represents the unsaturated acid, the oxidation 
to (III) must proceed via the aldehyde (VII) or the related malonic acid. We have been 
unable to obtain any evidence of the presence of the malonic acid or the aldehyde, since, 
even if the oxidation was effected in acetic acid solution and the solvent removed at room 
temperature, only the keto-dicarboxylic acid was obtained. It is possible that the aldehyde 
(VII) is unstable and we regard (VI) therefore as the most probable representation of the 
unsaturated acid, although we are unable to furnish a rigid proof of this. In view of its 
importance the synthesis of the acid (VI) is being studied. 

This structure being tentatively accepted for the unsaturated acid, it is now necessary 
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to consider its relationship to the parent alcohol and also how its formation can be reconciled 
with the three other products of the oxidation, formaldehyde, hydroxyacetone, and lzvulic 
acid. , 

Regarding 1-methyl-A!-cyclopentene-3-carboxylic-3-acetic acid (VI), two possibilities 
arise, either that it is a primary oxidation product retaining an ethylenic linkage un- 
attacked by ozone, or that it is a secondary product. For the reason given below, we 
regard the latter alternative as the more probable and we suggest that the acid is formed 
by the cyclisation of the diketone (VIII) to yield (IX), which then loses an acetyl group, 
giving (VI). 
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It might be anticipated that (IX) would be sufficiently stable to permit of its isolation 
and it is not improbable that it is present amongst the products of the oxidation. Esterific- 
ation of the liquid acids gives a high-boiling fraction which is ketonic, but we were unable 
to prepare any crystalline derivatives, either from the ester or from the acid obtained by 
hydrolysis. On the basis of (VIII) we suggest as a working hypothesis for further investig- 
ation that lanceol is represented by (XI), the primary products of the oxidation being the 
diketo-dialdehyde (X), formaldehyde, and hydroxyacetone. (X) would be capable of 
cyclisation in many directions: this may account for the difficulties encountered in 
isolating homogeneous oxidation products. 

The alternative possibility that 1-methyl-Al-cyclopentene-3-carboxylic-3-acetic acid 
is a primary product leads also to (XI) for lanceol, with the slight modification that an 
isopropylidene group replaces the isopropenyl group. On ozonolysis the modified form 
of (XI) should then yield (VI) directly (the cyclopentene ring, ex hypothesi, not being 
attacked), hydroxyacetone, and acetone. However, in spite of a careful search, we could 
not detect acetone after oxidation with either ozone or potassium permanganate. 

There remains to account for the production of levulic acid. We have been unable 
to devise any formula which will account for its formation in a simple and obvious manner 
and yet be in harmony with the other evidence available. We suggest that levulic acid 
results from the oxidative breakdown of (X) at the dotted line by the hydrogen peroxide 
formed during the decomposition of the ozonide. Drastic degradations of this type by 
the action of ozone are uncommon, but have been recorded previously (inter alia; Ruzicka, 
Zimmermann, and Huber, Helv. Chim. Acta, 1936, 19, 346). Finally, the formula (XI) 
proposed for lanceol contains three isoprene residues combined in a somewhat unusual 
manner. 

The unsaturated cyclic acids (I) and (II) were synthesised via the hydroxy-nitriles 
(XV) and (XX), which were prepared from the methyl esters of the keto-acids (XIV; 
R = Me) and (XIX; R = Me). 

By the condensation of ethyl sodio-l-methylcyclopentan-2-one-3-carboxylate (XII) 
(Dieckmann, Annalen, 1901, 317, 73) with ethyl bromoacetate, ethyl 3-carbethoxy-1-methyl- 
cyclopentan-2-one-3-acetate (XIII) was prepared; this, on hydrolysis with dilute sulphuric 
acid, gave 1-methylcyclopentan-2-one-3-acetic acid (XIV; R =H) as an oil, which was 
purified through its semicarbazone, m. p. 175—176°. Fractional crystallisation showed, 
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as was to be expected, that the keto-acid was a mixture of cis- and trans-forms, but only 
one semicarbazone was obtained pure. By treatment of the methyl ester with anhydrous 
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hydrogen cyanide the hydroxy-nitrile (XV) was prepared, which was dehydrated with 
thionyl chloride and pyridine to the cyclopentene cyano-ester (XVI). Hydrolysis of the 
latter with hydrochloric acid gave the cyclopentene acid (I) together with a small quantity 
of the related cyano-acid, m. p. 216°. The constitution of (I) was confirmed by its oxidation 
with ozone to 8-acetylbutane-«f-dicarboxylic acid. 

The keto-acid (XIX; R= H) has been described by Meldrum and Perkin (loc. cit.), 
who prepared it from f-toluic acid. We now find that it can be prepared conveniently 
in accordance with the scheme given below. When ethyl 3-carbethoxy-1-methylcyclo- 
pentan-2-one-3-acetate (XIII) was digested with sodium ethoxide, ring fission occurred 
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with the formation of ethyl hexane-a«fe-tricarboxylate (XVII), which gave, on cyclisation 
with sodium, ethyl 1-methylcyclohexan-2-one-2 : 4-dicarboxylate (XVIII), from which by 
hydrolysis with dilute sulphuric acid the keto-acid (XIX ; R = H) was obtained in excellent 
yield. The acid was apparently a mixture of cis- and ¢vans-isomerides, but its structure 
was proved by the preparation of the semicarbazone and oxime, which had the melting 
points recorded by Meldrum and Perkin, and also by its oxidation with chromic acid to 
-acetylbutane-«$-dicarboxylic acid. As would be anticipated, the cyclopentanone acid 
(XIV) was not formed. The methyl ester of (XIX; R= Me) was converted into the 
cyclohexene acid (II) in a manner similar to that used for the preparation of the cyclo- 
pentene acid, but the reaction proceeded very much less smoothly. In the hydrolysis of 
the nitrile considerable dehydrogenation occurred and in addition to the cyclohexene acid 
(II), the aromatic acid, its nitrile, m. p. 162—163°, and its acid amide, m. p. 285°, were 
obtained. The actual yield of the cyclohexene acid was small, but sufficient was prepared 
to confirm its structure by oxidation wlth ozone to 8-acetylbutane-«®-dicarboxylic acid. 


EXPERIMENTAL. 


Lanceol.—The alcohol, which was purified by conversion into its gummy hydrogen phthalate 
and recovery by hydrolysis with alkali, was a somewhat viscid, colourless oil with only a faint 
odour. It had b. p. 175—176°/17 mm., di. 0-9474, n° 1-5074, [a] 546, — 77°4°, [%]57¢9 — 67°8° 
(Found: C, 81-8; H, 10-8. (C,,H,,O requires C, 81-8; H, 10-9%). With percamphoric acid 
the alcohol absorbed oxygen equivalent to 2-75 ethylene linkages. Catalytic hydrogenation 
of the alcohol or of its hydrogen phthalate yielded a mixture, the boiling-point range indicating 
the presence of much hydrocarbon. It was unaffected by heating with alcoholic potassium 
hydroxide at 150° for 5 hours, and after dehydrogenation with selenium at 300° for 40 hours 
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the product failed to yield a crystalline picrate. The allophanate crystallised from alcohol in 
soft needles, m. p. 114—115° (Found : C, 67-1; H, 8-4; N, 9-4. C,,H,,0,N, requires C, 66-7; 
H, 8-5; N, 90%). The hydrogen phthalate gave a strychnine salt, which crystallised from 
cyclohexane in needles, m. p. 103—105° (Found : C, 74-6; H, 7-3. C,gH590,N, requires C, 75-2; 
H, 7-1%). 

Oxidation of Lanceol.—(i) With chromic acid. The alcohol (3 g.) in acetic acid (5 c.c.) was 
treated with chromic acid (1 g.) in acetic acid (5 c.c.). Oxidation proceeded vigorously, but 
the product, b. p. 165—175°/15 mm., was not homogeneous and contained only a small per- 
centage of aldehyde. The semicarbazone crystallised from methyl alcohol in irregular prisms, 
m. p. 151—152° (Found: C, 70-1; H, 9-2. C,,H,,ON,; requires C, 69-8; H, 9-1%); the p- 
nitrophenylhydrazone separated from acetic acid in balls of terra-cotta needles, m. p. 135—136° 
(Found: C, 71-0; H, 7-5. C,,H,,0,N, requires C, 71-4; H, 7-6%); the oxime was an oil. 
(ii) With ozone. The alcohol (10 g.) in ethyl acetate (130 c.c.), cooled in ice, was ozonised, 
the issuing gases being led through water, this water subsequently being shown to contain 
formaldehyde in considerable quantity by the dimedone test. The solvent was evaporated 
under diminished pressure, and the ozonide decomposed by boiling with water. Volatile 
products were removed by steam distillation, about 1 1. of distillate being collected. From 
the distillate the phenyl- and the 2 : 4-dinitrophenyl-osazone of hydroxyacetone, m. p. 141— 
142° and 300° respectively, were prepared. The liquid in the distilling flask was cooled and 
treated with solutions of silver nitrate (20 g.) and sodium hydroxide (10 g.). After standing 
overnight, the solution was filtered, concentrated on the water-bath, acidified, and extracted 
continuously with ether. After separation, drying, and evaporation of the ether, the oil 
obtained partly solidified. It was triturated with a little ethyl acetate and filtered from the 
acid (A) (1-8 g.). Evaporation of the ethyl acetate and repetition of the treatment with solvent 
yielded further small quantities of (A), the final evaporation of the solvent leaving an oil (B). 
The acid (A) crystallised from water in small irregular plates, m. p. 174°, unaltered by further 
crystallisation (Found: C, 58-9; H, 6-3. C,H,,O, requires C, 58-7; H, 65%). The acid was 
readily solubie in alcohol, acetone and hot water, very sparingly so in ether, ethyl acetate and 
benzene. It was unaltered when heated with sulphuric acid (90%) at 100°. When heated 
with acetyl chloride, it gave a crystalline anhydride, m. p. about 148°, which crystallised from 
ether—benzene in rosettes of prisms. The anhydride was, however, very unstable and on further 
crystallisation it gradually reverted tothe parentacid. The di-p-phenylphenacyl ester crystallised 
from methyl alcohol in balls of needles, m. p. 105—106° (Found: C, 77-4; H, 5:5. C3,H 3,0, 
requires C, 77-6; H, 5-6%). 

The oil (B) gave amorpkous or gummy precipitates with carbonyl reagents, and with sodium 
hypobromite in alkaline solution it gave a milky precipitate. It was esterified with diazo- 
methane, and the esters distilled. A fraction (1-2 g.), b. p. 90—105°/15 mm., yielded the 
semicarbazone, m. p. 148°, the phenylsemicarbazone, m. p. 115° (Found: N, 15-8. C,3;H,;,O,N; 
requires N, 16-0%), and the 2 : 4-dinitrophenylhydrazone, m. p. 139—141°, of methyl levulate, 
the m. p.’s being unchanged by admixture with authentic specimens. A viscid fraction (3-6 g.), 
b. p. 195—225°/15 mm., yielded some of the acid (A), m. p. 174°, on hydrolysis, but no other 
solid derivatives could be obtained from this or the small intermediate fractions. 

In separate experiments in which the ozonolysis was carried out in ethyl acetate or in carbon 
tetrachloride solution, the solution after decomposition of the ozonide was made alkaline and 
distilled through a short column into a water-—acetic acid solution of p-nitrophenylhydrazone. 
No acetone could be detected. 

Oxidation of the Acid (A).—The acid (0-7 g.) in sodium carbonate solution (carbonate 1 g. ; 
water 10 c.c.) was treated with ozone until the solution no longer decolorised potassium per- 
manganate. After the addition of a few drops of hydrogen peroxide the solution was kept 
overnight, concentrated, acidified, and extracted with ether. The oil remaining after evapor- 
ation of the solvent rapidly crystallised. For purification the keto-acid was converted into the 
semicarbazone, which crystallised from water in well-formed prisms, decomp. 180° (Found : 
C, 44-1; H, 6-0. Calc.: C, 44-1; H, 61%). The acid, regenerated from the semicarbazone 
by hydrolysis with dilute sulphuric acid, crystallised from ether in cubes, m. p. 119—120°, 
both alone and after admixture with 8-acetylbutane-a$-dicarboxylic acid (Found: C, 51:3; 
H, 6-0. Calc.: C, 51-1; H, 64%). The keto-acid was oxidised with sodium hypobromite 
to butane-«$3-tricarboxylic acid, which after crystallisation from acetone-chloroform had 
m. p. 116—118°, both alone and in admixture with an authentic specimen. 

Ethyl 3-Carbethoxy-1-methylcyclopentan-2-one-3-acetate——Ethyl 1-methylcyclopentan-2-one- 
3-carboxylate (16-5 g.) was added to finely divided sodium (2-3 g.) in benzene (64 c.c.) and heated 
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on the water-bath for 4 hours. Ethyl bromoacetate (13 g.) was added to the cooled solution, 
and the condensation effected by heating for a further 4 hours. After the addition of water 
and ether, the ether—benzene layer was separated and dried, and the solvent removed. The 
ester then distilled as a mobile oil, b. p. 173—175°/19 mm. (yield, 75%) (Found: C, 60-5; H, 
7-9. C,;H,,O, requires C, 60-9; H, 7-8%). 

1-Methylcyclopentan-2-one-3-acetic Acid.—The above-mentioned ester (92 g.), sulphuric 
acid (90 g.), and water (600 c.c.) were heated under reflux for 10 hours; aqueous sodium 
hydroxide (sodium hydroxide 40 g.) was added to the cooled solution, which was finally made 
alkaline with sodium carbonate. After extraction with ether to remove neutral products, 
the alkaline solution was acidified and repeatedly extracted with ether; evaporation of the 
dried extract finally gave the acid (55 g.) as an oil. The acid was purified by conversion into 
the semicarbazone, (56 g.), which separated as a crystalline powder, m. p. 163°. The filtrate 
gave on digestion with dilute sulphuric acid an oil (11-7 g.), which was not further examined. 
The semicarbazone (36-4 g.), purified by fractional crystallisation from methyl alcohol, in which 
it was somewhat sparingly soluble, separated in fine needles, m. p. 175—176° (Found: C, 50-6; 
H, 6-8. C,H,,0O,N, requires C, 50-7; H, 7-°0%). From the mother-liquors a more readily 
soluble semicarbazone was isolated, which could not be obtained pure. Hydrolysis of the 
semicarbazone (36 g.) with dilute sulphuric acid gave the pure keto-acid (27-5 g.) as a colourless 
oil showing no tendency to crystallise. The phenylsemicarbazone crystallised from methyl 
alcohol in long needles, decomp. 175—176° (Found: N, 14:9. C,,;H,,0O,N; requires N, 14-5%). 
The methyl ester was a mobile oil, b. p. 123°/20 mm. (Found: C, 63-6; H, 8-2. C,H,,0; 
requires C, 63-5; H, 8-2%). 

Methyl 2-Hydroxy-2-cyano-1-methylcyclopentane-3-acetate—The methyl ester (16 g.) was 
added to hydrogen cyanide obtained from potassium cyanide (100 g.) (Wade and Panting, J., 
1898, 73, 256) at 0°. After the addition of a drop of potassium cyanide solution the mixture 
was kept at this temperature overnight, a little dilute sulphuric acid added, and the excess 
of hydrogen cyanide removed by means of the pump. The residual oil was dissolved in ether, 
and the solution dried; the hydvoxy-ester remaining after removal of the solvent had b. p. 
166°/20 mm. (yield, 70%) (Found: N, 7-4. Cy 9H,,0,;N requires N, 7-1%). 

1-Methyl-A'-cyclopentene-2-carboxylic-3-acetic Acid.—The hydroxy-ester (7-8 g.) in pyridine 
(6-3 g.) was cooled in salt—-ice, and freshly distilled thionyl chloride (10-3 g.) added during 
30 minutes. On cautious warming on the water-bath, vigorous evolution of gas occurred ; 
the reaction was controlled in the early stages by removal from the water-bath and cooling in 
ice. After 1 hour’s heating, ice was added, the mixture poured into dilute hydrochloric acid, 
and the unsaturated nitrile extracted with ether. The ethereal extract was washed with 
dilute sulphuric acid, aqueous sodium hydroxide, and dried, and the solvent removed. The 
residual deep brown oil, which contained a small quantity of a crystalline solid, was distilled 
under diminished pressure (18 mm.), the nitrile being obtained as an oil, b. p. 140—145°. For 
hydrolysis the nitrile (6 g.) was digested with hydrochloric acid (30 c.c.) for 3 hours, a crystalline 
solid separating. The cyclopentene acid separated from hot water (charcoal) in needles, m. p. 
200—202°, unaltered by further crystallisation (Found: C, 58-6; H, 6-6; M, 184-4. C,H,,0, 
requires C, 58-7; H,6-5%; M, 184). The acid was readily soluble in the ordinary organic 
solvents except ligroin; its alkaline solution was unstable to potassium permanganate. On 
oxidation in sodium carbonate solution with ozone, followed by hydrogen peroxide, it gave 
in quantitative yield 8-acetylbutane-«$-dicarboxylic acid, m. p. 119—120°, both alone and in 
admixture with an authentic specimen. The semicarbazone, after crystallisation from water, 
had m. p. 177—179°. 

Evaporation of the hydrochloric acid solution from which the cyclopentene acid had been 
separated gave a gummy solid, which was extracted with acetone to separate the ammonium 
chloride. The acetone left on evaporation a brown oil, which slowly solidified and then crystal- 
lised from methyl alcohol in needles. 2-Cyano-1-methyl-A'-cyclopentene-3-acetic acid decomposed 
at 216° after sintering at 212° (Found : C, 65-6; H, 6-7. C,H,,O,N requires C, 65-5; H, 6-7%). 

Ethyl Hexane-afe-iricarboxylate.—Ethyl 3-carbethoxy-1-methylcyclopentane-2-one-3-acetate 
(69 g.) was mixed with sodium ethoxide (sodium 1-2 g.; ethyl alcohol 24 c.c.) and heated on 
the water-bath for 2-5 hours. The cooled solution was poured into a mixture of ether and 
water, the ethereal extract separated, washed with water, and dried, and the ether evaporated. 
The triethyl ester (59 g.) had b. p. 188°/18 mm. (Found: C, 59-6; H, 8-5. C,,;H,O, requires 
C, 59-6; H, 8-6%). Hydrolysis of the ester with hydrochloric acid gave the tribasic acid as 
a crystalline cake, which did not lend itself to purification. 

__ Ethyl 1-Methylcyclohexan-2-one-3 : 4-dicarboxylate——The above-mentioned ester (52 g.) 
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was added slowly to finely divided sodium (6-4 g.) and heated on the water-bath for 1 hour; 
xylene (50 c.c.) was then added, and the heating continued for a further hour at 140°. After 
the addition of alcohol (10 c.c.) and water to the cooled reaction mixture, the solution was 
acidified with dilute hydrochloric acid, ether added, the ether—xylene extract separated, washed 
with sodium carbonate solution, and dried, and the solvents removed. The keto-ester (31 g.), 
b. p. 185°/30 mm., gave a deep blue colour with alcoholic ferric chloride (Found: C, 60-9; 
H, 7:7. C,,;H.O,; requires C, 60-9; H, 7-8%). 

1-Methylcyclohexan-2-one-4-carboxylic Acid.—The keto-ester (30 g.) was digested with dilute 
sulphuric acid (acid 80 g.; water 200 c.c.) for 40 hours and the cooled solution, after saturation 
with ammonium sulphate, was extracted with ether. Evaporation of the solvent gave a crystal- 
line acid (15-4 g.) which, after crystallisation from ether, had m. p. 85—90° and was evidently 
a mixture of the cis- and the trvans-modification of the keto-acid (Found: C, 61-6; H, 7:8. 
Calc. : C, 61-5; H, 7-7%). The semicarbazone had m. p. 195—197° and the oxime decomposed 
at 193° (Meldrum and Perkin, Joc. cit., give m. p. 193—195° and 193—195° respectively). The 
constitution of the acid was confirmed by its oxidation with chromic acid to 3-acetylbutane- 
a«8-dicarboxylic acid. The methyl ester had b. p. 132°/21 mm. (Found: C, 63-7; H, 8-4. 
C,H,,O; requires C, 63-5; H, 8-2%). 

Methyl 2-Hydroxy-2-cyano-1-methylcyclohexane-4-carboxylate.—The hydroxy-nitrile, prepared 
in a similar manner to the cyclopentane nitrile described above, had b. p. 191°/25 mm. (Found : 
N, 7:6. Cy9H,,O,;N requires N, 7-1%). 

1-Methyl-A'-cyclohexene-2 : 4-dicarboxylic Acid.—The nitrile was dehydrated with thionyl 
chloride and pyridine under conditions similar to those adopted in the case of the cyclopentane 
isomeride. The product, b. p. 160—215°/29 mm., contained halogen and it was therefore 
digested with pyridine for 1 hour; the recovered oil had b. p. 155—160°/22 mm. and was free 
from chlorine. The cyano-ester (5-7 g.) was mixed with methyl-alcoholic potassium hydroxide 
solution (potassium hydroxide 8 g.) and heated on the water-bath; after some minutes, a 
crystalline potassium salt separated. The solution was cooled, the salt (A) collected, and the 
filtrate (B) heated on the water-bath for 36 hours, evolution of ammonia having then ceased. 
The salt (A) was dissolved in water, and the solution evaporated to remove traces of alcohol, 
cooled, and acidified. The solid deposited (1-7 g., m. p. 140—190°) was ground with cold ethyl 
acetate, and the sparingly soluble portion (A,) (0-39 g.) removed. Evaporation of the solvent 
gave 2-cyano-p-toluic acid, which crystallised from water in long fine needles, m. p. 162—163° 
(Found: C, 67:2; H, 4:5. C,H,O,N requires C, 67-1; H, 43%). The nitrile was readily 
hydrolysed to the dibasic acid, m. p. 319—320°, by warming at 125—130° with equal parts of 
water and sulphuric acid. The amide (A, above) crystallised from alcohol in soft prisms, 
decomp. 285° (Found: C, 60-3; H, 5-1. C,H,O,N requires C, 60-3; H, 5-0%). 

The solution (B) was diluted with water and acidified after the alcohol had been removed 
on the water-bath. The amorphous solid (B,) which separated was collected and after crystal- 
lisation from alcohol had m. p. 319—320° and was identified as methylisophthalic acid. Ex- 
traction of the filtrate from (B,) with ether gave an oil (2-6 g.), which partly crystallised on 
trituration with water. The solid (B,), m. p. 130—180°, was purified by crystallisation first 
from ethyl acetate and finally from hot water. 1-Methyl-A'-cyclohexene-2 : 4-dicarboxylic 
acid crystallised in irregular prisms, m. p. 193—195° (Found: C, 58-5; H, 6-6; M, 185. 
C,H,,0, requires C, 58-7; H, 65%; M, 184). The structure of the acid was confirmed by its 
oxidation with ozone to 8-acetylbutane-a$-dicarboxylic acid, the semicarbazone of which had 
m. p. 177° both alone and in admixture with an authentic specimen. The mother-liquor from 
which the cyclohexene acid had been separated contained a more soluble acid, m. p. about 
158—160°, which was not obtained pure (Found: C, 59-2; H, 65%). It is possible that this 
was the lactonic acid, but the quantity available was insufficient for purification. 
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359. The Reactions of Ethyl cycloHexanone-2-carboxylate and Ethyl 
cycloPentanone-2-carboxylate with Unsaturated Methyl Ketones. 


By WILLIAM SAGE Rapson. 


THE reactions of ethyl potassiocyclohexanone-2-carboxylate with various unsaturated 
methyl ketones have followed the course which was to be expected from the analogous 
reactions of sodiocyclohexanone with similar unsaturated ketones (Rapson and Robinson, 
J., 1935, 1285). For instance, it condenses with ethylideneacetone in dry alcoholic solution 
in the cold to yield (I, R = Me). Piperidine fails to effect the condensation. Under similar 
conditions styryl methyl ketone yields (I, R = C,H;), and #-methoxystyryl methyl ketone 
yields (I, R = C,H,OMe). Both mesityl oxide and acetylcyclohexene failed to react. 
No saponification of the carbethoxy-group occurs during these condensations, the products, 
as might be expected from the tertiary nature of the ester group, being highly resistant 
to attack by both acids and alkalis. 
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CH, tO + $O _. (GH, tO ¢O _ CH, CO,H [0 
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CHR sea CHR EtO, CHR 
(II.) (III). 


With ethyl potassiocyclopentanone-2-carboxylate, however, analogous condensations 
have not been effected. From reactions with both styryl methyl ketone and p-methoxy- 
styryl methyl ketone in alcoholic solution, acidic products have been isolated, and from 
titrations and analyses, these are considered to be the monoethyl esters (III, R = C,H; 
and C,H,*OMe respectively) : this view is supported by the preparation of the corresponding 
methyl ethyl esters and by the fact that on saponification a mixture of two stereoisomeric 
acids is produced, analyses and titrations of which indicate that they are the two possible 
racemic forms (III with H in place of Et). 

Further, if the reaction with styryl methy] ketone is carried out in an inert medium such 
as benzene, in the cold, then little self-condensation of the styryl methyl ketone occurs, 
and both neutral and acidic products of reaction can be isolated. The acidic product is the 
same as that isolated from the reaction in alcoholic solution. Analyses of the neutral 
product indicate that it has the formula C,,H,.O,, and since it yields the acidic product 
(III, R = CgH;) on treatment with alcoholic alkali, it is formulated as (II, R = C,H;). 
This reaction also confirms the position assigned to the ester groupin (III). This abnormal 
ease of fission of the substance (II, R = C,H;) and its failure to undergo ring closure to a 
cyclohexenone derivative are probably related phenomena. 

Some difficulty is attached to explaining the production of acidic substances of the type 
(III) in the yields recorded, for despite precautions for the exclusion of moisture during the 
reactions, these substances are always produced. It is suggested that substances of type (II) 
are initially formed, and that they give rise to the acidic substances (III) on addition of water 
to the reaction mixture. 

EXPERIMENTAL. 


Ethylideneacetone was prepared by Hibbert’s method (J. Amer. Chem. Soc., 1915, 37, 
1755), a crystal of iodine being added to hydracetylacetone (40 g.) and the material then heated 
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in an oil-bath at 155°. A mixture of ethylideneacetone and water slowly distilled. The product 
was salted out with potassium carbonate, dried with this agent, and distilled, the fraction, 
b. p. 119—125° (15 g.), being collected. 

Ethyl 2-Keto-4-methyl-A}‘*-octalin-10-carboxylate (I, R = Me).—A mixture of ethylidene- 
acetone (10-5 g.) and ethyl cyclohexanone-2-carboxylate (21 g.) was gradually added to an ice- 
cooled solution of potassium (4-6 g.) in dry alcohol (40 c.c.). After 12 hours, the mixture was 
diluted with water, acidified, and extracted with ether. The ether was evaporated from the 
dried neutral extracts, and the residue distilled ina vacuum. Ethyl cyclohexanonecarboxylate 
(9-5 g.) was recovered, and a fraction, b. p. 150—190°/1 mm., collected. On redistillation, this 
yielded a fraction (10 g.), b. p. 165—170°/1 mm., which crystallised gradually but not completely. 
The crystals were separated and recrystallised from light petroleum (b. p. 40—60°), forming 
colourless needles, m. p. 76° (Found: C, 71-1; H, 8-6; OEt, 19-1. C,,H,.O, requires C, 71-2; 
H, 8-5; OEt, 19-4%). 

Ethyl 2-Keto-4-phenyl-A}‘*-octalin-10-carboxylate (I, R = C,H,;).—Ethyl cyclohexanone- 
carboxylate (25 g.; 1-5 mols.) was added gradually to an ice-cold solution of potassium (3-9 g. ; 
1 atom) in dry alcohol (50 c.c.). To the resulting solution was then added, drop by drop, a 
solution of styryl methyl ketone (14-6 g.; 1 mol.) in alcohol (15 c.c.). After 12 hours, ether was 
added to the reaction mixture, the whole shaken with dilute sulphuric acid, and the ethereal 
layer separated, washed with alkali, and dried. After evaporation of the ether, the residue 
was distilled ina vacuum. Besides recovered ethyl cyclohexanonecarboxylate (12 g.), there was 
obtained a yellow distillate (20 g.), b. p. 215—220°/1 mm. A residue of polymerised styryl 
methyl ketone remained in the flask, and its quantity was not diminished by variation of the 
above procedure. The product crystallised on treatment with light petroleum and, recrystallised 
from this solvent or from alcohol, formed colourless elongated prisms (15 g.), m. p. 150° (Found : 
C, 76-7; H, 7-4. Cy, gH,.O, requires C, 76-5; H, 7-4%). 

Ethyl 2-Keto-4-p-methoxyphenyl-A'*-octalin-10-carboxylate (I, R = CgH,-OMe).—Under 
analogous conditions to the above, anisylideneacetone and ethyl cyclohexanonecarboxylate 
yielded this material as a viscous distillate, b. p. 235—240°/6 mm. It crystallised from light 
petroleum and from methyl alcohol in colourless needles, m. p. 112—113° (Found: C, 73-2; 
H, 7-2. Cy 9H,,O, requires C, 73-4; H, 7-3%). Neither this substance nor the preceding one 
was attacked by concentrated alkali or by concentrated hydrochloric acid on long boiling. Even 
sulphuric acid—acetic acid mixtures failed to effect hydrolysis. The usual ketonic reagents 
failed to yield ketonic derivatives. 

Condensation of Ethyl Potassiocyclopentanone-2-carboxylate with Styryl Methyl Ketone in 
Alcoholic Solution.—Styryl methyl] ketone (35 g.) was allowed to react with ethyl potassiocyclo- 
pentanone-2-carboxylate, prepared from the keto-ester (36 g.) and potassium (8 g.) in dry 
alcohol (150 c.c.), in the manner described for the above preparations. The reaction mixture 
was acidified after 12 hours and extracted with ether. From the ethereal extracts, sodium 
bicarbonate solution extracted an acid, which was isolated by acidification of the extracts and 
extraction with ether. On evaporation of the ether, the residue (29 g.) slowly solidified. It was 
very soluble in benzene and insoluble in light petroleum. Purification was best effected by 
dissolving the substance in methyl alcohol and cooling the solution in ice; the acid ethyl ester 
then separated in white needles, m. p. 126-5—127-5° (Found: C, 67-5; H, 7-5; equiv., 322. 
C,,H,,O; requires C, 67-5; H, 7-5%; equiv., 320). On crystallisation from acetic acid a second 
crystalline form, m. p. 110—111°, was obtained. The two forms are interconvertible. This 
substance is considered to be (III, R = C,H,). It yielded no ketonic derivatives, but gave a 
positive iodoform reaction. 

The methyl ethyl ester separated readily when the sodium salt of the above monoethyl ester 
was shaken with methyl sulphate in aqueous methyl-alcoholic solution. It crystallised from 
aqueous methy] alcohol in shining plates, m. p. 103—104° (Found: C, 68-1; H, 7-7. C,,H,,O, 
requires C, 68-2; H, 7-8%). 

a-(y’-Keto-a’-phenyl-n-butyl)adipic Acid (III, R= C,H,; H for Et).—Saponification of either 
of the above esters with caustic alkali led to a mixture of two substances, which was separated only 
with the greatest difficulty by fractional crystallisation from dilute acetic acid and aqueous 
alcohol. The less soluble product crystallised ultimately in prisms of hexagonal outline, m. p. 
173—174° (Found : C, 65-6; H, 6-8; equiv., 145. C,,H,.O, requires C, 65-6; H, 6-8%; equiv., 
146). The more soluble portion was finally isolated as colourless prisms, m. p. 231—232° with 
evolution of gas (Found: C, 65-3; H, 7-1%; equiv., 145). 

Ethyl Hydrogen «a-(y’-Keto-«’-p-methoxyphenyl-n-butyl)adipaie (III, R = CgH,-OMe).— 
Anisylideneacetone (9 g.) and ethyl cyclopentanone-2-carboxylate (8 g.) gave, under conditions 
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analogous to those above, a product from which sodium bicarbonate solution extracted acidic 
material (11 g.). This, recrystallised either from methyl alcohol or from light petroleum, 
separated in colourless matted needles, m. p. 121—122° (Found: C, 64-9; H, 7-4. C,,H.,0, 
requires C, 65-0; H, 7-4%). It was saponified to a mixture of isomerides as was the above 
analogue, but the mixture was not separated. In this condensation, as in that with styryl 
methyl ketone, the neutral portion of the product consisted of unchanged keto-ester, together 
with material of high and indefinite b. p., so contaminated with the polymerised ketone that 
nothing crystalline could be induced to separate. 

Condensation of Ethyl Potassiocyclopentanone-2-carboxylate with Styryl Methyl Ketone in 
Benzene Medium.—The potassio-derivative was prepared from potassium (8 g.) and ethyl 
cyclopentanone-2-carboxylate (44 g.; 1-4 mols.) in benzene (150 c.c.), and to it was added, with 
ice-cooling, a solution of styryl methyl] ketone (29 g.) in benzene (100c.c.). The reaction mixture 
was left for 2 days in the cold, during which time the potassio-derivative went largely into 
solution, and then poured into dilute hydrochloric acid. The benzene layer was washed with 
sodium bicarbonate solution and an acidic substance (9 g.) was obtained which proved identical 
with that obtained by carrying out the reaction in alcoholic medium. The neutral benzene 
layer was dried, the benzene evaporated, and the residue distilled ina vacuum. There resulted 
a mixture of cyclopentanonecarboxylic ester and styryl methyl ketone (43 g.) and a higher- 
boiling fraction which on redistillation gave a distillate (7 g.), b. p. 210—215°/4 mm. A very 
small residue of polymerised styryl methyl ketone remained in the flask. The higher-boiling 
material was treated with light petroleum and frozen for 12 hours at — 15°. Oil separated, but 
no crystallisation occurred. Partial crystallisation was induced, however, by adding a trace 
of benzene, when oily material dissolved. The crystals were collected and recrystallised from 
light petroleum (b. p. 75—95°), from which they separated again in prisms of rectangular outline, 
m. p. 88—89-5° (Found: C, 71:3; H, 7-3. C,,H,,O, requires C, 71-5; H, 7-6%). 

A quantity (0-1 g.) of the pure crystals was dissolved in alcohol, a few drops of aqueous 
sodium hydroxide added, and the whole left over-night. On acidification with dilute hydro- 
chloric acid, an acid separated, which was recrystallised from dilute acetic acid and proved 
(mixed m. p.) to be identical with the lower-melting form of (III, R = C,H,). 


The author thanks Prof. R. Robinson, F.R.S., for his interest in this work. 
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360. An X-Ray and Thermal Examination of the Glycerides. 
Part II. The a-Monoglycerides. 


By THoMAs MALKIN and MostTaFA RIAD EL SHURBAGY. 


ALTHOUGH numerous workers have studied the peculiar melting phenomena of the 
triglycerides, little attention has been paid to the similar behaviour of the monoglycerides. 
Fischer, Bergmann, and Barwind (Ber., 1920, 53, 1591) observed two solid modifications 
of «-monostearin and a-monopalmitin, but the only systematic study of the melting 
phenomena of monoglycerides appears to be that by Rewadikar and Watson (J. Indian 
Inst. Sct., 1930, 18, A, 128), who showed that. «-mono-laurin, -myristin, -palmitin, and 
-stearin exist in two solid forms and exhibit the property of ‘‘ double melting.” 

The present investigation, which followed the lines of that on the triglycerides (Clarkson 
and Malkin, J,, 1934, 666 *), confirms the above results and establishes also the existence 
of a third form. All the monoglycerides that we have examined (monodecoin to mono- 
stearin) exist in three solid modifications, é1z., a low-melting «-form (vertical rotating chains, 
m. p.’s non-alternating) and two higher-melting forms, §’ and 8 (inclined chains, m. p.’s 
alternating). When the molten glyceride is cooled, the «-form is the first to separate; 
this changes into a more stable 8’-form, which finally changes much more slowly into 
the stable @-form. The last is the form normally obtained by crystallisation from 
solvents. 


* Since an extended study of the glycerides is in progress, this paper is regarded as Part I of the 
series. 
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In the preparation of the monoglycerides, a considerable saving of time has been 
effected by a slight modification of Fischer, Bergmann, and Barwind’s method (loc. cit.), 
outlined below : 

ves OV cy 20 cy CH,°OH 
ooe ee OOM — CH-OH 
i pil CH,°O’COR CH,°0:COR 


Instead of using acid chlorides for the first stage, we carried out the esterification rapidly, 
and in good yield, by means of dry hydrogen chloride. It was found, too, in the final 
stage, that, although concentrated hydrochloric acid is satisfactory for the higher members 
(tridecoin upwards), yet with the lower members it tends to bring about complete hydrolysis 
to glycerol. In these cases, the zsopropylidene group is best removed by treatment at 
0° with concentrated hydrochloric acid saturated with calcium chloride. 

Attempts to prepare monoglycerides by the direct esterification of fatty acid and glycerol 
yielded mainly aa '-diglycerides, even when a large excess of glycerol was employed. Our 
experience with this method is entirely in agreement with that of Hilditch and Rigg (J., 
1935, 1774), who carried out a quantitative study of the reaction. 

In the synthesis of the odd-membered acids used in the work, we have also effected some 
economy in time by converting the nitriles directly into ethyl esters, thus avoiding a long 
and tedious hydrolysis with alkali. The conversion is brought about quantitatively by 
refluxing the nitrile with alcohol and slightly diluted sulphuric acid. Concentrated acid 
under the same conditions yields the imino-ester, which, like the nitrile, is comparatively 
resistant to hydrolysis. 

Thermal Examination.—For the cooling and the heating curves, 0-7—1 g. of mono- 
elyceride, in a small glass-jacketed tube, was placed in a Dewar flask filled with ice, or with 
water at a suitable temperature to give the required cooling and heating gradients. For 
many of the cooling curves the Dewar flask could be dispensed with, since room temperature 
provided a suitable gradient. Temperatures were recorded every half minute by means of a 
thermocouple and a sensitive recording millivoltmeter. 

The curves for monoundecoin are given in Fig. 1: AB (cooling to room temperature) 
shows the separation of the «-form, and BC the melting of the «, 8’, and 8-forms. If ice 
is used for the cooling curve, a second arrest is observed, BD, and the heating curve DE 
now rises to the m. p. of the 6-form, with, however, some indication of the presence of a 
trace of the $’-form. The arrest on BD therefore corresponds to the transitions into the 


g’- and the 6-form. 
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The above curves, and also those for monolaurin, which are closely similar, may be 
regarded as the ideal curves for the series. Curves for other members differ in a gradated 
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manner according to the length of the acid chain, since, as would be expected, changes of 
form are more rapid with shorter than with long chains. Thus, the « and the @’ arrest on 
the heating curve of monodecoin are less pronounced, owing to the rapidity of the changes 
a—> §’ and 8’——> 8. On the other hand, the corresponding arrests are more marked in 
the case of monotridecoin, and the final f arrest is slight. On ascending the series to myristin 
and monopentadecoin, the # arrest disappears, owing to the slowness of the change 8’ —-> 8. 
If, however, the specimen is first cooled very slowly (e.g., in a Dewar flask, initially filled with 
warm water), the latter change takes place to a greater or less extent, and the 8 arrest 
can then be observed. Alternatively, the change may be brought about by keeping the 
6’-form at a temperature near its m. p. for several hours. With still higher members, both 
the #’ and the § arrest are normally absent ; after very slow cooling, the 8’ arrest is usually 
observed, but the transition 8’ —> 8 can only be brought about by maintaining the 
temperature of the specimen in the region of the m. p. of the @’-form for several days. 

The cooling curves for the series are alike in showing two arrests. In all cases, the 
first represents the change liquid —-> a-form, but the changes at the lower arrest are more 
complex and, as indicated above, in the discussion of Fig. 1, are interpreted by a consider- 
ation of the subsequent heating curve. The transitions become less complex with increasing 
length of chain; for instance, from monodecoin to monolaurin, the heat evolution is 
considerable and corresponds to transitions into the §’- and the 8-form; from monotri- 
decoin to monopentadecoin, the arrest is less marked, and corresponds almost entirely 
to a transition into the §’-form, whilst for monopalmitin upwards, there is no appreciable 
formation of either of the B-forms, and the arrest appears to be due to a reversible transition 
into an intermediate modification, since a corresponding arrest now appears on the heating 
curve (Fig. 1, broken curve). 


Fic. 2. 





TABLE I. 


a-Monoglyceride. a-Form. f’-Form. £-Form. 

Decoin 27° 49° 53° (54°) 
Undecoin 36-5 52 56-5 
Laurin 44 (45) 59-5 63 (63) 
Tridecoin 50 61 65 
Myristin 56 (57) 67:5 70-5 (70) 
Pentadecoin 62 69 72 
Palmitin 66-5 (65) 74 77 ~—« (76) 
Heptadecoin 70 74-5 77 
Stearin 74 (74) 79 81-5 (82) 


Values in parentheses are due to Rewadikar and 
Watson (loc. cit.). The m. p.’s of the various forms 
can be determined by capillary methods, in the 
manner described for triglycerides (loc. cit.). 
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This intermediate form seems somewhat akin to a glass, in that, owing to a rapid increase 
in the viscosity of the solid, the molecules are prevented by too rapid cooling from orienting 
to form a regular crystal lattice. The same modification is produced to some extent when 
the lower members are subjected to a steeper cooling gradient (e.g., monopentadecoin and 
monomyristin, ice and salt being used), and conversely, for the higher members, a small 
gradient diminishes the amount formed and permits the transition into the §’-form. 





Co 
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Increasing length of chain naturally increases the viscosity of the solid, and favours the 
formation of this metastable semi-vitreous form. 

An interesting feature, observed only in the curves of monostearin, is the separation 
of the lower arrest into two distinct reversible arrests, differing by a few degrees, the first 
being considerably larger than the second. Any explanation now would be somewhat 
speculative, and this point is receiving further attention. 

The m. p.’s of the three forms of the monoglycerides and the temperatures of the lower 
arrests on the cooling curves are given in Tables I and II and plotted in Fig. 2. 

It is seen from the table that, for the «- and the $-forms,* our values and those of 
Rewadikar and Watson are in close agreement. According to those authors, the molten 
glyceride changes on cooling into the «-form, which, when heated, melts and then changes 
into the 6-form. They emphasise, however, that once the glyceride has been melted, it 
does not revert completely into the high-melting form, but always melts a few degrees 
lower, and for this reason they consider the transition «——> $8 incomplete. It is clear from 
our results that these low-melting forms were #’-forms. Thus, they found for monolaurin 
and monomyristin m. p.’s of 60° and 67° respectively, which compare well with those of 
our corresponding 8’-forms, viz., 59-5° and 67-5°. 

The failure of Rewadikar and Watson to observe the monodecoin transitions is not 
surprising, since, in the high temperatures of India, where their experiments were carried 
out, the changes would be almost instantaneous. 


TABLE II. 
Temp. of Temp. of Temp. of 
a-Monoglyceride. lower arrest. a-Monoglyceride. lower arrest.. a-Monoglyceride. lower arrest. 
Decoin 8° Tridecoin 9° Palmitin 34° 
Undecoin 3 Myristin 24 Heptadecoin 28 


Laurin 15 Pentadecoin 17 Stearin 47-5 
42 


The values for the lower members vary over a degree or two, and those for the higher members to 
a less extent, depending on the rate of cooling. The temperatures given are mean values. 


When plotted, the above temperatures fall on two similar curves (Fig. 2, broken curves), 
the curvatures of which are in the opposite.sense to those of the m. p. curves. This would 
appear to reflect the rapid rise in viscosity of the solid with increasing carbon content of the 
chain. If produced, the two series of curves would intersect in the neighbourhood of €y9, 
which suggests that, for higher members of the series, transitions from one form into the 
other would be so excessively slow as to be scarcely realisable. The alternation exhibited 
implies a greater mobility of the chains in the glycerides containing odd-membered acids, 
and affords an interesting link with the simple ethyl esters of these acids. These esters 
have been shown to assume the rotating «-form more readily than esters of even acids 
(Malkin, Trans. Faraday Soc., 1933, 29, 977). 

X-Ray Investigation.—This was carried out as previously described (Clarkson and 
Malkin, loc. cit.), ‘‘ pressed ”’ and “ melted ”’ layers being used. Both types of layer readily 
give long spacings, but appear to be particularly unfavourably oriented for the production 
of side spacings, which appeared rarely from pressed and less frequently than usual from 
melted layers. We were, however, able to obtain good photographs of side spacings by a 
simple and ingenious method due to Dr. Piper. The specimen was packed tightly into a 
stout-walled metal cylinder of 0-5 mm. diameter, closed at one end by a screw cap, and was 
ejected, after removal of the cap, in the form of a rod 1 cm. long. This was then mounted 
vertically in the path of the X-ray beam. 

The long spacings of the stable 8-form (pressed layers) are given in the following table 
and plotted in Fig. 3. They exhibit the normal linear relationship, the spacings of the 
glycerides of odd-membered acids being slightly longer in proportion than those of the even. 

* In this and previous papers the term a is used to denote the first form which separates from the 


melt, and f to denote the stable crystalline form. Rewadikar and Watson reverse the signification of 
the two letters, but in order to avoid confusion, we have used our terminology in the discussion o 


their results. . 
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The spacings are too long to correspond with the length of a single molecule, but, upon 
the usual assumption of a tetrahedral zig-zag carbon chain, they agree with a double 
molecule tilted at an angle of = 59°. ; 










Long spacings {A.) of the a-monoglycerides. 






No. of C atoms in acid 10. ll. 12. 13. 14. 15. 16. 17. 18. 
B’- and B-Forms ......... 32-9 35-2 37-3 39-6 41-5 43-8 45:8 48-2 50-0 
WP sanaetscnbionanses 37-2 40-2 43-2 46-2 —- 51:3 —- -—— 58-3 
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Long X-ray spacings of a-monoglycerides. 






The intercept of the curve on the axis at C = 0 gives a distance of 12 A. for the length 
occupied by the glycerol radicals and the two terminal hydrogen atoms at the opposite 
ends of the double molecule. This agrees well with the view that the two glycerol radicals 
are arranged in alinement with the acid chain, thus: 


CH, O CH-OH HOCH, CH, CO CH, 
Pa \Gi, XO \&, CH, oH HOCH SW: ‘NG, » ve 


The spacings obtained from melted layers depend upon the rate of cooling of the 
specimen and its temperature during the X-ray exposure. If, by means of a small heating 
element on the spectrograph mount, the molten glyceride is allowed to cool to a temperature 
just below the m. p. of the «-form and is then maintained at this temperature, the longer 
spacing of the vertical «-form is obtained (table, and Fig. 3), together with the long spacing 
of the $-form, transition into which is favoured by the high temperature. We experienced 
considerable difficulty in obtaining these spacings, owing to the small time and temperature 
range of stability, and were unable to maintain layers of palmitin and higher members 
sufficiently long in the a-form to obtain reliable photographs. Only the first order usually 
appears, and consequently the measurements are not of the same accuracy as those of the 
8-form, but probably the error is not greater than + 0-3 A. 

The long spacings of the 8’-forms were found to be identical with those of the $-forms, 
and were obtained from melted layers cooled at a suitable rate (7.e., quickly for lower 
members, slowly for higher). Owing to the rapid transitions Bp’ —> 8 of monodecoin 
and monoundecoin, it is possible that the spacings observed were actually those of the 6- 
forms, but there is no question of this with the higher members, since the two forms are 
easily distinguished by their side spacings. These are reproduced on the plate, Fig. 7 
showing the §’-form (3-86 and 4-24 A.) and Fig. 8 the 8-form (3-94 and 4-65 A.). 

The increasing rate of the transition 8’ —-> 8 with decreasing length of chain is well 
shown by the side spacings. From monopentadecoin upwards, the §’-form appears to be 







































agth 
osite 
icals 


the 
ting 
ture 
nger 
cing 
ced 
ture 
bers 
ally 
the 


rms, 
wer 
coin 
e B- 
are 


— 


well 











Long spacings of a-monoglycerides. 


a-Monolaurin, 





Fic. 4. ems 

Fic. 5. a-Monomyristin, 
mone B-form. 
Side spacings of a-monoglycerides. 

Fic. 6. a-Form changing 

% to B’-form. 
Fic. 7. p’-Form. 
Fic. 8. B-Form. 
Fic. 9. B’- and B-Forms. 





[To face p. 1632 











An X-Ray and Thermal Examination of the Glycerides. Part II. 1633 


indefinitely stable at room temperature, with monomyristin the transition takes place 
overnight, and with monotridecoin it proceeds during the X-ray exposure and both sets 
of side spacings appear (Fig. 9). 

Fig. 6 shows the side spacings of the «-form, consisting of a strong line (4:2 A.) associated 
with weak lines on either side. «-Forms of greater stability (e.g., ethyl esters of fatty acids) 
give the single strong line of 4-2 A., and occasionally this alone was obtained with the 
monoglycerides. The weak accompanying lines suggest that transitions into other forms 
are taking place during the exposure. 

The explanation of Fischer, Bergmann, and Barwind’s low-melting forms is clear from 
an examination of the side spacings. They obtained these by crystallising pure -forms 
of monopalmitin and monostearin rapidly from ether (ice), and we found that specimens 
treated in this manner gave side spacings of the «- and @-forms. In one experiment, 
using stearin, we were also able to detect the long spacing of the «-form. The latter would 
not be expected to consist of rotating molecules at room temperature, and is probably 
in the same “‘ frozen’ state as the stable «-forms of the triglycerides. A perfectly pure 
monoglyceride may therefore melt over a considerable range of temperature, unless it has 
been allowed to crystallise slowly. 

An interesting question arising out of the investigation is the nature of the solid between 
the two arrests on the cooling curves. The X-ray evidence shows that it is not the «-form, 
since this is stable only very near its m. p.; it cannot be the 6’-form, since the lower arrest 
on the cooling curve is reversible for the higher members, whereas the change « —-> f’ 
is irreversible. Presumably, therefore, the solid consists of aggregates of molecules in all 
intermediate stages from vertical rotating to tilted rigid (i.e., vertical oscillating, tilted 
oscillating) and possesses the mobility of the liquid crystalline rather than the crystalline 
state. It has been suggested (Malkin, Trans. Faraday Soc., 1933, 29, 977) that the vertical 
rotating form is typical of liquid crystals, and it seems not improbable that this form and the 
less mobile vibrating form correspond with the nematic and the smectic state respectively. 
The two states are not very precisely defined, but it is accepted that the smectic is inter- 
mediate between the nematic and the crystalline state, and that substances in the nematic 
state behave as uniaxial crystals. 

The liquid-crystalline properties of the monoglycerides may be observed under a 
polarising microscope, fitted with a heating stage. The glyceride is melted on a slide, 
covered with a slip, and placed on the heated stage at a temperature just below the m. p. 
of the «-form. With crossed nicols, there appear dark greyish pools which give a strong 
uniaxial interference figure. These usually disappear within a few minutes, and the 
specimen assumes a variety of irregular shapes, typical of the smectic state. Finally, 
with the lower members, particularly if the specimen is allowed to cool slightly, a further 
change is observed as crystallisation in the #’- and the 8-form sets in. Considerable 
patience and repetition is often required in order to observe the uniaxial form, which we 
found for all glycerides from monodecoin to monopentadecoin, but the smectic form is 
readily observed for the whole series. 

The smectic form of monopalmitin and higher members changes on cooling into a 
vitreous form, the molecules of which are at a much lower potential than is the case with a 
typical glass, since the heat evolution during transition is considerable. This would be 
expected owing to the fact that typical glasses are formed by a transition from a much 
more disordered state (t.¢., liquid). The reversibility of the change smectic —-> vitreous, 
which is not typical of a glass, is probably due merely to the excessively slow rate of 
crystallisation of the 8-forms of the higher members. 

X-Ray photographs of the vitreous form, obtained by rapid cooling, show a single 
diffuse side spacing of 4:2 A. With slower cooling, this is accompanied by weak long 
spacings of the $’-form. 

EXPERIMENTAL. 


The even-membered acids used were Kahlbaum’s purest, submitted to a further purification 
by fractionation of the ethyl esters. Odd-membered acids were synthesised from pure alcohols 
(Fraenkel and Landau) via the iodide, nitrile, and ethy] ester. 
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Conversion of Nitriles into Ethyl Esters—A mixture in the proportion of 1 g. of nitrile, 1 c.c. 
of water, 3 c.c. of concentrated sulphuric acid, and 9 c.c. of alcohol is refluxed for several hours, 
the progress of the reaction being followed by observing the ester layer which separates to the 
surface. When this no longer appears to increase, refluxing for a further hour usually completes 
the reaction, a good indication of the success of which is a deposit of ammonium sulphate on 
cooling. The ester layer is separated, taken up in ether, washed free from acid, dried (sodium 
sulphate), and purified by distillation. The yield is almost quantitative. With a higher 
proportion of acid, the imino-ester is also produced, and with a higher proportion of water, the 
conversion into ester is slow and incomplete. 

«aB-isoPropylidene Glycerol (Acetone Glycerol).—Dry hydrogen chloride is passed into a mixture 
of 100 g. of glycerol and 200 c.c. of acetone for a few minutes, until the two layers of liquid 
become homogeneous. The slightly warm liquid is shaken with a good excess of lead carbonate 
to remove hydrogen chloride, filtered, and dried over anhydrous sodium sulphate. After 
removal of excess acetone on the water-bath, the product is distilled in a vacuum over a small 
amount of silver oxide. It is important to remove as much hydrogen chloride as possible 
before the final distillation; b. p. 75°/4 mm.; yield 110—120 g. 

The above method is a modification of that of Fischer and Pfahler (Ber., 1920, 53, 1607), 
who shook together for 12 hours a mixture of 100 g. of glycerol, 600 c.c. of acetone containing 
1% of hydrogen chloride, and 40 g. of anhydrous sodium sulphate. We found that the amount 
of acid required was not sufficiently critical to necessitate making up a 1% solution; moreover, 
the large excess of acetone and the use of sodium sulphate did not appear to be advantageous. 

a-Monopalmitin.—Dry hydrogen chloride is passed into a mixture of 5 g. of palmitic acid and 
5 g. of isopropylidene glycerol, warmed just sufficiently to melt the acid. After a minute or two, 
the mixture becomes cloudy, slowly separating into two layers, and the reaction is completed 
by passing the gas for a further } hour. After cooling, the product is treated with 20 c.c. of 
ether, and poured into a 250 c.c. bottle, standing in ice; the sluggish residue, which appears to 
be glycerol, is washed by decantation with a further 20 c.c. of ether. 40 C.c. of ice-cold con- 
centrated hydrochloric acid are now added slowly with shaking, and the solid monoglyceride 
begins to separate. The separation is usually complete after 4 hour’s shaking, and after addition 
of 150 c.c. of ice-cold water with vigorous shaking, the palmitin is filtered off at the pump, and 
crystallised from ether; yield 5 g., m. p. 77°. 

The above method can be used for the glycerides of tridecoic acid upwards, but for the lower 
members, the yields become progressively smaller, owing to the further hydrolysis of the 
monoglycerides, due probably to their increasing solubility. For the lower members, we used 
concentrated hydrochloric acid saturated with fused calcium chloride for hydrolysis, and 
obtained yields of 60—80%. 

a-M onodecoin.—Dry hydrogen chloride is passed into a mixture of 3 g. of decoic acid and 5 g. 
of isopropylidene glycerol for 15 minutes. After cooling, the product is washed into a stoppered 
bottle with 35 c.c. of ether, and is shaken vigorously for 2 minutes (ice-cooling) with an ice-cold 
solution of 8 g. of fused calcium chloride in 20 c.c. of concentrated hydrochloric acid. The 
product, which is now solid owing to the separation of monoglyceride and calcium chloride, is 
treated with a good excess of ice-cold water, and the monoglyceride extracted with ether. After 
being washed free from acid, and dried (sodium sulphate), the ether is removed, and the residue 
crystallised from light petroleum (b. p. 40—60°; ice); yield 2-5 g. 

All the monoglycerides crystallise well in glistening, thin, flat prisms. For the lower members, 
light petroleum is a good solvent, and for the higher, ether or hexane. 

Analytical data are given for the monoglycerides of odd-membered acids, which do not appear 
to have been previously prepared: monoundecoin (Found: C, 64:8; H, 10-9. C,,H..O, 
requires C, 64-6; H, 10-8%); monotridecoin (Found: C, 66-6; H, 11-3. C,,H,,0, requires 
C, 66-6; H, 11-2%); monopentadecoin (Found: C, 68-1; H, 11:5. C,,H 3,0, requires C, 68-3; 
H, 11-4%); monoheptadecoin (Found: C, 69-85; H, 11-8. CygH,y gO, requires C, 69-8; H, 
11-7%). 4 
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361. The Stereochemistry of Quadricovalent Atoms: Tervalent Gold. 
By E. G. Cox and K. C. WEBSTER. 


No attempt has apparently been made to determine the configuration of a quadricovalent 
compound of gold ; we have now carried out an X-ray examination of potassium auribromide 
dihydrate, K[AuBr,],2H,O, and find that the ion [AuBr,]’ possesses a planar configuration. 
The work of Gibson and his collaborators has shown that the co-ordination number of 
tervalent gold in complex compounds is almost invariably 4; in agreement with this, 
the X-ray evidence shows that the water in the auribromide is held merely as water of 
crystallisation, 7.e., that the substance has the above constitution and does not contain 
the sexacovalent complex [AuBr,,(H,O),]. Tervalent gold must thus be added to those 
elements which can exhibit a planar distribution of valencies in their quadricovalent 
derivatives; it appears to be the first example of a metal other than bivalent in this 
category. 

Potassium auribromide crystallises in dark red, elongated, monoclinic, holohedral 
prisms. The unit cell has dimensions a = 9-51, b = 11-93, c = 8-46 A., with B = 94° 24’, 
and thus contains four molecules of KAuBr,,2H,O, the space-group being P2,/n (C3,). 
In addition to the space-group halvings, however, it is found that all planes having / odd 
are extremely weak; i.¢., on the rotation photograph about the c-axis the odd layer lines 
are very nearly absent, so that unless close inspection is made, the length of the c-axis 
appears to be 4:23 A. Since the intensity of the strongest (hk2n + 1) reflection is not more 
than one-fiftieth of that of (004) (Table I), we have felt justified in adopting a smaller 


TABLE I. 


hkl. F(obs.). F(calc.). hkl. F(obs.). F(calc.). hkl. F(obs.). F(calc.). Akl. F(obs.). F(calc.). 
200 003 53 45 040 8 220 62 74 
400 004 21 9 060 66 330 93 115 
600 202 <13 5 080 71 440 * 57 84 
800 410 <10 7 0100 77 550 2 


4 
001 401 <10 14 110 60 402 <16 14 
002 020 50 63 


unit cell containing two molecules for the purpose of the structure determination. In 
the following discussion, therefore, the cell dimensions are taken as a = 9-51, 6 = 11-93, 
c = 4-23 A., and the space-group as P2,/a (C3,). In this cell the space-group conditions 
require each gold atom to lie on a centre of symmetry, with four bromine atoms in a plane 
around it. 

If one gold atom is placed at the origin of co-ordinates (000), the other lies at ($40). 
With such an arrangement it is to be expected that all planes for which / + k is odd will 
be weak, since the contributions of the two gold atoms to the structure factors of such planes 
will cancel each other; in accordance with this it is observed that the rotation photograph 
about the [110] axis shows weak odd layer lines. The potassium ions lie on symmetry 
centres, either ($00) and (040), or (303) and (034), while the bromine atoms are divided 
into two sets of four on general positions. The four equivalent oxygen atoms also lie on 
general positions, so that nine parameters in all are required to determine the structure. 
These parameters have been found by means of absolute intensity measurements, the 
atomic positions being adjusted by trial to obtain the best possible agreement (Table I) 
between the calculated structure factors, F (calc.), and those obtained from the absolute 
intensities, F (obs.). The atomic co-ordinates finally deduced in this way are as follows, 
only those for the representative bromine and oxygen atoms near the origin being given ; 


Au (000) (340) Br, (0-189, 0-104, 0-355), etc. 
K (404) (044) Br, (0-142, 0-168, 0-130), etc. 
O (0-09, 0-28, 0-20), etc. 
(Owing to its relatively small scattering power, the oxygen atom cannot be fixed with the same 
accuracy as the other atoms.) 
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Calculations show that if the co-ordinates of the five atoms in the [AuBr,] complex 
are varied independently, variations of 0-01 from the above co-ordinates lead to 
appreciable discrepancies between observed and calculated F values. We may there- 
fore conclude that the displacement (if any) of an atom in the complex ion from the 
plane of the other four is less than 0-2 A. The intensity measurements thus confirm 
the deduction from space-group consider- 
ations that to a very close approximation 
the ion [AuBr,]’ is planar. 

A projection of the structure on the 
(001) plane is shown in the figure, and 
the principal (minimum) atomic distances 
are recorded (in A.) in Table II. The 
complex ion [AuBr,] is clearly shown; 
as would be anticipated the Au-Br 
distances, owing to the existence of 
covalent bonds, are considerably less 
than any others in the structure. There 
is evidently no question of co-ordination 
between the water molecules and the 
gold atoms. 


~ 
wiel 











TABLE IT. 


2-65 Br-Br 334 Br-O 30 
Au-Br, 248  Au-O 3-6 K-O 31 
3-26 








We have also examined potassium 
aurichloride, KAuCl, On account of 
ia) difficulties in the measurement of intensi- 
ties, the structure has not been deter- 
mined in detail, but the general nature 

of the halvings suggests that the ion [AuC],] is probably planar. 





EXPERIMENTAL. 


The X-ray data were obtained in the usual manner from single crystals, copper-K « radiation 
being used. The measurement of the absolute intensities and the calculation of the structure 
factors were carried out as previously described (this vol., p. 775). 

Potassium auribromide dihydrate. The commercial salt was recrystallised from ethyl 
alcohol (Found: K, 6-80; Au, 33-43. KAuBr,,2H,O requires K, 6-61; Au, 33°32%). The 
monoclinic crystals are elongated parallel to the c-axis, and exhibit the forms a{100}, b{010}, 
c{001}, m{110}, of111}, and s{102}; their habit and the absence of pyroelectric effects show that 
they are to be assigned to the prismatic class. This salt is erroneously described by Muthmann 
and by Schottlander (Groth, ‘‘ Chemisches.Krystallographie,” Vol. 1, 442) as anhydrous. The 
cell dimensions are as given above, whence a:b: ¢ = 0-797: 1:2 x 0-355 [cf. 0-797 : 1 : 0-361 
(Groth, op. cit.)], and with four molecules in the unit cell d (calc.) = 4-08 g./c.c. (obs., 4-1 approx.). 
The abnormal spacings are {040} absent for k odd, and {h0/} absent for h + / odd, so that the 
space-group is P2,/n. In addition, all planes with / odd are very weak. The crystals have 
very high birefringence and appear to be optically negative; the minimum refractive index is 
1-67 inclined at 20° to [c] in the acute angle 8. This direction is approximately perpendicular 
to the mean plane of the AuBr, groups. 

Potassium aurichloride. In contrast tothe bromide, the aurichloride dihydrate recrystal- 
lises anhydrous from ethyl alcohol (Found: Au, 51-4; K, 10-1. Calc.: Au, 52-2; K, 10-4 %). 
It occurs in golden-yellow monoclinic combinations of a{100}, c{001}, and m{110}; its holohedral 
symmetry is shown by its habit and the absence of pyroelectric effects. The cell dimensions 
are a = 12-18, b = 6-35, and c = 8-67 A., with 8 = 95° 24’, whence a:b: c = 1-916: 1: 1-364 
(cf. 1-918: 1: 1-361 (Groth, op. cit.)]._ With four molecules in the unit cell, d (calc.) = 3-75 
g./c.c. (obs., 3-3—3-9). The abnormal halvings are {0k0} absent for & odd, and {h0/} absent for 
h odd, so that the space-group is P2,/a. As with the bromide, both the c-axis and the [110] 
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axis show weak odd layer lines, although not so markedly, and it is therefore probable that 
the symmetry of the [AuCl,]’ ion approximates to C,y, 1.e., that it is planar. With crystals 
having such high absorption (u = 618 cm.-') accurate measurement of intensities is only pos- 
sible from developed or ground faces, and in this case it was not possible to obtain sufficient 
measurements to determine the structure in detail. 


SUMMARY. 


The structure of potassium auribromide dihydrate has been determined by X-ray 
methods. The tervalent gold atom in the quadricovalent ion [AuBr,]’ exhibits a planar 
distribution of valencies. 


We are indebted to H.M. Department of Scientific and Industrial Research for a grant 
to one of us (K. C. W.). 
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362. Direct Introduction of Deuterium into the Aromatic Nucleus. Part I. 
Qualitative Comparison of the Efficiencies of Some Acidic Deuterating 
Agents and of the Influence of Some Aromatic Substituents. 


By CHRISTOPHER K. INGOLD, CLIFFORD G. RAISIN, and CHRISTOPHER L. WILSON. 


THE logical commencement of the researches to be described in this series has already 
been published, first as a brief note (Nature, 1934, 134, 734), and then somewhat more fully 
in connexion with our work on the stereochemistry of benzene (this vol., p. 915). It 
consisted in showing that sulphuric acid containing deuterium can be used in order to 
introduce this isotope into the benzene molecule. 

Consideration of the electronic classification and general chemical behaviour of the two 
participants in this exchange reaction led us to the view (Nature, 1934, 134, 847) that 
it was probably identical in mechanism with ordinary electrophilic substitutions; we 
formulated it thus : 

_-y C.H,;D + H,SO, 


+> +D>0S0Q,H —> € >So 0S0,H < 


The implications of this hypothesis have not yet been discussed in any detail, although 
we have given reasons for our disbelief in other suggested mechanisms (loc. cit.; this vol., 
p. 917). The work now to be described is largely based on a consideration of the theoretical 
requirements of the mechanism advanced. 

The most critical group of requirements is that the deuteration of the substitution 
products of benzene by acidic reagents such as sulphuric acid should follow the known 
rules for orientation and velocity in electrophilic aromatic substitutions (Ingold, Rec. 
trav. chim., 1929, 48, 797). To take a few examples, the substituents ‘SO,H and -NO, 
should strongiy retard deuteration, but in the event of its occurrence should direct it to 
the m-positions; the groups -Cl and -Br should retard deuteration, but direct it to the 
o- and p-positions ; -Me should accelerate deuteration, moderately for the o- and p-positions 
but only slightly for the m-positions; *OMe should considerably accelerate deuteration in 
the o- and #-positions and slightly retard it in the m-positions; *NMe, should strongly 


accelerate deuteration, but only in the o- and #-positions; and *O should do the same 
more strongly still. Reference to the paper cited will show that many definite predictions 
could be made. 

A second group of theoretical requirements relates to the relative efficiencies of different 
deuterating agents : for any given benzene derivative the deuterating efficiencies of different 
acid reagents should increase with the hydrion-donating * power of the reagent. For 

* We reserve the term hydrion to connote a hydrogen nucleus no matter whether it is a proton or 
a deuteron; the ion H,O is called the hydroxonium ion. 
5M 
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+ 
instance, the series H.SO, > H,O > HOAc> H,0 represents hydrion-donating power, as one 
can easily see by considering which of any two neighbouring members would preferentially 
transfer a hydrion to some suitably chosen weak base. Our hypothesis requires that,+if 
the entities formulated contain deuterium, the above series will represent their deuterating 
efficiencies. 

This paper records part of a preliminary survey of the experimental enquiries suggested 
by these two sets of deductions. The survey will be extended and followed by more 
detailed investigations of those parts of the field which promise to repay fuller study. 
Our object hitherto, however, has been to discover whether the broad qualitative relation- 
ships fit in with the mechanistic picture we have advanced. We consider below the follow- 
ing aromatic substituents and deuterating agents : 


Substituents e+e++-*SO3H, (*H), “OMe, *NMeg, *O 
+ 
Reagents H,SO,, H,SeO,, (HNO,), H;0, HOPh, H,O 


The results are first described, and then summarised in the form of comparative statements 
about the substituents and deuterating agents. 


Results. 


Benzene.—Hydrogen exchange occurs with sulphuric acid, and less readily with selenic 
acid. A selection of results is given in Table I, the headings of which are self-explanatory. 
The figures show that, with sulphuric acid of 62 mols.% concentration, deuteration nearly 
reaches equilibrium in the course of one day at room temperature. Two experiments are 
included in which equilibrium was fully attained, and the results illustrate our finding 
that the deuterium partition-ratio * is approximately unity. As already reported, sulphon- 
ation in general accompanies deuteration, but the former reaction is the more effectively 
suppressed by the addition of water. With selenic acid of 65 mols. % concentration as 
reagent, deuteration is still far from its equilibrium value after 6 days at room temperature. 
With nitric acid of various concentrations, either without a solvent or in the presence of 
sufficient acetic acid to render the mixture with benzene homogeneous, no deuteration 
could be observed although nitration took place; it seems impossible to cause deuteration 
to precede nitration. Aqueous hydrochloric acid does not deuterate benzene. 


TABLE I. 
Excess density (p.p.m.) of 





Atoms Hin Concn. of aq. acid Time at Benzene H,O in H,O+SO, (SeO,). H,O from 
acid per mol. (mols. %H,SO, roomtemp. sulphonated ,- A =“ 
of C,H. or H,SeQ,). (hours). (%)- Initl. Final (diff.). C,H. 
Sulphuric acid 

6 , 3 20 2165 2082 83 

6 . 24 20 2165 1215 950 

6 . 24 4 1215 1014 201 

6 : 24 0 2165 2157 8 

6 . 120 0 2165 2165 0 

18 . 108 50 2193 1613 1741 

18 . 108 10 2183 1616 1698 


Selenic acid. 
l 64:8 144 a 2300 1960 340 
1 57-2 216 — 1600 1500 100 





Benzenesulphonic Acid.—We have already published observations (this vol., p. 917) 
showing that benzenesulphonic acid undergoes no perceptible deuteration with sulphuric 
acid under conditions in which the deuteration of benzene proceeds to equilibrium. 


* The “ partition-ratio” is the proportion at equilibrium of deuterium in the exchangeable 
hydrogen of the organic compound, divided by the proportion in the exchangeable hydrogen of the 
reagent. In the limit of low deuterium concentrations, this is evidently the same as the “‘ equivalent 
equilibrium constant ”’ which has elsewhere been defined as the deuterium/protium ratio in the exchange- 
able hydrogen of the organic compound divided by the corresponding ratio for the exchangeable hydrogen 
of the reagent. 





ee ek oe ee) ee 6 Ue ee oe Ok oe oe oe OU mee ee OM kc. 


Direct Introduction of Deuterium into the Aromatic Nucleus. PartI. 1639 


Anisole.—Results for the deuteration of anisole with sulphuric acid are given in Table 
II, the headings of which explain themselves except that of the last column. The figures 
under this heading represent the statistical average number of positions in the anisole 
molecule which we calculate to have undergone exchange under the assumption of equil- 
ibria governed for each position by a deuterium partition-ratio of unity.* This ratio 
has been shown to be nearly unity in the case of benzene, and therefore it must be nearly 
unity for the nuclear positions of anisole, since it is determined essentially by vibration 
frequencies which are not much influenced by the substituent. Our results show that 
the exchange reaction with anisole proceeds at first very rapidly, but only with respect to 
three positions; when this rapid reaction has ceased, deuteration continues, but very 
much more slowly. We assume that the rapidly exchanged atoms are those of the o- and 
p-positions, whilst the slowly substituted ones are those of the m-positions; the rate 
relations are then as we should expect from the theory of the substitution. Orientation 
experiments on such products of directed deuteration are being carried out and will be 
discussed in another connexion. Aqueous hydrochloric acid, which has no effect on 
benzene, slowly deuterates anisole. The results showing this are included in Table III 
for comparison with corresponding data relating to dimethylaniline. Anisole is not 
deuterated by neutral water, and even 1:3: 5-trimethoxybenzene was unaffected by 
heating with ‘‘ heavy ” water for several weeks at 100°. 


TABLE ITI. 
Deuteration of Anisole with Sulphuric Acid. 


Concn. of initial aqueous acid = 54:5 mols. %. Excess density of H,O in initial 
H,O + #SO, = 2343 p.p.m. 
Excess density (p.p.m.) of H,O 
Atoms H in Time at Anisole P A , Statistical 
acid per mol.of roomtemp. sulphonated in H,O + #SO, from combustion exchange 
PhOMe. (hours). (%). (final, by diff.). of PhOMe. number. 

3-93 6 6 1370 478 2-8 

4:07 84 30 1334 514 3-1 

3-95 168 >30 1239 546 3°5 





Dimethylaniline.—This substance has been deuterated by means of aqueous hydro- 
chloric acid under the conditions specified in Table III. Salt formation occurs, with the 
result that, of the two reacting entities, which we assume to be the hydroxonium ion 
and the free dimethylaniline base, one is always present in necessarily low concentration. 
This being taken into account, it is apparent from the figures of Table III that the exchange 
reaction between dimethylaniline and hydroxonium ion has a greater specific rate than the 
corresponding reaction of anisole. The observed rate of reaction of dimethylaniline 
appears to have the same sort of magnitude no matter whether the hydrochloric acid is 


TABLE III. 


Deuteration of Anisole and Dimethylaniline with Aqueous Hydrochloric Acid. 


Excess density of H,O corresponding to total H in initial HCl + yH,O = 2165 p.p.m. 
Time at G.-mols. Excess density of 
R in room temp. , ™ , combustion water 
C,H,R. (days). HCl. H,O. C,H,R. (p.p.m.). 
5 0-20 0-90 0-50 
OMe { ll 0-20 ‘ 0-28 
{ 9 0-20 . 0-24 
48 0-20 ‘ 0-24 
| 7 0-20 . 0-08 


in small stoicheiometric deficit or in considerable excess with respect to the base, and this 
is what we should expect from the operation of the mass law for a reaction between the 





NMe, 


* We may define “ statistical exchange number ”’ in a more general way as the number of hydrogen 
atoms calculated to have undergone exchange under the assumption that an equilibrium is established 
which is governed by an “ equivalent equilibrium constant ” of unity (see footnote p. 1638). In the 
limit of low deuterium concentrations the definition in the text is equivalent. 
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free base and hydroxonium ions. The low concentrations of free acid which are effective 
in the exchange make it impossible to suppose that un-ionised hydrogen chloride is 
concerned, and we know that the exchange is not to be attributed to the action of 
water molecules on the base, special experiments having shown that this reaction is 
quite inappreciable. 

Phenol.—This substance rapidly exchanges one hydrogen atom, presumably that of the 
hydroxyl group, with water alone; the deuterium partition-ratio is about 1-08. The 
reaction has previously been observed by Harada and Titani (Bull. Chem. Soc. Japan, 
1935, 10, 554; 1936, 11, 465), who obtained almost the same partition-ratio (1-07 -+ 0-05). 
It should be said that, as this exchange is rapid, no method of separating the phenol for 
isotopic analysis can be guaranteed not to disturb the deuterium distribution. The 
Japanese authors used extraction with carbon tetrachloride. We employed distillation 
or extraction with ether alternatively, in the belief that the error due to the latter method 
would be different from, and probably much less than, that of the former, so that by 
comparing the results one could estimate the seriousness of the disturbance. It does not 
appear to be serious in the case of phenol, since the results agreed closely, as is shown in 
the first two lines of Table IV.* 

We have further observed that in the presence of alkali three more hydrogen atoms, 
presumably those of the o- and p-positions, become exchangeable, although more slowly. 
Calculated over all four exchangeable atoms, the deuterium partition-ratio is close to 
unity. These statements are illustrated in the last three lines of Table IV. 


TABLE IV. 


Deuteration of Phenol by Means of Water and Aqueous Alkali. 
Excess density (p.p.m.) of 


Mols. Method ‘H,O in H,O++Na,0. H,O _ Statistical 





Time - A —, of separ- — from exchange 
(days). Temp. PhOH. H,O. NaOH. ation. Initial. Final (diff.). PhOH. number. 
0-6 25° 0-281 0-552 — D 2165 1705 301 1-06 
20 25 0-271 0-554 — E 2165 1710 310 1-09 
14 50—60 0-289 0-554 0-128 E 1941 1268 480 2-3 Tf 
3 "= \ 0-223 0-553 0148 E 1910 1093 766 4-2 
44 100 \ os 55 14! > 5¢ 5 . 
+ 10 25 j 0-263 0-554 0-143 E 1916 1053 685 3-9 








Note: D = Distillation. E = Extraction with ether. 
+ Not in equilibrium. 


In our first consideration of the question of which entities could be concerned in the 
nuclear deuteration, we set down the four possibilities (1) HO + PhOH, (2) OH + PhOH, 


(3) H,O + PhO, (4) OH + PhO, and expected to establish the correctness of (3). 
Mechanism (1) was excluded by the fact that alkali was necessary for the nuclear exchange. 
In order to distinguish (4) from (2) and (3) we carried out two experiments with reagents 
in the approximate proportions PhOH + 2NaOH and PhOH + 3NaOH. On passing 


from the first of these to the second, [PhOH] is halved, [PhO] remains stationary, and 


[OH] is doubled, so that for mechanisms (2) and (3) the speed should remain unchanged 
whilst for (4) it should be doubled. Actually, it was appreciably reduced, and this led us 
to a fifth possibility, which we ought to have foreseen would be the most important, v7z., 


(5) PhOH + PhO. 
The characteristic feature of this mechanism is that the speed of deuteration should 
pass through a sharp maximum when the reagents are in the proportion PhOH + 4NaOH. 
* If only one hydrogen atom is exchangeable, the statistical exchange number is the same as the 


deuterium partition-ratio in the limit of low deuterium concentration; if atoms are exchangeable 
the exchange number is » times the partition-ratio in the same limit. 
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The results in Table V show that there is indeed a strong maximum somewhere in this 
neighbourhood. 

In explanation of the table it must be noted that, as we were concerned only with 
nuclear deuteration, we wished to avoid the complications arising from the introduction 
of deuterium into the side group; therefore, the phenol was isolated as anisole by methyl- 
ating it with methyl sulphate under standard conditions; the excess densities recorded 
in col. 8 are those of the water of combustion of the anisole thus formed, and the very 
small correction (< 6 p.p.m.) necessary to allow for the deuteration which occurs during 
methylation has been applied. From these excess densities we can calculate those of 
water corresponding to the hydrogen in the three exchangeable nuclear positions, and 
these values are in col. 9. 

It seemed necessary to have some aid to the comparison of these values, although, 
as a kinetic analysis of a trideuteration, which must consist of several simultaneous chains 
each of three consecutive reactions, is obviously out of the question, any numerical device 
designed to assist a comparison of rates must necessarily be arbitrary. Some of the 
experiments enable us to calculate the deuterium partition-ratio for the three exchangeable 
nuclear positions taken collectively; these ratios are in col. 12. From the mean of these 
partition-ratios (0-90) we can calculate the excess density of water corresponding to the 
hydrogen which would be in the three exchangeable positions in each case at infinite 
time. These figures are in col. 10, and comparison with the numbers in col. 9 indicates 
the extent to which the reaction has proceeded at the times stated. As these times are 
not always the same, and we do not know the precise rate law, we have where possible 
calculated a rate ‘‘ constant ”’ on the arbitrary assumption that the rate law approximates 
to the exponential form which it would have if the process were a single-stage one. These 
“constants” are in col. 11; it will be understood that they are intended for qualitative 
comparison only, and have no precise chemical meaning. 


TABLE V. 


Rate of Deuteration of Phenol at 100° by Means of Aqueous Sodium Hydroxide. 


Excess density (p.p.m.) in H,O 
from H in: 


All reactants Exchangeable Rate 
less NaOPh. nuclear H. ““con- Deuter- 
G.-mols. Ratio Tig, . penton, pti, tan” ium 
¢ A — NaOH t Final At t=o (10-, partition 
PhOH. H,O. NaOH. PhOH. (hrs.). Initial. (diff.). PhOMe. t. (calc.). hrs). ratio. 
0-169 414 0-303 1-79 96 2048 2029 123 328 1758 2-15 —_ 
0-154 4:14 0-437 2-82 96 2021 2010 77 205 1745 1-30 — 
0-161 4:14 0-220 1:37 96 2070 2035 236 629 = 1781 4-54 ane 
0-161 411 0-162 1-00 96 2083 1981 678 1808 — — 0-91 
0-163 4:14 0-077 0-47 96 2105 2003 682 1815 — —_ 0-91 
0-168 4-14 0-171 1-02 18 2080 2029 326 869 1784 37-1 — 
0-168 414 0-040 0-24 24 2112 2006 670 1787 — >100 0-89 
0-170 3-41 0-000 0-00 22 2113 2112 4 11 =1791 0-28 —_— 
(Mean) 0-90 








One other conclusion may be drawn from the figures, viz., that, accompanying reaction 


(5) (PhOH+ PhO), there is a much slower reaction, which we presume to be (3) (H,O+ PhO). 
If mechanism (5) operated alone, the speed of deuteration should fall practically to zero 
in the presence of slightly more than 1 equiv. of sodium hydroxide; actually, it falls 
to a small finite value, which only slowly diminishes as the relative amount of sodium 
hydroxide is increased. This residual rate we take to be due essentially to mechanism 
(3); and here we are guided by theory, as there is nothing in the observations which 
excludes mechanism (2). The slow diminution referred to shows that mechanism (4) is 
absent, since this reaction would require an increase. 

The predominance of reaction (5) should have been anticipated from our general theory, 
which requires the most rapid reaction to be between the most electrophilic (in this case 
acidic) deuterating agent and the most nucleophilic aromatic compound; evidently phenol 
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(containing PhOD) is the taost acidic deuterating agent present in the system, whilst the 
phenoxide ion is certainly the most nucleophilic aromatic compound. 


Discussion. 
The results described in the foregoing section may be summarised in the following 
scheme, which represents the relative deuterating efficiencies of reagents, and the be- 
haviour of aromatic substituents in retarding or facilitating deuteration : 


PhH H,SO,>H,0, H,O 
H,SO,>H,SeO, (>HNO,) 

rt 
PhOMe = H,SO,>H,O>H,0 


+ 
PhNMe,  H,O>H,0 . 
7 _ | with H,o: -NMe,<-0 
PhO PhOH>H,0>0HJ 


The position of nitric acid in the scheme is uncertain from an experimental point of 
view. Theoretically we expect it to fall below sulphuric acid and above the hydroxonium 
ion in the deuterating efficiency series; but deuteration with the three reagents mentioned 
is sought or observed against different backgrounds—sulphonation in one case, nitration 
in another, and no competing reaction in the third—and this makes it impossible to base 
on the absence of any observed deuteration with nitric acid a definite conclusion regarding 
the relation of its deuterating efficiency to that of the other reagents. 

By making the probable, although unproved, assumption that the deuterating efficiency 


of the hydroxonium ion is greater than that of phenol (H,O > PhOH), we can digest the 
above summary still further as follows : 


- With H,SO, : -SO,H<-H<-OMe 


With H,0: -OMe<-NMe, 


Aromatic substituents O> *"NMe, > ‘OMe > :H > °SO,H 


Deuterating agents H,SO, > H,SeO, > H,O > PhOH > H,0 > OH 


These series agree well with what we should expect from our conception of the deuteration 
as an electrophilic aromatic substitution of the ordinary type—the only essentially special 
feature being that the reagent attacks through hydrogen, 1.e., that its electrophilic functions 
are in this particular case acidic functions. 


EXPERIMENTAL. 


Preparation of Materials——The substitutions were usually carried out with reagents the 
hydrogen of which contained about 2 atoms % of deuterium. As it was unnecessary, indeed 
undesirable, that the reagents should be anhydrous, they were usually made by adding a small 
amount of commercial 20% or 99% deuterium oxide to the ordinary “light ’’ reagent; this 
applies to sulphuric, selenic, and nitric acids. Aqueous deuterium chloride was prepared 
from thionyl chloride and 2% deuterium water; the sulphur dioxide was removed by heating. 
The same 2% deuterium water was used for the neutral and alkaline aqueous reagents. 

Hydrogen Exchange.—When two liquid phases were present, the mixtures were simply 
shaken together in sealed flasks under approximately standard mechanical conditions for the 
times stated and at room temperature, usually 17—20°. An exception was made when nitric 
acid was used, since, owing to the liability of the mixtures to evolve gases, it was found prefer- 
able to employ stationary flasks with mercury-sealed stirrers. When only one liquid phase 
was present, the reactions were carried out in stationary sealed flasks placed in thermostats. 

Isolation.—The methods were conventignal, and the only case requiring special remark 
is that of phenol. As specified in the introduction, the methods used were distillation, extrac- 
tion with ether (after neutralisation of sodium hydroxide, where necessary, with carbon dioxide), 
and methylation. In experiments in which the last method was employed, mixtures of phenol 
(about 15 g.), 2% heavy water (about 75 c.c.), and sodium hydroxide were enclosed in sealed 
flasks at room temperature, trial experiments having shown that no nuclear exchange occurs 
under these conditions in several hours. After being heated at 100° for the requisite time, 
each flask was cooled in ice-water. The quantity of added sodium hydroxide was then made 
up to about 14 g., and 20 c.c. of methyl sulphate were immediately introduced; the methyl- 
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ation, facilitated by vigorous shaking, was completed below 50°. The anisole was then isolated 
and purified by customary methods, and burnt. Blank experiments showed that, with phenol 
containing no deuterium in the nucleus, this method of isolation introduced sufficient deuterium 
to make the density of the combustion water from the anisole 6 p.p.m. too high; so that, as a 
correction for the error due to deuteration during isolation, we have taken a proportion of 6 p.p.m. 
determined by how far the replaceable hydrogen in the nucleus of the phenol is out of equilibrium 
with the solvent. This correction has been applied to the figures in col. 8 of Table V. 

Isotopic Analysis ——The materials were burnt on red-hot copper oxide in quantity sufficient 
to yield about 4 c.c. of combustion water. The more volatile compounds were carried into 
the combustion tube by means of a stream of nitrogen, or air, or air mixed with oxygen. The less 
volatile compounds were delivered dropwise through a capillary tube into the combustion tube. 
The combustion water, collected from the drawn-out combustion tube at — 78°, was purified by 
non-ebullient distillation from silver oxide in an evacuated all-glass still. Its density was 
determined with a 3-c.c. pyknometer to an accuracy of about 1 p.p.m. 


UNIVERSITY COLLEGE, LONDON. [Received, September 28th, 1936.] 





363. Direct Introduction of Deuterium into Aliphatic Systems. Part I. 
Hydrogen Exchange between Sulphuric Acid and Paraffinoid Hydrocarbons. 


By CHRISTOPHER K. INGOLD, CLIFFORD G. RAISIN, and CHRISTOPHER L. WILSON. 


INFORMATION on the direct introduction of deuterium into paraffins is limited. Taylor, 
Morikawa, and Benedict observed that methane could be induced to exchange its hydrogen 
atoms with those of molecular deuterium by means of photochemically excited mercury 
atoms, or through the agency of a nickel catalyst (J. Amer. Chem. Soc., 1935, 57, 383, 592) ; 
and very recently Steacie and Phillips have shown that the exchange can be effected 
by the use of free deuterium atoms formed by electric discharge (J. Chem. Physics, 1936, 
4, 461). The methods of deuteration thus indicated involve metastable reagents or 
heterogeneous catalysts, and hydrogen exchange with paraffins does not appear previously 
to have been realised as an ordinary substitution with a stable reagent. The experiments 
now reported show that hydrogen is exchanged between saturated aliphatic hydrocarbons 
and sulphuric acid, #.e., that sulphuric acid containing deuterium can be used in order 
to introduce this isotope into paraffins. 

We envisage the reaction as an electrophilic aliphatic substitution, having a transition 
state identical in pattern with that which we assume for the corresponding reaction with 


the aromatic nucleus : 
i. >CH + DHSO. 
So: s0-S0,H Pt "age 3 ‘ 
4 De >CD + H,S0, 


However, the electronic displacements involved in activation, although they are similar 
in direction in the paraffinoid and the aromatic systems, must be less facile in the former ; 
and hence we have to expect considerably more resistance to deuterium substitution in 
any simple paraffin than in benzene. But, for a precisely similar reason, sulphonation, 
which is always in competition with deuteration, is also expected to be (as in fact it is) 
considerably less facile in paraffins. Hence we are allowed a wider range of experimental 
conditions, and it was this consideration which rendered the experiments on the deuter- 
ation of paraffins worth trying. We found, as expected, that treatment at the room 
temperature with aqueous sulphuric acid of just over 50 mols. % concentration, conditions 
which would have effected a fairly rapid exchange with benzene, had no influence on simple 
paraffins such as hexane. We might have increased both the temperature and the con- 
centration of the acid without risking serious sulphonation, but found it sufficient, in order 
to demonstrate the exchange and to show differences of reactivity between one aliphatic 
hydrocarbon and another, to retain room temperature and use acid of about 77 mols. % 
concentration. 

The hypothesis that the deuteration of paraffins with sulphuric acid is an electrophilic 
substitution carries certain implications concerning the orientation of the exchange; it 


CH +D-+0S0,H —> 
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should occur preferentially at those hydrogen-bearing carbon atoms which can acquire 
the strongest negative charge. The most favoured positions will therefore be tertiary 
carbon atoms, and, after these, methylene groups adjoining branching points of the skeleton. 
The orientation of hydrogen exchange should, indeed, be analogous to that of nitration; 
and Markownikoff’s rule, which is known empirically to govern nitration, is substantially 
identical with the rule just stated. The main difference between deuteration and nitration 
with respect to their orientation is that in the former reaction the substituent will not 
inhibit further neighbouring substitution, so that we can foresee the possibility of introduc- 
ing, not merely one, but several deuterium atoms into a molecule possessing a reactive 
region. Now we have not made any direct determinations of orientation in partly deuter- 
ated paraffins—indeed, it would not be easy to do so; nevertheless, the observed differences 
of reactivity in deuteration between the different hydrocarbons studied give definite 
support to the view that a branched chain is a region of special reactivity in this replace- 
ment, and that, not only the methine group at the branching point, but also the groups 
in proximity to it, undergo exchange with enhanced facility. 

We refer below to observations made with n-hexane, n-heptane, cyclohexane, and 
methylcyclohexane. Experiments have also been carried out with Be-dimethylhexane and 
688-trimethylpentane, which undergo deuteration but with side reactions. The hydro- 
carbons, which were shown spectroscopically to be completely free from aromatic com- 
pounds, were shaken for various times at room temperature with sulphuric acid con- 
taining about 2 atoms % of deuterium; they were then separated, washed, dried, 
distilled, and burnt, the density of the combustion water being subsequently determined 
pyknometrically. 

Unlike the deuteration of benzene derivatives containing strongly orienting substituents, 
the deuteration of aliphatic hydrocarbons does not appear to stop perfectly sharply at 
equilibrium in relation to a limited number of positions in the molecule. The amount of 
deuteration is a function of conditions, and as these were not precisely standardised, we 
confine the following detailed record to a singie illustrative experiment with each hydro- 
carbon. These experiments are not accurately comparable, but they are sufficiently so 
to give significance to the differences between one hydrocarbon and another. 

The data are best compared by reference to the “‘ statistical exchange number.” This 
is defined as the number of hydrogen atoms per molecule which, if in isotopic equilibrium 
subject to a partition-ratio of unity, would give the observed uptake of deuterium. As 
the deuterium partition-ratio is about unity for the reaction between sulphuric acid and 
benzene, it cannot be very far from unity for the corresponding reaction with paraffins, 
since the stretching frequencies of paraffinoid and benzenoid hydrogen are similar, and the 
bending frequencies contribute less strongly to the energy balance on which the exchange 
equilibrium depends. Therefore the statistical exchange number is at least a rough guide 
to the average number of hydrogen atoms per molecule actually exchanged. 


cyclo- Methylceyclo- 





Hydrocarbon f ..eesesesrssssesceseseeceseseessesessenseeses M-Hexane m-Heptane Hexane hexane 
BD. Be nenciescoccccsncsesoecsvesapoopseccoccsvesssnececesece 68-0° 97-0° 80-3° 100-3° 
Quantities of materials : 

Hydrocarbon (g.-mols.) — .......sseseseeseesereeeees 0-0773 0-0744 0-0952 0-0778 

Sulphuric acid (g.-mols. H,SO,) * ...........+0.- 0-906 0-907 0-906 0-906 

Warer (gmake) ©. .nccccccccorepecsseresesopocecgeoses 0-263 0-265 0-265 0-271 
Concn. of aqueous acid (mols. % H,SO,) ......... 77-4 77:3 77-4 77-0 
Ratio, (H of aqueous acid) /(H of hydrocarbon) 2-17 1-97 2-07 2-16 
Time of shaking at room temp. (days) ............ 15 9 12 15 
Excess density (p.p.m.) of H,O from H in: ° 

Aqueous acid (initial)  ........ccccccccocsccscccccese 2780 2795 2800 2873 

pa oo «(ROMEUAL, By GEE.) ...sccccesccccsess 2623 2790 2798 2435 

Hydrocarbon (residual, by analysis) ............ 340 10 + 947 
Statistical exchange number ...........ecseeeeeeeees 1-82 0-06 0-02 5-43 
Atoms of H in hydrocarbon _...........sceseesereeee 14 16 12 14 


* These quantities are inclusive of forms containing deuterium. 

+ n-Heptane was obtained from the Analytical and Synthetic Laboratories Ltd. and the other hydro- 
carbons from British Drug Houses Ltd. In each case the b.p. was constant and correct and olefinic and 
aromatic impurities were absent. 
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The most striking results are the extreme slowness of substitution in cyclohexane 
and the relatively rapid and extensive substitution in methylcyclohexane. In the former, 
all carbon-carbon links are equivalent, so that none possesses electrical dissymmetry. 
In the latter, the statistical exchange number suggests that, not only the methine hydrogen 
atom, but also the hydrogen of some other groups closely approach equilibrium in exchange 
during the period of the experiment. 

UNIVERSITY COLLEGE, LONDON. [Received, September 28th, 1936.] 





364. The Formation and Constitution of Sulphur Nitride and 
So-called Hexasulphamide. 


By M. H. M. Arnotp, J. A. C. Huciti, and J. M. Hutson. 


SULPHUR nitride, S,N,, is the parent substance of several compounds, but in spite of many 
investigations, nearly all the constitutions remain obscure. In particular, no structures 
based on modern valency considerations have been advanced; also, practical details are 
often scanty or misleading, especially as regards the stability of compounds towards 
moisture or shock. We have examined the preparation of sulphur nitride and a by- 
product, the so-called hexasulphamide, and have put forward structures for them. 
Sulphur Nitride.—This compound is usually known as nitrogen sulphide, but it is 
formally a nitride, giving ammonia and not hydrogen sulphide on hydrolysis. Its prepar- 
ation by the action of ammonia on a sulphur chloride is a complicated reaction which 
throws no light on its structure, for which (I) was proposed by Muthmann and Clever 
(Z. anorg. Chem., 1896, 13, 200), and (II) and (III) by Ruff and Geisel (Ber., 1904, 37, 
1573), the last being supported by Meuwsen (Ber., 1929, 62, 1959). None of these formul- 
ations is entirely satisfactory even when modernised, and none accounts satisfactorily for 
the reactions; moreover, (I) and (III) are stereochemically very improbable. The authors 


S———— N=S—N—S—N—S=N —N—S 
“oe a Nw 
TP slide, rm d did 

(I.) (II.) (IIT) 


propose the structure (IVa), in resonance with the subsidiary structures (IVb) and (IVe), 
the last being a modification of (II). It will be seen that a number of modifications of 
these structures can exist, all of which play a part in the resonance. 


Va Va X A ‘ 
N “N N N N  N 
‘ ag * 

S=s 8 § s=8 

Pe artes! Pa 

N N N N N oN 
\s¥ *s7 \s¥ 
(IVa.) (IVb.) (IVc.) 


This structure is supported by the following considerations : 
1. Sulphur nitride is hydrolysed quantitatively by cold dilute alkali (the. conditions 
under which rearrangement is least likely to occur) : 


S,N, + 6NaOH + 3H,O = 4NH, + Na,S,0, + 2Na,SO, 
(Fordos and Gélis, Compt. rend., 1850, 81, 702; see also Meuwsen, quoted by Jaeger and 
Zanstra, Proc. K. Akad. Wetensch. Amsterdam, 1931, 34, 782). 
2. On complete reduction, no hydrazine can be detected, indicating that no two nitrogen 


atoms are joined together (Meuwsen, Joc. cit.), but we do not regard this argument as 
conclusive. 
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3. Chlorine yields a substance which Meuwsen (Ber., 1931, 64, 2301, 2311) has shown 
to be (NSCl)5. The reaction can be explained thus : 


PB x scl 
N » 
. NUN N—SCl 
ane 2Cl, ®» A X 
. —7 SCl SCL followed by 3NSC1 —> SCl N 
N N N ~ aR 
\ 
SCl 
4. Sulphur nitride forms numerous addition compounds, ¢.g., S,N4,SnCl, and S,N,,MoCl, 
(Davis, J., 1905, 87, 1836), which can best be formulated with a co-ordinate link from the 
unique sulphur atom of (IVc) to the metallic atom. 
5. On reduction with alcoholic stannous chloride, sulphur nitride gives (NSH),, possibly 
(VI) (Meuwsen, Joc. cit., p. 2311). We prefer (V), which shows similarity to the puckered 


octagonal S, ring known to exist in rhombic sulphur (Warren and Burwell, J. Chem. 
Physics, 1935, 3, 6). 


\ 4 
NH N 
4 \ 


SH SH (These structures are so written to illustrate their derivation from 
4 ~ S,N,. They will not be planar, but puckered.) 


N N 
\g% | \gH7 
(V.) (VI.) 


6. With boiling acetyl chloride, sulphur nitride yields thiotrithiazyl chloride, N,S,Cl, 
which, from its chemical properties, is probably a salt, giving the bromide, nitrate, or 
thiocyanate with the appropriate strong acid (Muthmann and Seitter, Ber., 1897, 30, 
627; Vosnessenski, J]. Russ. Phys. Chem. Soc., 1928, 60, 1037). We propose the structure 
(VII) for the thiotrithiazyl ion, and in this connexion the structure (VIII) for sulphur 


JN—-S 
(VIL.) S{n—s Sn (VIII.) 

\nW— 
nitride was considered, as it explains the reaction very simply; further, it is in general 
agreement with Jaeger and Zanstra’s crystal measurements (see below). However, (VIII) 
does not readily account for the other reactions of sulphur nitride, and is also stereo- 
chemically very improbable, as the apical sulphur atom, having no unshared electrons, 
cannot assume a pyramidal configuration. Moreover, from the stereochemistry of carbon 
we should expect the double bond to be coplanar with the two co-ordinate links. 

7. The crystal structures of sulphur nitride and its tetrahydride have been found by 
Jaeger and Zanstra (loc. cit.) to be exceedingly complicated, the unit cell containing four 
molecules. For both compounds they deduce structures consisting of distorted inter- 
penetrating tetrahedra of nitrogen and sulphur atoms, similar to (VIII), but the results 
do not exclude the possibility of other structures agreeing equally well with the observed 
intensities. 

8. Dr. D. Ll. Hammick has pointed out that in all known structures the polarity of 
the S-N co-ordinate link is SN, in agreement with all our structures, which were proposed 
independently of this information. The N-O co-ordinate link, on the other hand, has the 
opposite polarity, and this may be one explanation why nitric oxide does not polymerise 
to a compound analogous to S,N,. 

“* Hexasulphamide.’’—Macbeth and Graham (Proc. Roy. Irish Acad., 1923, 36, 31) 
obtained square white plates on concentration of the reaction liquors after removal of 
sulphur nitride, and assigned to the compound the composition S,NH,. Their analyses 
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and ours agree best with the ratio 6S : N, but the percentage of hydrogen is too small to 
be determined directly, and as it bears all the errors of the other determinations if 
determined indirectly, the number of atoms of hydrogen cannot be found by analysis. 
The molecular weight of our specimens is in reasonably good agreement with S,,N3H,. 

Very few reactions give a clue to the constitution, for the compound usually either 
fails to react or breaks down completely into ammonia, sulphur acids, and free sulphur. 
The following reactions are typical. 

1. With nitrous acid in aqueous-alcoholic solution, some nitrogen is evolved, the residue 
containing mainly sulphur, sulphide, and sulphate. This may indicate the presence of 
primary amino-groups. 

2. In presence of a trace of alkali, hexasulphamide is readily oxidised by the air or 
hydrogen peroxide, in alcohol or acetone, to give a vivid blue to purple solution, which is 
unstable and deposits sulphur on standing for a few hours. The probable constitution ~ 
of the coloured compound is discussed below. 

3. Hexasulphamide evolves ammonia on heating (thusproving the presence of hydrogen), 
leaving a mixture of sulphur and sulphur nitride. 

4. It does not react with formaldehyde, benzaldehyde, or acetic anhydride. 

5. Attempts to carry out the isonitrile reaction led to oxidation and hydrolysis, ammonia 
and probably some carbony] sulphide being evolved. 

6. Hexasulphamide reacts with acetyl chloride, but the product has not yet been 
investigated. ' 

We are unable to advance a convincing structure for hexasulphamide. Its stability 

R in solution and in the fused state shows that it cannot be 

NH _f ° merely a molecular compound. On the other hand, a chemical 
’ | formulation necessitates long sulphur chains. We consider that 

16 of the sulphur atoms exist as two broken S, rings, joined 





NH 
NH,—S | by the group S,N,H,. Assuming that the compound is a 
(IX,) | s primary amine, we suggest the structure (IX), S,,NsH;, as. a 
8 possibility. 


Colour Reactions in the Sulphur Nitride Series—The characteristic colour reactions 
in this series have been noticed by most investigators, notably Vosnessenski (loc. cit.), 
and appear to be given by most of the compounds, except (SNH),. The reaction consists 
in the development of a red to blue colour when the solution is treated with alcoholic 
alkali; the colours are transient and no solids have peen isolated. We investigated the 
colours formed from sulphur nitride and hexasulphamide, and found them to be due to 
atmospheric oxidation in presence of alkali. This is shown by the following facts. (1) 
The rate of formation and the depth attained by the colours is increased by shaking, 
bubbling air through the solution, or exposing a larger surface area to the air. (2) The 
maximum colour is developed at once on the addition of alkaline alcoholic hydrogen 
peroxide. (3) It is inhibited by formaldehyde. (4) Only a small amount of alkali is 
necessary for the formation of the colours : excess destroys them. 

Macbeth and Graham (loc. cit.) claim that pure sulphur nitride does not give this colour 
reaction, but our purest specimens gave a coloration with alkaline alcoholic hydrogen 
peroxide, and, with difficulty,on aerial oxidation. Certain earlier workers state that sulphur 
nitride gives the colours if contaminated with sulphur from the reaction mixture. This 
“sulphur ”’ was probably hexasulphamide. Acetone was more suitable than alcohol for 
the development of the colours, and also greatly increased their stability. The colours 
are altered on addition of water or benzene, as shown in the following table. 

Colour on addition of 


A 





Substance. Solvent : Acetone. Benzene. Water. 

S,N Mauve reflected, magenta transmitted Yellow Mauve 

SisN3H 5 Blue reflected, dark purple transmitted Deep blue Mauve 
The product from sulphur nitride was very transient, and in a few minutes the solution 
became colourless and deposited sulphur. The product from hexasulphamide was much 
more stable, the colour remaining for some hours even in aqueous solution. It was dis- 
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charged by strong acid or alkali with separation of sulphur, but was stable up to the b. p. 
of benzene. Rapid evaporation of an acetone solution gave a yellow solid which rapidly 
decomposed; if it was redissolved before decomposition occurred, it regenerated the 
coloured solution. 

Nature of the colours. The origin of the colours, their vividness, and the deposition of 
a yellow solid suggest that they are similar to peroxylaminesulphonic acid, obtained by 
the oxidation of hydroxylaminedisulphonic acid with alkaline lead peroxide, and having 
the empirical formula (SO,H),,NO. Asmussen (Z. anorg. Chem., 1933, 212, 317) has shown 
that the yellow solid salts of this acid are feebly paramagnetic, whereas the deep purple 
solutions have the strong paramagnetism typical of ‘‘ odd molecules.’”’ They thus probably 
contain the free radicals (SO;H),—N->O. It seems likely that similar free radicals are 
responsible for the oxidation colours in the sulphur nitride series. 


EXPERIMENTAL. 


Sulphur Nitride —The usual method of preparation consists in passing ammonia into one 
of the sulphur chlorides in a suitable inert diluent; e.g., carbon disulphide or tetrachloride, 
chloroform, benzene, or ether. 

Using benzene as diluent for thionyl chloride (Schenck, Annalen, 1896, 290, 171) we 
failed to obtain a yield, and with sulphur dichloride (Schenck, Joc. cit.; Ruff and Geisel, Joc. 
cit.; Meuwsen, Ber., 1929, 62, 1959) the yields were bad, being negligible from benzene or 
carbon tetrachloride, and the bulk of the product being a red tar. We finally found that good 
clean yields were afforded by a modification of Macbeth and Graham’s method (/oc. cit.). Sulphur 
monochloride is added to ten times its weight of chloroform and cooled in a freezing mixture ; 
dry ammonia is then passed in with occasional shaking, no precautions being taken to exclude 
moisture. The first reaction is somewhat violent; pink and brown vapours are given off, 
and the contents of the flask turn dark brown or black. This colour appears to be due to a 
pungent, unstable intermediate compound, which can be filtered off, but soon decomposes 
with formation of sulphur chloride. After the violence has abated, the freezing mixture is 
removed, and the temperature allowed to rise. (Low temperatures at this stage result in poor 
yields of sulphur nitride and the formation of large amounts of hexasulphamide.) The stream 
of ammonia is continued until the reaction mixture changes from a greenish-black to a clear 
salmon-red colour; the mixture is now filtered from the large bulk of ammonium chloride 
and concentrated to one-quarter of its volume. Addition of alcohol in excess then precipitates 
sulphur and sulphur nitride. Concentration of the filtrate yields a little more nitride, and then 
hexasulphamide; the extreme tail fragtion, a red oil with a strong sickly smell, deposits sulphur 
on standing and probably consists of nitrogen pentasulphide, but has not been examined 
further. Sulphur nitride was freed from sulphur by extraction with carbon disulphide, and 
recrystallised from benzene or chloroform. It forms bright orange-yellow needles, darkening 
to scarlet on heating, m. p. 180° (lit., 178—179°), b. p. ca. 185° (Found: N, 30-55; S, 69-88. 
Calc. for SsN,: N, 30-43; S, 69-57%). It is soluble in organic solvents, but insoluble in and 
not wetted by water. The solid is quite non-explosive at room temperature, and burns quietly 
in air; it explodes violently, however, in a m. p. tube at 195° (cf. Burt and Usher, Proc. Roy. 
Soc., 1911, A, 85, 82; but see also Schenck, Joc. cit., who had to keep his sulphur nitride in 
paper boxes to avoid explosions). It is possible that some of the very explosive specimens 
obtained by earlier workers were contaminated by nitrogen trichloride, due to too careful 
drying of the reaction mixture and the use of sulphur dichloride. Although readily oxidised 
in presence of alkali, sulphur nitride is otherwise stable to air, and can be kept without decom- 
position. The pure compound is odourless; the specimens obtained by van Valkenburgh and 
Bailar (J. Amer.-Chem. Soc., 1925, 47, 2134) were probably contaminated with the red oil (see 
above). ‘ 

Sulphur nitride was also made with ether as diluent, as recommended by the latter authors. 
We found no trace of the evil-smelling compounds described by them as being formed on pro- 
longed addition of ammonia. Since the reaction flask has to be kept cold to retain the ether, 
the yield of sulphur nitride is poor, the bulk of the product being hexasulphamide. The filtrate 
from the ammonium chloride is best treated by evaporating it to dryness and then taking up 
the residue with chloroform, from which sulphur nitride can be precipitated with alcohol. 

If the reaction (in chloroform) be stopped at the greenish-black stage, the yield is poor 
and is contaminated by various coloured tars at every stage of the subsequent process. 
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Hexasulphamide.—Macbeth and Graham (loc. cit.) discovered this substance in the sulphur 
nitride mother-liquors. We concentrated the reaction liquors, after removal of sulphur nitride, 
to small bulk, and purified the product by repeated crystallisation from alcohol. Hexasulph- 
amide forms very characteristic, creamy, square plates, which grow to large square tabular 
crystals on slow crystallisation; m. p. 110° (Macbeth and Graham, m. p. 105°) [Found: N, 
6-61; S, 91-45; M, 592 (slight decomp.). Calc. for S;,N,;H;: N, 6-72; S, 92:30; M, 624). 
It is soluble in organic solvents, especially carbon disulphide, and also in aqueous alcohol and 
yellow ammonium sulphide. It is insoluble in, unwetted by, and stable towards water, and is 
odourless, non-explosive, and stable to air except in presence of alkali, but is decomposed by 
concentrated nitric acid with considerable violence. 


We thank Dr. F. M. Brewer for permission to carry out this investigation. Work on this 
subject is proceeding. 


OLp CHEMISTRY DEPARTMENT, UNIVERSITY OF OXFORD. [Received, May 14th, 1936.] 





365. The Hydrolysis of Arylsulphuric Acids. Part III. 


By G. NORMAN BURKHARDT, CHARLES HoRREX, and DoREEN I. JENKINS. 


In Parts I and II (Burkhardt, Ford, and Singleton, this vol., p. 17; Burkhardt, Warhurst, 
and Evans, ibid., p. 25) it was shown that the rate of the acid hydrolysis of a substituted 
potassium phenylsulphate is approximately proportional to the concentration of phenyl- 
sulphate and of hydrogen ion, and that the influence of a series of simple substituents on 
the rate of reaction is directly comparable with the effects of these substituents on other 
reactions. The present communication presents further evidence that the correct kinetic 
expressions have been used, and considers the results obtained by measurements of in- 
creased accuracy and by the study of a wider range of substituents in the aromatic nucleus. 

Salt Effect and Possible Secondary Catalytic Effects.—With solutions of highly purified 
potassium #-tolylsulphate (M/12) and hydrochloric acid (N/24) the addition of potassium 
chloride up to a concentration equal to that of the tolylsulphate produced only a slight 
decrease in velocity. This is the normal salt effect if the reaction occurs, as is assumed, 
between the oppositely charged phenylsulphate and oxonium ions : 


Ph-O-SO,°0’ + H,O° + H,O + (K* + Cl’) —> Ph-OH + HSO,’ + H,O* + (K’ + CI’) 


) 


H’ + SO,” 


On the preliminary evidence available, it was assumed that the oxonium ion was the 
sole catalyst, and although satisfactory constants were obtained on this basis, there was a 
possibility that other ions (particularly the bisulphate ion) could exert minor catalytic 
effects. In order to study the effect of the bisulphate and sulphate ions, measurements of the 
rates of hydrolysis were made with potassium hydrogen sulphate as the source of hydrogen 
ions. Constant concentrations of bisulphate (0-1M) and phenylsulphate (0-0833M) were 
used, and increasing amounts of potassium sulphate added. A marked retardation occurs 
with successive additions, and finally, as shown in Fig. 1, reaction velocity becomes 
negligible. This contrasts with the considerable final speed obtained by a similar method 
in the hydrolysis of ethyl acetate in the presence of potassium hydrogen sulphate (Dawson, 
Pycock, and Spivey, J., 1933, 291). The rapid fall in velocity is considered to be due to 
suppression of the bisulphate ion dissociation, and the negligible velocity finally attained 
is in accord with the absence of a catalytic effect from the bisulphate and sulphate ions. 

No evidence was obtained to suggest that the phenol formed during the reaction had 
any marked catalytic effect. Only in the hydrolysis of the nitro- and carboxy-phenyl- 
sulphates was there an upward drift of the calculated velocity “ constants ” which might 
be ascribed to the hydroxy-derivative liberated in the course of the reaction, and in these 
cases the more strongly acidic nature of the phenols made the titration more difficult. 
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In Part I the dissociation constant (K) of the bisulphate ion has been taken as 0-01, 
the value found by Dawson, gare and Spivey (loc. cit.) for salt-free solution in the 
hydrolysis of ethyl acetate at 25°. An estimate of the heat of dissociation of the bisulphate 

ion (Pedersen, J. Physical Chem., 1934, 38, 
Fie. 1. 613) indicates a fairly large decrease of the 
ionisation constant with temperature. This 
is confirmed by Hamer’s results (J. Amer. 
Chem. Soc., 1934, 56, 860), but extrapolation 
of his values (which agree with those ob- 
tained by Dawson, Pycock, and Spivey at 
25°) gives a value near 0-002 for salt-free 
solution at 80°. The inconsistency be- 
tween this conclusion and the application 
of the value K = 0-01 at both temperatures 
in Part I would be explained if the tem- 
perature coefficients of the salt effect and 
of the ionisation of HSO,’ counterbalanced 
0 : ' o-——o-| one another in the phenylsulphate hydro- 
J ie . 3 04 2 5 06 07 % \ysis. The use of potassium hydrogen sul- 
olarity of Kz504. : ° 
phate as the source of hydrogen ions gives 
velocity constants much more sensitive to the values of K adopted than those obtained by 
using mineral acid, but with the correct value of K the same constants should be obtained 
with both sources of catalyst in the absence of other catalytic influences. The results 
given in Table I have been obtained by taking two arbitrary values for K and they show 
agreement of the calculated constants when K = 0-01. Experiments are compared where 
the salt concentrations are approximately the same (the amount of hydrochloric acid not 
being included; cf. Dawson, Pycock, and Spivey). 





Initial dx/dt(mols/l/sec«/0) 














TABLE I. 


Hydrolysis of p-tolylsulphate by potassium hydrogen sulphate at 78-7°. 
(Values of & in g.-mols. /I./sec.) 


p-Tolylsulphate. HCl. KHSO,. KCl. Value of 100 & for 
K=0007. K=001. 
(a) N/12 N/l2 _ _ 0-234 0-238 
N/24 ~- N/24 rain 0-280 0-241 
N/24 os N/48 N/48 0-275 0-240 
(b) N/18 N/24 nin ~— 0-240 0-237 
N/36 sam N/72 N/72 0-269 0-237 
(c) N/24 N/24 = ws 0-242 0-238 
N/48 a N/48 an 0-271 0-237 
N/48 am N/96 N/96 0-263 0-235 


On the basis of the previous work cited above, the deviation from a value of 0-01 for 
K would be expected to be greater at 78-7° than at 48-7°. At the latter temperature the 
hydrolysis with similar concentrations of potassium hydrogen sulphate is very slow, but 
experiments with N/24-p-tolylsulphate and N/72- or N/24-potassium hydrogen sulphate 
indicate satisfactory values of K to be 0-0095 and 0-007 respectively. The use of K = 0-01 
in Parts I and II is, therefore, not liable to any serious error, and this value has been 
employed in the evaluation of velocity constants at all the temperatures used in the present 
work, 

Results.—Velocity constants have vetn obtained as in Parts I and II, but in a number 
of cases, particularly when the concentrations given there were inconvenient and the 
approximate expression was therefore inapplicable in the form stated, an integrated 
expression without approximations was used, viz., 


M—s). 2 D+% D—z, F F+y 
“2308 ~ D—F 8 p+3, + pr le p— 3 - Oolet oH SF+z, °° OW 
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01, where a and 3 are respectively the initial concentrations of bisulphate and arylsulphate, 

the x is the increase in bisulphate concentration in time ¢, D? = (a + 0-01)? + 0-040, F = a — 

ate 0-01, z* = (a + 0-01)? + 0-04x, and D and F are, therefore, constants for any one experi- 

38, ment. The subscripts refer to the value of z at times ¢, and ¢4,. With this expression, 

the satisfactory constants have been obtained as shown in Table II. 

his 

er. TABLE II. 

>. Hydrolysis of potassium p-ethylphenylsulphate with hydrochloric acid. 

at a = 00398; b = 0-0935; temp. = 78-7°. 

ai By sesseseesseseetensses 0 0-005 0-010 0-015 0-020 0-025 0-030 
dodcoeccovredensesecesen 0-02 0-025 0-030 0-035 0-040 0-045 0-050 

De- 100 # (mols. /l./sec.) ... 0-247 0-248 0-252 0-253 0-248 0-253 0-253 

on 

res In the experiments with p-tolylsulphate, potassium hydrogen sulphate being used to provide 

m- the initial hydrogen-ion concentration, velocity constants were derived from the expression 

nd dx|dt = k(b — x)[H,O"], where 6 and x have the same significance as previously, and [H,0°] 

ed is obtained from [H*]({H’] + 7)/{(a@ + x) — [H‘]} = K, where 7 is the initial concentration 

0- of sulphate ion due to the small amount of stabilising alkali in the phenylsulphate solution. 

il- Values of dx/dt obtained by a tangent method were in good agreement with those obtained 

eS by the integrated expression analogous to (1). 

by Data for p-nitro- and -methyl-phenylsulphates have been obtained at additional tem- 

ed peratures (p-NOg, Rgz.g- = 4°58 X 103; Rogge = 2-43 X 10°; p-CHy, R 67.7 = 6-72 X 10%), 

Its and a satisfactory linear relationship between log k and IT i is found. Velocity constants 

Ww for the other substances have been determined at 48-7° and 78-7°, and the data analysed by 


application of the Arrhenius equation k = ae~*/2?, which is assumed to apply to all the sub- 
ot . stituted phenylsulphates. The results are in Table III, which includes those obtained in 
Part I for comparison. ‘ 





TABLE III. 
Substituent Substituent 
Ref. oraryl  fkagzo X hago X E. aX Ref. or aryl has-ze X = Rageze X E. ax 
No. group 104. 10°. 10711. No. group. 104. 102, 10-13, 
1 p-NO, 4:50 1:20 24,600 243 13 m-OMe 1-02* 0-340 26,100 675 
2 p-CHO 3-87 1-01 24,400 155 14 (H) 0-89* 0-335 27,000 2453 
3 o-NO, 3-58* 0-880 23,800 61 15 m-CH, 0-88* 0-320 26,700 1483 
4 p-Ac 3°32 0-770 23,600 35 16 o-CH, 0:77* 0-272 26,500 9883 
5 o-CHO 1-75 0-580 26,200 1170 17 p-C,H, 0-74 0-251 26,300 532 
6 m-NO 2-05* 0-578 24,850 182 18 o-C,H, 0-665 0-245 27,000 1533 
7 m-CHO 1-52 0-453 25,400 293 19 och” 0-642 0-245 27,300 2250 
8 o-OMe 1-33* 0-453 26,350 1060 20 0-687 0-238 26,600 788 
9 o-Cl 1-30* 0-442 26,200 1020 21 be “OMe 0-450* 0-180 27,400 2267 
10 m-Ac 1-40 0-418 25,500 280 22 hymyl 0-332 0-146 28,400 6183 
ll B-C,,H, 1-15 0-382 26,200 790 23 o-C,H, 0-318 0-137 28,200 4400 
12 p-Cl 1-08t 0-362 26,200 300 
* At 48-6°. t At 48-8°. 


The data for the additional substituents confirm the conclusion reached in Part I, that 
the reaction velocity is increased by substituents causing electron recession from the sul- 
phate group, and this aspect is discussed in Part IV (following paper). 

The Results in Terms of the Arrhenius Equation.—Particularly in reactions involving 
an ion and a neutral molecule, the empirically determined term « approximates to the 
calculated total number of collisions Z (Grant and Hinshelwood, J., 1933, 258 ; Moelwyn- 
Hughes, ‘‘ The Kinetics of Reactions in Solution,” Oxford, 1933), a result which requires 
special explanation on the collision theory in the case of large molecules, where the number 
of suitably oriented collisions will be some powers of 10 less than the total number of 
collisions (cf. Evans and Polanyi, Trans. Faraday Soc., 1935, 31, 875; Hinshelwood and 
Winkler, this vol., p. 376). Special consideration has been given to the very low values 
for P (« = PZ) found for some reactions, and a few high values have been observed. 

The arylsulphuric acid hydrolysis gives values of P greater than unity. The value of Z 
calculated from simple collision theory is about 3 x 104, with negligible variations due to 


eo SF 
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—_ 








1652 Burkhardt, Horrex, and Jenkins : 


differences of molecular weights and ionic sizes for the various phenylsulphates. If a 
correction is applied for the uneven distribution of ions in solution (Christiansen, Z. phystkal. 
Chem., 1934, 118, 35), this will not raise this value of Z by more than a factor of 10, but values 
for « of 10" or higher are obtained in nearly 50%, of the cases examined. 

The opposite charges on the reactants may well influence their coming together and 
interpenetration in a suitable orientation, and so lead to high values of « (cf. Hinshelwood 
and Winkler, Joc. cit.). It is also very plausible to regard the inactivity of the bisulphate 
ion as a catalyst as due similarly to its bearing a negative charge like the phenylsulphate 
ion. Reactions between similarly charged ions often give low values of « (~ 108), and one 
reaction between oppositely charged ions gives a remarkably high value (~ 101%) (see 
Moelwyn-Hughes, op. cit., pp. 216, 218), but as the corresponding activation energies are 
low for similarly charged and high for oppositely charged ions, the effect of the selection of 
reactions as convenient for investigation may account for this trend in the data available. 
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The numbered circles correspond with substituents as given in Table III. Thickened circles refer to 
arylsulphates containing o-groups. 


The graph of log kzs.7 against E (compare Hinshelwood and Williams, J., 1934, 1079) 
for the data in this investigation (Fig. 2) shows that, although the points for the hydrolysis 
of the various phenylsulphates deviate considerably from a straight line, yet they lie in 
a zone in such a way as to show clearly that the substituents affect the rate of this hydro- 
lysis principally by altering the value of E, while the deviation from a standard slope (2-3RT) 
indicates a well-marked tendency for « to increase with increasing E. The changes in « 
tend to compensate the effect of changes in E, as will generally be the case when variations 
of « are considerable, and this is relevant to the consideration of the significance of the results 
(cf. Ingold and Nathan, this vol., p. 222). Although the constants vary by little more than 
one power of 10, the activation energies cover a range of 4800 cals., as compared with ranges 
of 5900 for the interaction of benzoyl] chloride with a series of substituted anilines (Hinshel- 
wood and Williams, loc. cit.) and 5500 for the alkaline hydrolysis of a series of substituted 
benzoic esters (Ingold and Nathan, loc. cit.). The differences between the activation energies 
for the unsubstituted substances and their p-nitro-derivatives are 2400, 4450, and 3200 
cals. in the three reactions respectively. 

Fig. 3, representing the relation between log « and E, expresses the same conclusion 
directly, and indicates how far these results accord with a linear relationship between 
log aand E. The existence of such a relationship accounts for the fact that an approxim- 
ately linear plot is obtained for log k (= log « — E/RT) for this reaction against log & for 
reactions for which only £ varies significantly. Similar relationships have been observed 
for a few other reactions (cf. Moelwyn-Hughes, of. cit., p. 167), and are required to account 
for the frequent occurrence of linear relationships between the logarithms of dissociation 
and velocity constants. 
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If the hypothesis of Evans, Morgan, and Watson (J., 1935, 1168) is applied to our results, 
it is necessary to regard the attachment of the hydrogen-ion catalyst as connected with «, 
and another stage of the process, simultaneous or consequent, as determining the activation 
energy, since proton-repulsive groups lead to low values of « and E, the inverse of their case. 

The results recorded here do not appear to fall precisely into any of the categories in- 
dicated by Hughes, Ingold, and Shapiro (this vol., p. 228) as likely to show variations of «, 
although they could be included by a slight further development. It is to be noted also 
that the o-substituted derivatives do not show any abnormal distribution in the graphs of 
log « against E (Fig. 3), except in so far as both terms tend to be high in a majority of the 
cases examined. Hence, one must conclude that such local effects as arise in o-substituted 
phenylsulphates do not lead to any increased predominance of the aterm. As these authors 
emphasise, predominant variations in the « term are commoner with saturated than with 
unsaturated compounds. However, of the reactions which have been studied in the 
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Numbered points correspond with substituents as given in Table III. Black discs refer to arylsulphates 


containing O-groups. 


aliphatic series, a large number are of the negative ion interchange type or are catalytic 
processes, and both these classes of reaction tend to show important variations in the « 
term. 

The most important feature which emerges from a consideration of the data available 
appears to be the generalisation that the principles, concerning the effect of structure on 
reaction velocity and equilibrium, which have been defined in terms of electronic theory 
apply nearly equally well whether activation energies and heats of reaction alone are affected 
or « and entropy terms show important or even predominant variations (these terms 
being determined by the application of the simple form of the Arrhenius equation to velocity 
constants measured over quite a narrow range of temperature and in the parallel manner 
for equilibrium). This applies, not only to the qualitative applications of the electronic 
theory, but also to the corresponding quantitative relationships. The principle stated 
above, and the parallelism between variations in « and E (which appears to be of wide 
application), suggest that it is necessary to regard electron availability as influencing 
free energy directly rather than activation energy, as hitherto (cf. Evans and Polanyi, 
Trans. Faraday Soc., 1936, 32, 1333). 


The preparation of the phenols and arylsulphates and the details of the hydrolysis are given 
in the following paper. 


THE UNIVERSITY, MANCHESTER. (Received, May 5th. 1936.] 
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366. Hydrolysis of Arylsulphuric Acids. Part IV. (a) Conjugation 
between the Benzene Nucleus and Unsaturated Side Chains. 
(b) Steric Effects and the Influence of Alkyl Groups. 


By G. NORMAN BURKHARDT, CHARLES HoRREX, and DOREEN I. JENKINS. 


(a) THE fact that cinnamic acid and w-nitrostyrene give op-derivatives on substitution has 
presented a problem in the application of polar and electronic theories of organic reactions 
in that the normally m-directive carboxy- and nitro-groups might be expected to exercise 
their influence through the double bond conjugated with the nucleus (I, II). 


7 > CO — (0 c 
CH=CH—N@ CH=CH—CZ CH=CH-/-CO,H 
IK O %) OH RJ \ 

\ 2 


ANS X 
I | ok y. 
\Y \“YY" NM 

(I.) (II.) (III.) 


Two explanations have been discussed. Considering the observation that w-nitro- 
styrene gives less m-derivative on nitration than does w-nitroethylbenzene, Ingold (Amn. 
Reports, 1926, 23, 132) took the view that the ethylene bond efficiently damps the effect 
of the terminal nitro-groups. Baker and Wilson (J., 1927, 842) developed this in the light 
of further orientation results, and concluded that the of-directive influence of the 
*CH:CH-NO, group arises in the union of the first side-chain carbon atom with the nucleus, 
in the same way as in toluene. However, the ethylene bond is known to trasmit the 
electron-attractive character of these m-directive groups to the 8-position in the «$-double 
bonds. Many of the addition reactions of the ethylenic bond in cinnamic acid, benzylidene- 
malonic acid derivatives, and -nitrostyrene show this clearly, and the fact that in these 
substances the double bond is less reactive than in corresponding aliphatic compounds is 
usually accounted for by assuming conjugation between the side chain and the nucleus. 
This must involve some transmission of the effect under consideration (cf. Ashworth and 
Burkhardt, J., 1928, 1791; Ingold, Ann. Reports, 1928, 25, 147). On the other hand, 
however, the large amount of evidence available concerning substitution in the diphenyl 
series gives practically no indication of such an effect passing from one nucleus to the other, 
and this has been taken to support the view that conjugation between the nuclei is very 
smallindeed. By analogy, this suggests a similar lack of interaction between unsaturated 
side chains and aromatic nuclei. 

The second explanation (Robinson, Inst. Chem. Lectures, 1932, 49) is that if the 
ethylenic bond polarises free from the influence of the terminal m-directive groups, it will 
do so in the manner which leads to op-substitution in styrene (III). This will lead to strong 
activation of the o- and #-positions in reactions with the ordinary electron-seeking sub- 
stituting agents, whereas the other phase will lead to deactivation of all positions. There- 
fore, even very infrequent independent (styrene) polarisations of the ethylenic bond will 
lead to high percentages of of-products owing to preferential attack on this phase. This 
explanation accounts for the facts concerning substitution in w-substituted derivatives of 
styrene and can be applied mutatis mutandis to substitution in the dipheny] series, but it 
has been open to criticism as a special explanation for which little positive evidence was 
available. Essentially, however, it depends on the view that in substitution reactions the 
independently (styrene) activated phase will be preferentially attacked, and it involves the 
view that, in reactions where this does not apply, the electron-attractive effect of a 
terminal m-directive group should be detected in so far as it is transmitted. 

Previous work has provided some examples indicative of the transmission of similar 
effects in the opposite direction (i.e., from the nucleus to the ethylenic side chain), the 
significance of which does not seem to have been generally recognised. MHarrison (J., 
1926, 1932) showed that 3 : 4’-dinitro- and 3 : 4’-diacetamido-tolan, (IV) and (VI), were 
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hydrated in opposite directions by sulphuric acid, giving the ketones (V) and (VII) 
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The same effect is shown in the rates of hydrolysis of substituted benzoic, phenylacetic, 

phenylpropionic, and cinnamic esters (Table I) : 
TABLE I. 
Velocity constants (x 10*) at 30° for the alkaline hydrolysis of esters 
(Kindler, Annalen, 1927, 452, 90). 
Acid. p-NO,. m-NO,. m-Cl. p-Cl. m-OMe. H. m-Me. p-Me. p-OMe. 
BNE, pistccssavinses 5090 3110 363 212 59 49 35 23 10-5 

To- Phenylacetic ......... 4570 _- _ 1620 — 636 — 585 580 
nn. Phenylpropionic ...... — — —_ 516 — 343 —_ — 288 
ect CORIING 6 ccndcsicececns 1037 798 — 215 — 106 _ 75-4 44-4 
sht The action of substituents is at a maximum in the benzoic esters and is suppressed by 
the the introduction of saturated carbon atoms, but much less so by the unsaturated chain in 
us, the cinnamic series. This is perhaps most significant in the case of the p-methoxy-group, 
he where the deactivating primary interior or mesomeric effect is characteristic. 
ble The dissociation constants of a suitable group of carboxylic acids show a similar 
1€- relationship, and this indicates specifically the transmission of the permanent effects : 
se 
is Dissociation constants (x 10°) of carboxylic acids at 25°. 
aS. MONE icscscsccese 6-46 Phenylacetic ......... nd paras 5-03 CINMAMIC © .......ccsccersevcsceces 3°6 
nd BEE onic ivisesiees’ 3-43 p-Methoxyphenylacetic ... 4:45 p-Methoxycinnamic ......... 2-0 
d, Ratio ........+0+ 1-88 Ratio .....ccrcccsceccecsceees 1-13 Ratio .......ccceeeeseeeeeeeeeees 1-8 
ly] The influence of methoxyl in depressing the dissociation constants is more damped by 
=, the one saturated carbon atom of the side chain of phenylacetic acid than by the un- 
Ty saturated cinnamicsystem. The variations in these cases are, however, small in comparison 
ed with possible, though not probable, errors. 

As has been indicated above, evidence of the transmission of such effects as these from 
he side chains to the nucleus has been lacking. Browne and Dyson (J., 1934, 178) found 
ill the following velocity constants for the reaction of isothiocyano-groups with ethyl alcohol 
ng at 78-5° (time in minutes) : 

‘4 k. k. 
e- PBCN CT COLE « ccccisissccscissrsscccioncs 4-13 p-SCN- rod CH CO SEE ..ccccccccceccccceces 0-74 
ill $W-SCN-CoHyCOEt ....ssceecsesceerssssessoes 3-07 DGG Me | vrtssaeneiaonenietien 0-5 
is p-SCN-CyHy-CH:CH-CO,Et «..cccccccssessees 2-26 p-SCNCgHy[CHg]q°COgEt sescescssecseseese 0-33 
of This reaction is, in general, accelerated by low electron availability, though, if this is so, 
it some of the other substituents examined apparently do not behave normally. Browne 
aS and Dyson ascribe the acceleration in cinnamic derivatives to the unsaturated side chain, 
1e but these results might be taken to show a quite efficient transmission of the electron- 
1e attractive effect of the carboxyl to the nucleus. 

a The hydrolysis of arylsulphuric acids has been shown to be a normal reaction of the type 

accelerated by electron recession (Burkhardt, Ford, and Singleton, this vol., p. 17). The 
ar results previously obtained have now been extended to include groups containing carbonyl in 
1e the m- and p-positions relative to the sulphate group, both directly attached to the nucleus 


a and separated from it by saturated and unsaturated side chains. The results (Table II, 
where & for 78-7° is given in mols./l./sec.) appear to show the transmission into the aromatic 
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nucleus, of the electron-attractive effect of the carboxyl groupin cinnamicacid. The rate of 
hydrolysis of the sulphate group is much greater when it is p- to the cinnamic side chain than 
when in the m-position, as is found with typical m-directive substituents—indeed, in both 
the p- and the m-series, the cinnamic side chain appears as the least effective of the groups 
containing carbonyl so placed that conjugation with the nucleus is possible. 





TABLE II. 

Substituent. 100 k. Substituent. 100 k. Substituent. 100 k. 
PEADEN . otedssentniacesere 1-01 GREE ectccnssenssvesessens 0-453 (Unsubstituted) ......... 0-335 
” ane ge ee 0-772 GN Sa iecccscicnvcsccndans 0-440 m-CH,°CH,°CO,H ...... 0-292 
RIED. vis stavenviessiees 0-657 Eile. dcsieceveveseceses 0-418 p-CH,°CH,°CO,H ...... 0-280 
p-CH.CH°-CQ.H ........ 0-585 m-CH:-CH-CO,H a... cee 0-350 P-CHyCHg .....cccccccees 0-248 


PUY | weccdcncctsivncies 0-580 


The propionic side chain behaves quite differently : the m-substituted acid is hydrolysed 
slightly faster than the p-isomeride (the difference is about equal to the probable experi- 
mental error) and both values lie between those of the unsubstituted phenylsulphate and 
its p-ethyl derivative. Hence, this side chain behaves, as might be expected, like an op- 
directive (alkyl) substituent less powerful than the ethyl group. On this basis, the constant 
for the m-compound is further from the value for the unsubstituted compound than would 
have been anticipated. 

To establish the true extent to which the influence of the carbonyl group is responsible 
for the results obtained with the sulphates of the hydroxycinnamic acids, it will be necessary 
to eliminate the effect of the ethylenic system itself by examining other derivatives of the 
hydroxystyrenes. The identity of the rates for the sulphates of 3- and 4-hydroxydipheny]l, 
however, confirms the view that the unsaturation of the side chain cannot alone be 
responsible for effects of the magnitude observed. 

The above discussion has been expressed in terms which do not involve the most detailed 
analysis of the effects involved, and particularly without considering the contribution which 
should be assigned to inductive effects. A more detailed treatment will be necessary and 
possible in considering the influence of heteropolar groups. 

The Influence of Mesomeric Displacements. in Unsaturated Systems on the Properties of 
Attached Saturated Chains.—Nuclear substituents fall in the same sequence, when they are 
arranged according to their influence on the dissociation constants of carboxylic acids or 
on the rates of hydrolysis of carboxylic esters, whether one considers benzoic, phenyl- 
acetic, phenylpropionic, or cinnamic acids or their esters (compare Table 1). In particular, 
the p-methoxyl group lowers the electron availablity, at the end of attached saturated 
side chains, in spite of its electron-attractive field and inductive effects. It is clear, 
therefore, that the influence of changes of electron distribution set up in an aromatic nucleus 
by mesomeric effects can be transmitted along a saturated side chain, and that the presence, 
next to the nucleus, of an unsaturated hetero-atom, such as sulphur, is not necessary for 
the operation of this effect (compare Bennett, Chem. and Ind., 1932, 10, 776). In addition 
to the examples quoted above, the effect of terminal methyl groups on the dissociation 
constants of unsaturated aliphatic acids (Ives, Linstead, and Riley, J., 1933, 561) is an 
example of a similar effect initiated in an ethylenic system. 

The aldehydo-, carboxy-, and acetyl groups directly attached to the nucleus fall, as a 
series, in their anticipated position between the nitro-group and hydrogen. In the #- 
position these groups lie in the sequence of diminishing additive power of the carbonyl 
(CHO>CO-CH,>CO,H), whereas in the m-position the carboxyl group lies between the 
other two. This is accounted for by the greater relative influence of the effective dipole 
on the m-position (compare Baker and Ingold, J., 1927, 832; Cooper and Ingold, 1:d., 
p. 836). 

(b) Steric Effects and the Influence of Alkyl Groups.—In Part I it was observed that the 
hydrolysis of the phenylsulphuric acids resembles that of the benzyl chlorides in being very 
insensitive to steric effects. The extended results given in Table III (relating to a tempera- 
ture of 78-7°) show that o-substituents containing two atoms or more (other than hydrogen) 
do exert a definite inhibitory effect in virtue of their position. The fact that larger groups 
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show such steric influences does not, however, modify the conclusions concerning the 
mechanism of the hydrolysis which were derived from the smallness of these effects, 
especially in the case of chlorine and methyl substituents. 


TABLE III. 
Substituent o-Cl p-Cl o-Me p-Me m-Me o0-Et p-Et o-Pr8 o0-Ph p-Ph m-Ph 
ok ere 0-442 0-362 0-272 0-238 0-320 0-137 0-248 0-15* 0-245 0-38* 0-38* 
Substituent (or aryl 
SEED. ocscasncverenes o-CHO p-CHO m-CHO o-NO, f-NO, aC,yH, £-CyH, Thymyl 
ROD  sikansescassenssinnes 0-580 1-01 0-453 0-88 1-20 0-245 0-382 0-146 


* These values are regarded as more uncertain than the others, for only small amounts of o0-iso- 
propylphenol were available, and potassium m- and p-phenylphenylsulphate and the corresponding 
phenols are difficultly soluble in water. The anomaly of the o-methoxy-group was noted in Part I. 


The phenylsulphates containing alkyl substituents were examined in the first instance 
kecause this reaction was one which might be expected to show the decrease of electron- 
repulsive character in ascending the homologous series of alkyl groups that had been 
deduced on theoretical grounds by Burkhardt and Evans (Mem. Manchester Lit. Phil. Soc., 
1933, 77, 37). This effect has now been observed by Baker and Nathan (J., 1935, 1844), 
and by Baker, Nathan, and Shoppee (bid., p. 1847) in two other reactions. From these 
results, Baker and Nathan have developed views on the genesis of these effects similar, at 
least in outline, to those referred to above (cf. Chem. and Ind., 1936, 55, 158). The following 
quotation from Burkhardt and Evans (loc. cit.) indicates the ideas relevant to the present 
discussion : 

““—CH, Group.—As far as the (primary interior) effect which we are considering is 
concerned, this group falls into line with the other op-directing groups, since as a con- 
densed atom group it simulates the structure of the halogens, and all the electrons (except 
the ls electrons of the carbon) are making up the outer electronic shell of the group. The 
methyl group cannot, of course, take part in full electromeric change to quinonoid forms. 
The replacement of the hydrogen in —CH, by other groups not only reduces the nuclear 
charge by destroying the condensed atom system but also removes to some extent the 
electrons which were available and taking part in the bond when the group resembled the 
fluorine structure. Such a decrease in availability of electrons may contribute to the 
apparent decrease in op-directing power of substituted methyl groups (compare Le Févre, 
Nature, 1933, 131, 655, on the relative effects of methyl and #ert.-butyl).” 

The rate of hydrolysis of potassium f-ethylphenylsulphate is greater than that of the 
p-tolylsulphate, indicating that the ethyl substituent is less electron-repulsive than methyl, 
as was predicted. The same effect would also account for the fact that the o-isopropyl- 
phenylsulphate is more rapidly hydrolysed than the o-ethyl derivative, but with most of 
the arylsulphates containing o-alkyl groups steric factors clearly overpower any effect of 
this type. As this particular reaction is only slightly inhibited by o-groups, it must be 
concluded that steric influences are mainly responsible for the results obtained in the 
nitration of p-alkyltoluenes, as Le Févre suggested, and that the localisation of electron 

distribution in the higher alkyl groups plays only a minor part in reactions involving the 
0-position. 
EXPERIMENTAL. 


Velocity Measurements.—The hydrolyses were carried out in electrically controlled thermo 
stats at 78-7° (+ 0-02°) and 48-7° (+ 0-02°). The procedure was similar to that used previously 
(Burkhardt, Ford, and Singleton, /oc. cit.), with the following modifications. Pipettes were used 
having jets directly on the ends of the bulbs so that the bulbs were entirely within the reaction 
flasks, and the emergent stem was a minimum when the meniscus was set. The pipettes were 
calibrated at the temperature of the reaction. The 10 c.c. samples removed for analysis were 
pipetted into 15 c.c. of N/10-alkali, standardised in control experiments on each occasion with 
the same indicator. The excess alkali was titrated with N/20-hydrochloric acid, bromophenol- 
blue being used as indicator in most cases, and all the phenol being assumed to be free at the 
end-point. With the carboxyphenylsulphates, bromothymol-blue was used, and with the 
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isopropylphenol and cinnamic derivatives, phenol-red. In all cases the end-points were 
satisfactory and were controlled by matching. With the carboxylic acid derivatives the 
initial titrations corresponded with the total acidity due to the hydrochloric acid and the 
carboxyl group of the sulphate used. The procedure was further tested by titrating p-hydroxy- 
benzoic acid with alkali under similar conditions (cf. Kolthoff, J. Amer. Chem. Soc., 1935, 57, 
973). As the total acid content obtained from the titrations included the carboxyl group, the 
amount of this, deduced from the concentration of the solution used initially, was deducted 
from the total found in each sample to give the hydrochloric acid and potassium hydrogen 
sulphate which were assumed to be the only effective sources of hydrogen ion for catalysis. 
The hydrolysis of potassium p-aminophenylsulphate could not be followed by a similar titration 
method, the amino-group being too strongly basic. 

Materials.—Phenols for conversion into sulphates were purchased (except those indicated 
below), and the m. p. or b. p. checked. o0- and p-Hydroxyacetophenones were made by Freuden- 
berg and Orthner’s method (Ber., 1922, 55, 1749) for the o-isomeride, which was separated by 
steam distillation (b. p. 206—210°). The p-isomeride was recrystallised from water and 
decolorised in benzene solution by charcoal (m. p. 108° from benzene). 

m-Hydroxyacetophenone. Acetophenone was nitrated (Corson and Hagen, ‘ Organic 
Syntheses,”” Vol. 10). m-Nitroacetophenone was reduced by stannous chloride in aqueous- 
alcoholic hydrogen chloride, giving m-aminoacetophenone (m. p. 99° after one crystallisation ; 
yield 60%). This method of reduction proved more satisfactory than those of Mayer and 
English (Amnalen, 1918, 417, 82) or Rupe, Braun, and von Zembruski (Ber., 1901, 34, 3522). 
The m-aminoacetophenone was diazotised, and the diazonium salt decomposed by running the 
solution into boiling 6N-sulphuric acid. 

m- and ~-Hydroxycinnamic acids, m. p. 191° and 206° respectively, prepared by the Perkin 
reaction (Sonn, Ber., 1913, 46, 4050; Reiche, Ber., 1889, 22, 2356), were reduced by sodium 
amalgam to m- and ~-hydroxy-$-phenylpropionic acids, m. p. 111° and 129° respectively (Tie- 
mann and Ludwig, Ber., 1882, 15, 205). 

o- and p-Ethylphenols were prepared by Clemmensen reduction of o- and p-hydroxyaceto- 
phenones and purified by distillation, the p-isomeride being once distilled in steam; b. p. 198— 
200° and 214—216° respectively. 

o-isoPropylphenol. Salicylic acid was methylated and esterified by the action of methyl 
sulphate and alkali. The subsequent treatment was based on the method outlined by Béhal 
and Tiffeneau (Bull. Soc. chim., 1908, 3, 316). The methyl ether of methyl salicylate in ether 
was run into methylmagnesium iodide (>4 mols.) in ether, and the solution refluxed for 4 hours. 
The o0-isopropenylpheny! methyl] ether was isolated in the usual way and purified by distillation 
under reduced pressure (b. p. 81—82°/15 mm.); it (25 g.) was then reduced in amyl alcohol 
(250 c.c.) with sodium (25 g.). The product, which decolorised cold dilute permanganate only 
very slowly (contrast the mixed product obtained by Béhal and Tiffeneau, using ethyl alcohol 
in the reduction), was steam distilled, extracted, dried, and distilled, first under reduced and then 
under atmospheric pressure (7 g.; b. p. 194—197°). It was demethylated by boiling with 
hydriodic acid for 12 hours, and the o-isopropylphenol isolated by dilution, extraction, solution 
in alkali, reprecipitation with carbon dioxide, and fractionation; -b. p. 210—214°. 

An alternative method was also examined (compare Niederl and Natelson, J]. Amer. Chem. 
Soc., 1931, 58, 1372): phenyl isopropyl ether (34 g.) was heated (125—130°) for 5 hours with 
125 c.c. of a 15% solution of sulphuric acid in glacial acetic acid, and then kept overnight. 
The phenolic products, reprecipitated from alkaline solution with acid, were fractionated under 
13—14 mm., giving fractions b. p. 80—100° (8 c.c.). and 170—180° (5c.c.). Refractionation of 
the first fraction gave a product corresponding with that obtained by the first method. The 
second fraction solidified, and was recrystallised from aqueous alcohol; m. p. 121—122° 
(unidentified). ., 

2-Hydroxydiphenyl. A commercial specimen was dissolved in sodium hydroxide, and the 
solution extracted with ether. The phenol was liberated by carbon dioxide, taken up in ether, 
and obtained by evaporation. It crystallised from boiling ligroin (b. p. 40—60°) (charcoal) ; 
m, p. 58—59°. 

3-Nitrodiphenyl was prepared from diazotised m-nitroaniline and benzene by the method of 
Blakey and Scarborough (J., 1927, 3000), except that it was isolated from the tarry crude product 
by distillation in superheated steam (170° on entering the flask) and purified by crystallisation 
from alcohol, m. p. 62°. This was more convenient than ligroin extraction (Blakey and Scar- 
borough) and better than distillation under 2—3 mm., which resulted in considerable loss by 


decomposition. 
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3-Aminodiphenyl, obtained by reducing the nitrodiphenyl as for the 4-isomeride, was shaken 
in ethereal solution with dilute sulphuric acid; the sulphate which separated was recrystallised, 
decomposed with alkali, and the amine crystallised from ether; m. p. 30°. 

3-Hydroxydipheny] was obtained from the diazotised amino-derivative as for the 4-isomeride. 
The tarry product was extracted with ligroin, the solution nearly decolorised with charcoal, and 
the product obtained on evaporation recrystallised from ligroin (b. p. 40—60°); m. p. 75°. 

4-Nitrodiphenyl, m. p. 113—114°, prepared by nitration of diphenyl (Luddens, Ber., 1875, 
8, 871) and recrystallised from glacial acetic acid, was reduced to the amino-derivative by 
stannous chloride in aqueous-alcoholic hydrochloric acid (Schlenk, Annalen, 1909, 368, 303), 
and the amine (17 g.) was converted into 4-hydroxydiphenyl by adding the solution of the 
diazonium derivative to hot sulphuric acid (750 c.c.; 30%). The tarry product was distilled 
with superheated steam (150°), and the phenol recrystallised from 20% aqueous alcohol (m. p. 
162—163°). 

4-Hydroxydiphenyl was obtained more quickly by diazotising aniline (34 g.) in dilute 
sulphuric acid (2:1, by wt.) and adding the resulting solution in portions to phenol (170 g.) 
heated on a steam-bath (Norris, MacIntire, and Corse, Amer. Chem. J., 1903, 29, 120; Raiford 
and Colbert, J. Amer. Chem. Soc., 1925, 47, 1454). The mixture of 2- and 4-hydroxydiphenyls, 
isolated by distillation in superheated steam, was separated by treatment with ligroin (b. p. 
60—80°), and the residue after extraction was crystallised from 20% aqueous alcohol; 12 g., 
m. p. 162—163°. 

Preparation of the potassium arylsulphates. All were prepared by the method of Burkhardt 
and Lapworth (J., 1926, 684), apart from the modifications indicated below. 

Potassium o-, m-, and p-aldehydophenylsulphates. Pyridine was used instead of dimethyl- 
aniline, and potassium carbonate instead of the hydroxide. 

Potassium m- and p-acetylphenylsulphates. Pyridine was again used as the base, and excess 
of it as a solvent to replace carbon disulphide, in which the phenols were too insoluble. Potas- 
sium carbonate replaced the hydroxide. 

Potassium m-carboxyphenylsulphate. Chlorosulphonic acid (2-2 mols.), m-hydroxybenzoic 
acid (1 mol.), and dimethylaniline (5 mols.) were used to allow for the action of chlorosulphonic 
acid with the carboxyl group to give the mixed anhydride, which was hydrolysed by alkali in 
the extraction. Unchanged m-hydroxybenzoic acid was extracted by ether from the aqueous 
extract after acidification (controlled by indicator) below 5°. The aqueous solution was made 
alkaline, evaporated to small bulk, potassium sulphate and chloride removed, and monopotas- 
sium m-carboxyphenylsulphate precipitated together with some potassium sulphite by passing 
sulphur dioxide through the solution. The required product was extracted in methyl] alcohol 
and crystallised. 

Potassium p-carboxyphenylsulphate. The anhydrous dipotassium salt of -hydroxybenzoic 
acid was used instead of the free phenol. It was prepared by evaporating a solution con- 
taining equivalent quantities of potassium hydroxide and the acid, and dried by means of benzene 
distillation and exposure in a vacuum desiccator. Excess chlorosulphonic acid was used to allow 
for small amounts of water, and the preparation continued as for the m-isomeride; 30% of 
p-hydroxybenzoic acid was recovered unchanged. The dipotassium salt of the product is 
relatively insoluble, so that only small quantities of the required mono-potassium salt could be 
obtained by precipitation with sulphur dioxide. 

Potassium salts of the sulphates of m- and p-hydroxy-cinnamic and -8-phenylpropionic acids. 
As for potassium m-carboxyphenylsulphate, except that the hydroxy-acid was added in solution 
in excess of pyridine (3 mols. at least), which was used as the base throughout. 

Purification of the potassium arylsulphates was generally effected by extraction from the 
crude product with methyl alcohol, followed by recrystallisation from this solvent and from 
water. The p-aldehydo- and p-acetyl-salts were separated from inorganic matter by extraction 
with methyl alcohol, and recrystallised several times from water. 

With the o- and m-aldehydo-acid and m-acetyl-salts, which were too soluble to separate 
from solution without a large amount of inorganic material, the latter was first precipitated by 
the addition of hot ethyl alcohol to the hot concentrated solution. The mother-liquor was then 
evaporated, and the product recrystallised from ethyl alcohol. Of the potassium carboxy- 
phenylsulphates, the m- was extracted with 75% aqueous acetone and recrystallised from methyl 
alcohol, whereas the p-isomeride, which was hydrolysed in extraction with aqueous acetone, 
was extracted and crystallised from methyl alcohol. The product contained a trace of 
potassium chloride. 

The sulphates obtained from m- and p-hydroxycinnamic acids were crystallised from 75% 
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methyl alcohol, and for those from m- and p-hydroxy-8-phenylpropionic acids absolute methyl 
alcohol was used. The m-derivatives contained small percentages (2%) of dipotassium salts 
which had solubilities too close to those of the monopotassium salts for complete separation. 
Allowance was made for this in estimating the initial acidity of the solutions used in the 
hydrolysis. 

The isomeric potassium diphenylsulphates were recrystallised several times from 50% methyl 
alcohol. 

All products were tested for inorganic sulphate and chloride, and for the free phenol when 
possible, and the potassium was determined quantitatively. Except those for the carboxy- 
derivatives indicated above, all the results gave the theoretical molecular weights within 0-2— 
0-9%. In cases where contamination with potassium carbonate was troublesome in the puri- 
fication, this was converted nearly completely into potassium sulphate before the potassium 
arylsulphate was taken into the organic solvent used in the purification. 


THE UNIVERSITY, MANCHESTER. [Received, May 5th, 1936.) 





367. Heats of Formation and of Solution of Some Isomeric 
Cobaltammines. 


By T. C. J. OvENstTon and H. TERREY. 


IN connexion with some work on the velocity of transformation of isomeric cobaltammines, 
it was necessary to determine their heats of formation in solution, and the method adopted 
was to decompose the ammine with an excess of M-sodium sulphide (cf. Lamb and Simmons, 
J. Amer. Chem. Soc., 1921, 43, 2189). The reaction can be represented for the tetrammine 
salts by the equation 2{Co(NH,),CI,|Cl + 3Na,S = Co,S, + 8NH; + 6NaCl + 20 cals. 
If, now, the heats of formation in solution 
of sodium sulphide and chloride and ammonia 
(or ethylenediamine) and the heat of form- 
ation of solid cobaltic sulphide are known, 
then the required heat of formation can be 
calculated from Q. The necessary values 
were obtained from “ International Critical 
Tables,” that for solid cobaltic sulphide being 
yo ng a a theoretical one, however, as there is no 
; simple method for its direct determination. 





EXPERIMENTAL. 


The apparatus used is shown in the diagram. 
It consisted of a 1-litre Dewar flask almost 
completely submerged in a small tank of water ; 
the rotary stirrer was driven by a motor at a 
constant speed, and the thermometer was a 
standard instrument capable of being read to 
0-001°. The electrical heater was constructed 
of no. 38 gauge Eureka wire, possessing a 
negligible temperature-resistance coefficient. 
Some difficulty was encountered in coating this 
coil. Bakelite was first tried, but it would not 
withstand the action of sodium sulphide solu- 
tion. The most satisfactory method was to 
grind some asphalt in a little benzene, allow the solution to evaporate until it became syrupy, 
paint the syrup on the coil, and allow it to dry in the air. This gave a polished coating which 
would keep in good condition for a few weeks. The same volume of solution (398 + 0-4 c.c.) 
was used in each experiment. 
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The heat capacity of the Dewar flask and its contents was found by passing a steady current 
through the heating coil for a known time. The constancy of the current was assured by 
the use of large-capacity accumulators, and was measured by means of a silver coulometer. The 
resistance of the heater was determined separately by the bridge method, and checked between 
each experiment in which it was used. The combined effects of stirring, radiation, and 
conduction were allowed for by taking temperature measurements over long periods before and 
after the heating current was applied, the true rise in temperature being determined graphically. 
The actual values obtained were: (a) with M-sodium sulphide in the calorimeter, 431-0, 429-7, 
432-9, mean 431-2 cals.; (b) with water in the calorimeter, 435-7, 437-0, 436-8, mean 436-5 cals. 
In the actual measurements the heat capacity of the cobaltammine had to be added to the 
above values. This was calculated with sufficient accuracy from the atomic heats of the 
elements concerned, and was found to be 0-3lw for the tetrammine and 0-33w for the bisethylene- 
diamine isomerides, w being the weight of ammine used. 

Heats of Reaction.—The method of introduction of the salt is evident from the diagram, 
trouble from splashing being obviated in this way. The small container was weighed before and 
after being tipped. The stirring, which was commenced about one hour before addition of the 
salt, was fairly vigorous. The initial temperature inside the calorimeter was arranged to be 
about 2° higher than that of the water in the tank. The temperature readings prior to the 
reaction fell slowly, the heating effect of the stirrer not being enough to counteract the cooling 
due to conduction and radiation. After addition of the cobaltammine, the stirring was 
continued at the same rate, but its heating effect was considerably increased owing to the 
formation of the cobaltic sulphide precipitate. The readings at the end of the experiment, 
however, rose quite gradually, and no difficulty was experienced in determining the true 
temperature change. Most of the reaction took place immediately on dropping the salt into the 
liquid, but generally about 10 minutes elapsed before readings became uniform, probably 
owing to small particles of salt becoming covered with a layer of sulphide. The composition 
of the latter was determined each time by analysis to ensure that it was Co,Ss. 

The results are summarised in the following table. The agreement for the tetrammine 
isomerides was good, but for the bisethylenediamine derivatives the maximum deviation was as 
much as 3-8%. 


Heat Heat of 
Salt. Wt. (g.). Temp. rise. capacity, cals. reaction, cals. Mean, cals. 
trans-[Co(NH,),CI,]Cl......... f —-2-1122 0-340° 431-9 16,270 
taille tiaiien 1-2-1983 0-356 431-9 16,330 } 16,300 
is-[Co(NH,),CI,]Cl............ 0-9961 0-167 431-5 16,890 
oR ers { 1-4009 0-236 431-6 16,970 } 16,930 
( 1-3820 0-154 431-7 13,730 
tvans-[Co en,Cl,]Cl ............- 2-0941 0-241 431-9 14,180 | 14.060 
| 0-9906 0-112 431-5 13,930 | 7 
1-6098 0-188 431-7 14,390 
( 1-6994 0-186 431-8 13,490 
is-[Co en,Cl,]Cl .........000000. 1-0925 0-121 431-6 13,650 , 
cis-[Co en,Cl,] | 14831 0-153 431-7 12,710 | 13,150 
1-4869 0-154 431-7 12,760 
These values lead to the following heats of formation in the solid state : 
Heat of Heat of 
Salt. formation (cals.). Salt. formation (cals.). 
( 
tvans-[Co(NH,),Cl,]Cl ............ 214,800 trans-[Co engCl,]Cl ............06. 171,920 
Cis- ot) ? eidedddecee 214,170 cis- a SU Mo ddedecede 172,830 


Owing to the limited accuracy of the values for the other salts involved in the calculations, the 
above values are probably correct to only three significant figures; the differences between the 
pairs of isomerides, however, are more accurate than this. 

Heats of Solution—The same apparatus was used for the determination of the heats of 
solution, water being substituted for the sodium sulphide solution.. A difficulty is caused by a 
slow reaction with water to give aquo-salts. With the bisethylenediamine salts, this reaction is 
comparatively small at 10°, and no appreciable error is introduced by working at this 
temperature. The tetrammines react more readily, however, but the determinations for the 
cis-isomeride were successfully carried out at 3°; owing to the slight solubility of the ¢vans-form 
at this temperature, it was necessary to work at 8°. No appreciable error is introduced by 
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regarding the heats of solution at 20° as the same as at the temperature actually used. The 
results are summarised below. 
Heat of Heat of Heat of formation 
Salt. formation, cals. solution, cals. in solution, cals. 

tvans-[Co(NH,),Cl,]Cl 214,800 —8290 206,510 

cis- - 214,170 — 9510 204,660 
trans-[Co en,Cl,]Cl 171,920 —5340 166,580 

cts- oi 172,830 — 8010 164,820 


Tue Str WILLIAM RAMSAY LABORATORIES OF INORGANIC AND 
PHYSICAL CHEMISTRY, UNIVERSITY COLLEGE, LONDON. [Received, August 13th, 1936.] 





368. The Effects of Sodium Chloride and Aniline Hydrochloride upon the 
Surface Tensions and Partial Vapour Pressures of Aqueous Aniline 


Solutions. 
By JAMES C. SPEAKMAN. 


Wor ey (J., 1914, 105, 210) noted that addition of sodium chloride to an aqueous aniline 
solution caused a decrease of surface tension, although its addition to water was well 
known to cause an increase, and he explained this qualitatively by attributing the lowered 
surface tension to an increase in the adsorption of aniline in the surface as a result of its 
being salted out. It was decided to subject this interpretation to quantitative examination, 
and generally, to determine how far the surface behaviour of aqueous aniline solutions, 
as previously observed (J., 1935, 776), was affected by addition of salts. The surface 
tensions and the partial vapour pressures of aniline have therefore been measured for aqueous 
solutions containing (a) sodium chloride (which has a salting-out effect), (b) aniline hydro- 
chloride (which has an opposite, “ salting-in ” effect), and (c) both these solutes together. 
The bearing of the data upon the salting-out effect and related phenomena has also been 


considered. 
EXPERIMENTAL. 


The methods used for determining surface tensions and partial vapour pressures were as 
already described (J., 1933, 1449; 1935, 777). All measurements were made at 20-0°. 

Seith (Z. physthal. Chem., 1925, 117, 265) made some surface-tension measurements, by means 
of the vibrating-jet method, on solutions of aniline containing sodium chloride. His results 
do not cover a wide concentration range, but they are somewhat lower than those now found. 
The discrepancy increases with the surface adsorption, and it is conceivable that his method, 
which involves surfaces of rapidly fluctuating area, may give rise to some error when applied to 
solutions showing strong adsorption. 

Materials and Solutions.—The aniline was purified as before (loc. cit.). The sodium chloride 
was of A.R. quality and was dried. Aniline hydrochloride was prepared immediately before 
use by dissolving the base in the acid (‘‘ Special for Analysis’’). Boiled-out distilled water 
was always used. Solutions were prepared by weighing out the aniline, adding an appropriate 
volume of 4M-sodium chloride and/or 2M-hydrochloric acid, and diluting them to a definite 
volume. As they became somewhat discoloured during several days’ standing, they were used 
while fresh. All concentrations are given as molarities; the densities of the solutions are, 
however, known with sufficient accuracy (see below) to enable these to be converted into other 
units. Observations have been made on solutions of aniline, covering the whole concentration 
range up to saturation, in the following six liquids: water (/oc. cit. 1935), 1-00M- and 2-00M- 
sodium chloride, 0-50M- and 1-00M-aniline hydrochloride, 1-00M-sodium chloride + 1-00M- 
aniline hydrochloride. ‘ 

A special procedure was adopted for preparing saturated solutions of aniline. The solubility 
being approximately known, a solution of 4—5% lower concentration was prepared in the usual 
way; a small excess of aniline was then added, and the liquid warmed, shaken, and cooled to 
20-0° before use. Saturated solutions were used only for determinations of vapour pressure, 
and not for those of surface tension, the latter being deduced by a short extrapolation (cf. Joc. 
cit., 1935). 

Densities.—The densities of some of the solutions at 20-0° were measured with a pyknometer, 
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and from the results those of others were inferred. Table I gives the densities of the salt solu- 
tions containing no aniline; as the aniline concentration is increased, the density also increases 
slightly and linearly according to the equation pe, = p, + 0-0045c, where p, is the density at 
aniline concentration c. (The accuracy is + 0-05%.) 


TABLE I. 
Densities of salt solutions at 20-0°. 


NaCl NaCl NH,Ph,HCl NH,Ph,HCl NaCl-+NH,Ph,HCl 
1-00 2-00 0-50 1-00 | each 1-00 
1-0380 1-0757 1-0119 1-0251 1-0636 


Solubilities.—The solubilities of aniline in the salt solutions were determined by keeping a 
saturated solution (prepared as described above) in a stoppered flask immersed in the thermo- 
stat for several days untilclear. A portion of the aqueous phase was then drawn off in a warmed 
pipette and diluted, and aliquot portions were analysed by the bromate method (/oc. cit., 1935). 
The results, averages of two or three determinations, are in Table II. 
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Results.—Individual experimental results are in Table II. Average values are represented 
by the continuous curves in Figs. 1 and 2. The broken curves give, for comparison, the results 
with aqueous solutions taken from the earlier paper. ‘y represents surface tension (in dynes/cm.), 
and the partial vapour pressure of aniline (in mm.). 

Considering, first, the action of sodium chloride (Fig. 1), it is clear that the truth of the state- 
ment that addition of this salt lowers the surface tension of an aniline solution depends upon 
the concentration of the latter, since the surface tension—concentration curves intersect. 
Worley’s explanation of the action of sodium chloride is simply tested by plotting the surface- 
tension lowering, y, — y = F, against the partial pressure of aniline for each series; this elim- 
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TABLE II. 


Surface Tensions and Partial Vapour Pressures of Solutions of Aniline. 


(a) In sodium chloride solutions. 








1-00M-NaCl. 2-00M-NaCl. 
Concn. of Concn. of 
NH,Ph. y: p. NH,Ph. y: p- 
0-000 74-4 0-000 0-000 76-2, 76-3 _- 
0-022 72-7, 72-7 -—— 0-055 65-5, 65-7 0-114 
0-055 68-0, 67-9 0-084 0-074 61-7 0-148, 0-151 
0-075 64-4, 64-2 0-115, 0-114 0-116 55-7, 55-7 0-230 
0-111 59-5 0-163, 0-159 0-158 51:3 0-300, 0-300 
0-179 53-1, 53-3 0-260 0-175 49-7 = 
0-226 50-0, 50-3 0-306, 0-312 0-183 49-4 0-343 
0-185 49-0, 48-9, 48-8 0-344 
0-250 48-7, 48-9 0-332, 0-332 0-191 48-4 0-354 
0-275 _- 0-364, 0-360 0-196 — 0-360, 0-356, 0-362 
(satd.) (satd.) 
(b) In aniline hydrochloride solution. 
0-50M-NH,Ph,HCl. 1-00M-NH,Ph,HCl. 
0-000 69-6, 69-6, 69-7 — 0-000 67-1, 67-1 --- 
0-041 67:3 -— 0-060 61-7 _— 
0-105 59-3, 59-7 0-099 0-121 56-6, 56-7 0-098, 0-102 
0-162 55-2, 55-2 0-149, 0-147 0-218 50-5 —_ 
0-257 50-1 0-218 0-271 48-3, 48-3 0-193, 0-193 
0-290 — 0-248 0-317 -- 0-223 
0-356 46-5 0-285, 0-290 0-361 45-5, 45-8 — 
0-418 44-6 0-320, 0-319 0-431 44-1 0-276 
0-425 44-7, 44-4 _- 0-478 43-3 0-293 
0-465 -— 0-347, 0-352 0-528 42-4 a 
(satd.) 0-548 42-1, 42-3 = 
0-575 41-6, 41-6 = 
0-590 —_ 0-338, 0-345 
(satd.) 
(c) In 1-00M-sodium chloride + 1-00M-aniline hydrochloride solution. 
0-000 65-0, 65-2, 65-0 — 0-260 44-8 0-218 
0-028 61-9, 61-7 — e 0-343 42-5 42-5 0-272 
0-055 58-2, 57-9 — 0-395 41-2, 41-5 0-288 ( ?) 
0-083 54:8 0-083, 0-082 0-418 41-1, 41-0 0-313 
0-434 40-7, 40-6 ~- 
0-094 53-7, 53-9 —- 0-436 40-4 0-325, 0-321 
0-465 -- 0-335, 0-339 
0-127 51-5 0-123, 0-121 (satd.) 
0-201 47-1, 47-3 , 0°178, 0-179 


inates the initial effect of the salt in raising the surface tension of water. The result is shown 
in Fig. 3. The curves for water and for sodium chloride solutions (A, B, C) have similar shapes 
but diverge considerably at higher concentrations. The explanation cannot therefore apply 
exactly, and a reason for the divergence is suggested later. 

To a first approximation, aniline hydrochloride, which has a salting-in effect upon the base, 
acts in a symmetrically opposite sense to sodium chloride : it extends the surface-tension and 
vapour-pressure curves over a larger concentration range (Fig. 2). There are important differ- 
ences, however. The surface-tension curves A, D, and E do not intersect, so this salt always 
lowers the surface tension of aniline solutions. The vapour-pressure curves differ in that the 
maximum value for saturated solutions of aniline is not constant, as with sodium chloride, 
but diminishes -with increasing hydrochloride concentration (see p. 1665). Furthermore, when 
the F—p curve is compared with that for water, there is a greater difference than with sodium 
chloride. In Fig. 3, for simplicity, only the curve for 1-00M-hydrochloride (£) is shown. 

Salting-out Effects.—Data such as those given in Table IIa have been used in two different 
ways for calculating the hydration numbers of salts. Both assume that the water molecules 
attached to the ions are prevented from filling their réle as solvent : one method then directly 
calculates the decrease in solvent power revealed in the salting-out effect; the other infers the 
decrease in solvent power by comparing the changes in surface tension produced when a surface- 
active solute is added first to water and secondly to the salt solution. It has been considered 
(e.g., Freundlich and Schnell, Z. physikal. Chem., 1928, 133, 151) that the two methods give con- 
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cordant results. Reference to Fig. 3 shows that for sodium chloride the relationship between 
F and ? varies slightly, but definitely, with salt concentration; it therefore follows that the two 
methods will give similar, but cannot give identical, hydration numbers. 

The large salting-in effect of aniline hydrochloride is probably specific, for such an effect is 
commonly noticed when an organic acid or base is dissolved in a solution of its salt (see, e.g., 
Randall and Failey, Chem. Rev., 1927, 4, 300; Bennett, Brooks, and Glasstone, J., 1935, 1823). 
The effect suggests that there is some attraction between the aniline and its hydrochloride 
(presumably the anilinium ion). Evidence for an attraction is furnished by the supposed 
existence of compounds such as (NH,Ph),,HCl (Thonus, Proc. K. Akad. Wetensch. Amsterdam, 
1913, 16, 553; Mandal, Ber., 1920, 58, 2216). It is possible that such compounds arise meso- 
merically (by the operation of resonance forces), somewhat as follows : 


® ® 
C,H,NH,—H NH,°C,H,@ C,.H,NH, H—NH,°C,H,; 
and if this is true, a tendency for aniline molecules and anilinium ions to attract one another in 
solution may arise similarly. 

The fact that the maximum pressure of aniline at saturation was diminished by the presence 
of hydrochloride (e.g., from 0-360 to 0-342 mm. by 1-00M-salt) suggested that this salt dissolved 
in the non-aqueous phase. Quantitative analysis of conjugate phases confirmed this, and en- 
abled the distribution ratio to be determined. The results are shown in Table III. The dis- 
tribution ratio varies with, and shows no simple dependence upon, concentration. The results 
agree satisfactorily with those of Sidgwick, Pickford, and Wilsdon (J., 1911, 99, 1216), obtained 
in a different manner. . 





TABLE III. 
Distribution of aniline hydrochloride between the aqueous and the aniline phase at 20-0°. 
Aqueo hase. Aniline phase. 

P wccacanerd sam + peace , Distribution ratio 
Concn. of free NH,Ph. Concn. of NH,Ph,HCl. Concn. of NH,Ph,HCl. d. (water /aniline). 

0-461 0-458 0-123 1-026 3-72 

0-532 0-804 0-451 1-035 1-78 

0-555 0-879 0-558 1-037 1-58 


The results for the series of solutions containing both sodium chloride and anilinc hydro- 
chloride are represented by curves G in Fig. 2. The F-p curve (not shown in Fig. 3) closely 
resembles that for 1-00M-hydrochloride alone. In the presence of 1-00M-sodium chloride and 
1-:00M-aniline hydrochloride the partial pressure of aniline above the saturated solution (0-337 
mm.) is lower than it is in the presence of the hydrochloride alone (0-342 mm.). This is evidence 
that sodium chloride increases the concentration of hydrochloride in the non-aqueous phase, 
and therefore exerts a salting-out effect upon it (cf. p. 1668). 

Hydrolysis of Aniline Hydrochloride.—It might be thought that the aniline liberated by hydro- 
lysis of the hydrochloride would affect the surface-tension measurements. However, the dis- 
sociation constant of the base being 4-0 x 10-, the concentration of free aniline in a M-solu- 
tion of the salt is only about 0-005M; this would cause a barely perceptible change in surface 
tension; for solutions containing added aniline the change would be imperceptible. In any 
case this effect can be neglected without prejudice to the thermodynamic argument. 

Surface Adsorptions.—In order to interpret the data now obtained, it is necessary to evaluate 
the surface adsorptions of aniline. This was done for the aqueous solutions studied earlier 
(loc. cit.) by use of the Gibbs adsorption equation in the simple form applicable to two- 
component systems, v7z., 

T = — (1/kT).dy/dlogep . «© «© «© «© e © © © GD) 


(k is the Boltzmann constant, and I’ the adsorption expressed as molecules per sq. cm.; the 
vapour pressure of aniline, p, is taken as proportional to its activity.) The systems considered 
now, however, consist of at least three components, so the simple equation is not valid. The 
rigid treatment of three-component systems involves more complicated equations (e.g., Butler 
and Lees, J., 1932, 2097; Belton, Trans. Faraday Soc., 1935, 31, 1413, 1648), whose usefulness 
is restricted by lack of data. 

Nevertheless, it may be shown that, for the systems studied here, the use of equation (1) 
involves no considerable error. For three-component systems the general form of the Gibbs 
isotherm can be written 
dy = —Tydp, —Tydpns -  - se ee wee (2) 
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where p, and p, are the chemical potentials of two of the components (aniline and salt respectively 
in this case), and I’, and I, their adsorptions measured with respect to the third component 
(water). Again, taking the partial vapour pressure of aniline as proportional to its activity, 
and letting the concentration of the salt be c and its mean ion activity coefficient /, we have 


dy = —T,kT .d log, p — 27 AT . d log, fe. 
In each series c is constant, so that 


— dy =T,AT . d log, p + 21,47 . d log, f, and 


— ap(giths). = Pe + (FEZ), eT PY ae 


To justify the use of equation (1) it is only necessary to show that the last term in (3) is negligible 
here: I’, will certainly not be large for sodium chloride, and in all series (0 log, f/0 log. >). will 
almost certainly be very small. In effect, this term represents the change in the activity 
coefficient of the salt brought about by the addition of aniline. Since the aniline is always 
at very low concentration (the mol.-fraction not exceeding 0-01 and generally being much less), 
the change should be negligible. Several investigations of the activity of an electrolyte in a 
mixed solvent have shown that the activity coefficient-mol.-fraction curve tends to become 
parallel with the composition axis at low concentrations of the organic liquid (e.g., Scatchard, 
J. Amer. Chem. Soc., 1927, 49, 217; Akerléf, ibid., 1930, 52, 2359; but cf. Hamilton and Butler, 
Proc. Roy. Soc., 1932, A, 188, 450). In any case it seems unlikely that aniline molecules at such 
a low bulk concentration would have any considerable specific interaction with sodium or 
chloride ions; with anilinium ions some slight interaction is admittedly probable. The use of 
equation (1) is therefore tolerably justified, especially for the solutions containing sodium chloride. 

On the basis of this equation, adsorptions of aniline have been worked out, either graphically 
by plotting surface tension against log » and taking tangents, or by an equivalent calculation 
(Schofield and Rideal, Proc. Roy. Soc., 1925, A, 109, 66, 71). The resulting values are very 
sensitive to slight irregularities in the data; they were therefore plotted against aniline con- 
centrations, and a smooth curve drawn between the points; curves so obtained are reproduced 
in Fig. 4, and adsorptions taken from these curves are given in Table IV, the corresponding 
values for the series of solutions containing both salts being included (section c). Since the last 
system is one of four components, use of equation (1) for calculating adsorptions is less justi- 
fiable, but the results will probably be of the correct order of magnitude. 


TABLE IV. 


Surface Adsorptions (interpolated at Round Concentrations) for Solutions of Aniline. 


(a) In sodium chloride solution. _ (b) In aniline hydrochloride solution. 


Concn. of 1-00M-NaCl. 2-00M-NaCl. Concn. of 0-50M-NH,Ph,HCl. 1-00M-NH,Ph,HCl. 
NH,Ph. r x 104, r x 104, NH,Ph. r x 10", rT x 10". 
0-000 0-000 
0-015 0-030 
0-030 0-060 
0-050 0-100 
0-075 0-150 
0-100 0-200 
0-125 0-250 
0-150 0-275 
0-175 0-325 
0-196 : 0-350 
(satd.) 0-400 
0-200 q 0-425 
0-230 0-465 
0-275 (satd.) 
(satd.) 0-500 
0-585 
(satd.) 
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(c) In 1-00M-sodium chloride + 1-00M-aniline hydrochloride solution. 


Concn. of NH,Ph 0-000 0-030 0-060 0-100 0-150 0-200 0-250 0-300 0-390 
08 18, 24 26, 27% 27, 27%, 2-8, 
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DISCUSSION. 


In the earlier work it was shown that, as the bulk concentration rises towards satur- 
ation, a complete unimolecular film of aniline molecules (4-2, x 10!*/cm.?) is gradually 
built up at the surface. Considering, first, the effect of sodium chloride, it is seen (Fig. 4; 
A, B, C) that, although the limiting maximum adsorption is not notably affected by the 
presence of the salt, the concentration at which this limiting adsorption is approached is 
greatly lowered as a result of the salting-out effect. This point has sometimes been over- 
looked. 

Secondly, with regard to the divergence between the F-# curves for the aqueous and 
the sodium chloride series (Fig. 3; A, B, C), the values of F for the latter show a positive 
divergence, 1.¢., the surface tensions are lower than would correspond to an exact agreement 
with Worley’s interpretation. This might be expected if the salt, which is negatively 
adsorbed in pure aqueous solution, were less (negatively) adsorbed when there is a film of 
orientated aniline molecules upon the surface. It can be shown that this is not unlikely. 
The negative adsorption of a salt such as sodium chloride is probably due chiefly to the 
hydration of its ions, which cannot reach the surface without expenditure of the energy 
needed to strip them of their hydrating molecules. Moreover, in so far as cations are 
generally more hydrated than anions—and in particular, sodium more than chloride (see 
Glasstone, “‘ Electrochemistry of Solutions,” p. 46)—the latter will have less difficulty in 
approaching the surface. At the surface of a sodium chloride solution there will thus tend 
to be a potential difference, which will be negative compared with that at a pure water 
surface. Frumkin’s measurements (Z. physikal. Chem., 1924, 109, 38) show that the poten- 
tial is — 4 millivolts for the 2-00M-solution. At the surface of an aniline solution, on the 
other hand, Frumkin, Donde, and Kulvarskaja (tbid., 1926, 123, 321) found a strongly 
positive potential—about 140 millivolts for surfaces with a complete film of adsorbed 
molecules. This potential is no doubt due to interaction between the orientated aniline 
molecules and the underlying water surface, and, being in an opposite sense to that for the 
pure salt solution, will oppose the state of affairs existing there and tend to decrease the 
negative adsorption of the salt. The matter may be considered from a different aspect. 
A sodium ion, in order to reach the surface of its aqueous solution, must become partly 
dehydrated ; but, when there is a film of aniline molecules on the surface, it may penetrate 
to the film, 7.¢., to the surface of the region occupied by water molecules, by exchanging 
some of its water of hydration for the aniline molecules already suitably orientated, a 
process which would certainly require the expenditure of far less energy. The same factor 
may operate to a less extent with the chloride ion also. Since in the present work all 
adsorptions are calculated with respect to the water, this behaviour would appear as 
a decrease in the negative adsorption of sodium chloride. 

That such a decrease actually occurs may be demonstrated from the results. If py, 

is kept constant, equation (2) may be rewritten 


— Gee hes st ltl ltl tlt hey Oe 


It is valid in the present instance to replace the condition of constant chemical potential 
by one of constant partial vapour pressure. If, as before, the activity coefficient of the 
salt is assumed to be unaffected by the presence of the small concentration of aniline, 
equation (4) may be used in the form 


— (1/2kT)(@y/O log. fe)p=T3. - - »- - + + (8) 


Therefore, by plotting surface tension against the logarithm of the activity of the salt 
(under conditions of constant partial pressure of aniline), an estimate of the salt adsorption 
can be made. The values so calculated are shown in Table V; e.g., with the 2-00M-salt 
solution, the adsorption changes from — 0-4 x 10" for the solution containing no aniline 
to about — 0-15 x 10" for a sufficiently concentrated aniline solution to have an almost 
complete surface film. A similar conclusion is reached for the 1-00M-solution. 

Regarding the data for solutions containing aniline hydrochloride, it is seen that the 
adsorption of aniline (Fig. 4, curves D, E; Table IVb) shows an important difference here. 
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TABLE V. 
The Effect of Aniline on the Estimated Surface Adsorptions of Saits. 
r x 10", 
‘In absence of In presence of : 
Salt solution. aniline. adsorbed aniline. 
ROE ocbccsagsucsitececsingpatestedensecveoteve —0°3 — 0-05 
SIE Nocddctiicdsssbecetssccbvsccwiavenesteness —O0-4 —0-15 
RIL epvnnsesntedssanicdsscneesaioskis 0-4 0-5 
Pk errr rere are 0-8 0-7; 
1-00M-NaCl-+-1-00M-NH,Ph,HC1 ..............- (1-2) — 


Instead of reaching a maximum value of about 4-2 x 104, as for aqueous and sodium 
chloride solutions, the maxima are smaller, Tr x 10“ being 3-5 and 3-1 respectively for 
0-50M- and 1-00M-hydrochloride solutions. This is because aniline hydrochloride, unlike 
sodium chloride, is itself positively adsorbed at the surface. The anilinium ion, which is 
but little if at all hydrated (Remy and Reisener, Z. physikal. Chem., 1927, 126, 161; 
Remy, Trans. Faraday Soc., 1927, 23, 386), will have no cause for avoiding the surface ; 
and, being largely hydrocarbon, it will tend to go into the surface and become orientated 
there. Estimates of the amounts adsorbed can be reached by following the same procedure 
as for sodium chloride. In the absence of data regarding the activity coefficients of aniline 
salts, those of Scatchard and Prentiss (J. Amer. Chem. Soc., 1932, 54, 2702) for ammonium 
chloride were taken as an approximation. The adsorptions found cannot be considered 
accurate, but will probably be of the right order (Table V). Since it is the anilinium ions 
that are actually in the surface, and since these are larger than chloride ions, the ad- 
sorptions can be considered as referring simply to the cations. To find the total adsorption, 
the values for the anilinium ions should be added to those for the aniline molecules. When 
this is done, the number of molecules + ions found (3-9—4-0 x 10 per sq. cm.) differs 
little from that found for the other solutions discussed (4-0—4-3 x 104). The slight differ- 
ence, if significant, may indicate that anilinium ions occupy rather more space than do 
aniline molecules; in view of the like charges on the ions, this is not improbable. 

Finally, the adsorptions found for the solutions containing both sodium chloride and 
aniline hydrochloride, though less reliable, clearly show that an even smaller maximum 
value of about 2-8 x 10" is reached at saturation (Fig. 4, G; Table IVc). This unex- 
pected result probably arises becauses sodium chloride exerts a salting-out effect on the 
hydrochloride also (see above) and enhances its adsorption. It is evident that the hydro- 
chloride lowers the surface tension of a sodium chloride solution more than that of pure 
water; when water dissolves 1 mol. of aniline hydrochloride per litre, the surface tension 
falls from 72-75 to 67-1, whereas, if 1 mol. of sodium chloride per litre is also present, 
the fall is from 74-4 to 65-0. A very rough estimate of the aniline hydrochloride adsorbed 
from this mixed solution leads to a value of about 1-2 x 10%. Added to the 2-8 x 10“ 
molecules/cm.? for the aniline alone, this again leads to a total adsorption of approximately 
4:0 x 10". 


THE UNIVERSITY, SHEFFIELD. [Received, August 31st, 1936.] 





369. The Unsaturation and Tautomeric Mobility of Heterocyclic Com- 
pounds.: Part VIII. B-Naphthathiazole, 5:6: 7: 8-Tetrahydro-B- 
naphthathiazole, and 5-Phenylbenzthiazole Derivatives. 


By R. D. Desat, R. F. HUNTER, and M. A. KUREISHY. 


THE contrast in behaviour of the 2-arylamino-4-methylthiazoles (Hunter and Parken, 
J., 1934, 1175) and 1-anilinobenzthiazole (Hunter and Jones, J., 1930, 2190) towards 
methylating agents suggests that fusion of a benzene nucleus with a thiazole ring reduces 
the aromatic character of the latter, leading to the production of isomeric methyl deriv- 
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atives corresponding to both forms of the semicyclic amidine. The investigation of the 
g-naphthathiazole system (I =» II) was therefore undertaken in continuation of the earlier 
study of the «-naphthathiazoles (Hunter and Jones, J., 1930, 941). 


NSE XIH a CP oe 






(II.) 


I 


2-Amino-f-naphthathiazole (I == II, X = NH) was readily obtained by treatment 
of a-naphthylthiourea with a molecular proportion of bromine; concentrations of halogen 
such as are generally employed for thiazole cyclisation led to the formation of 4-bromo-2- 
amino-B-naphthathiazole, which was oriented by synthesis from 4-bromo-a-naphthylthiourea. 
The base reacted apparently exclusively in the amino-aromatic form on methylation, 
yielding 2-imino-1-methyl-1 : 2-dihydro-8-naphthathiazole. Substitution of phenyl for a 
hydrogen atom of the 2-amino-group causes appreciable reactivity in the iminodihydro- 
form of the triad system, and methylation of 2-anilino-B-naphthathiazole (I == II, 
X = NPh) gave rise to a mixture of 2-phenylimino-1-methyl-1 : 2-dihydro-p-naphtha- 
thiazole and 2-phenylmethylamino-6-naphthathiazole, in which the former isomer very 
greatly predominated. The naphthalene system therefore appears to be less effective than 
the single aromatic nucleus in decreasing the effect of the aromatic conjugation of the 
heterocyclic ring during methylation. 

2-Hydroxy--naphthathiazole (I == II, X = O) was obtained by hydrolysis both of 
the 2-ethoxy-derivative synthesised by Jacobson’s method (Ber., 1886, 19, 1069) and of 
2-chloro-B-naphthathiazole, prepared from «-naphthylthiocarbimide and phosphorus penta- 
chloride (cf. Hofmann, Ber., 1879, 12, 1126). On methylation in an alkaline medium it 
gave 2-keto-1-methyl-1 : 2-dihydro-8-naphthathiazole, unaccompanied by any detectable 
quantity of 2-methoxy-B-naphthathiazole. 

2-Amino-5 : 6:7 : 8-tetrahydro-B-naphthathiazole (I11) behaved similarly to the unreduced 
naphthathiazole on methylation, and gave rise to 2-imino-l-methyl-1:2:5:6:7:8- 


hexahydro-B-naphthathiazole. 
Caen av.) 


N—(¢-NH, 
H > 
(iL) oy, 
H, 
H, 

The methylation of 1-amino-5-phenylbenzthiazole (IV), which was also examined in the 
present investigation, gave rise to 1-imino-5-phenyl-2-methyl-1 : 2-dthydrobenzthiazole, 
unaccompanied by the 1-methylamino-isomer obtained from s-p-xenylmethylthiourea and 
bromine. 

EXPERIMENTAL. 


2-A mino-8-naphthathiazole—A suspension of «-naphthylthiourea (20 g.) in chloroform 
(120 c.c.) was treated with bromine (5-3 c.c. in 5 c.c. of chloroform) and heated under reflux 
for 10 minutes. The hydrobromide produced was dried on porous earthenware in a vacuum 
and added to sulphurous acid (300 c.c.), and the suspension treated with sulphur dioxide. 
On basification with ammonia and recrystallisation from alcohol, the base (15 g.) formed small 
needles, m. p. 190° (Found: S, 16-1. Calc. for C,,H,N,S: S, 16-0%). The acetyl derivative, 
prepared in hot acetic anhydride, separated from alcohol in small needles, m. p. 280° (Found : 
S, 18-0. Cy 3H, ,ON,S requires S, 13-2%). 

4-Bromo-2-amino-$-naphthathiazole-—(A) a-Naphthylthiourea (20 g. in 150 c.c. of chloro- 
form) was treated with bromine (10 c.c. in 10 c.c. of chloroform) as in the previous experiment. 
The base obtained after the treatment with sulphurous acid and basification separated from 
ethyl acetate (charcoal) in greenish needles, m. p. 243° (Found: Br, 28-4. C,,H,N,BrS requires 
Br, 28-7%). 

(B) 4-Bromo-a-naphthylthiourea, prepared from 4-bromo-a-naphthylthiocarbimide (m. p. 
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100°) and ammonia, crystallised from alcohol in small needles, m. p. 108° (Found: Br, 28-8. 
C,,H,N,BrS requires Br, 28-5%). The base prepared from this thiourea (0-5 g. in chloroform, 
5 c.c.; bromine, 0-5 c.c., in 0-5 c.c. of chloroform) by the above treatment crystallised from 
alcohol in cubes, m. p. 245°, and 244° when mixed with the specimen obtained in (A). 

Methylation of 2-Amino-8-naphthathiazole.-—The base (2 g.) and methyl iodide (2 c.c.) were 
heated in a sealed tube at 100° for 15 hours and the product was basified with hot aqueous 
sodium hydroxide and extracted with chloroform. The gum remaining after removal of 
chloroform was dissolved in hot acetic anhydride, and a solution of the product in alcohol 
(charcoal) fractionally crystallised. 2-Acetimido-1-methyl-1 : 2-dihydvo-B-naphthathiazole sep- 
arated in small needles, m. p. 180° (Found: S, 12-7. C,,H,,ON,S requires S, 12-5%). A 
small quantity of 2-acetamido-$-naphthathiazole isolated from the mother-liquors was identified 
by m. p. and mixed m. p. determination, but no trace of the more easily fusible 2-acetomethyl- 
amido-$-naphthathiazole was detected. 

2-A cetomethylamido-B-naphihathiazole, obtained by acetylation of 2-methylamino-$-naph- 
thathiazole (Dyson, Hunter, and Morris, J., 1932, 2282) with acetic anhydride, crystallised in 
needles, m. p. 160° (Found: S, 12-2. C,,H,,ON,S requires S, 12-5%). 

2-Chiovo-B-naphthathiazole.—a-Naphthylthiocarbimide (5 g.) and phosphorus pentachloride 
(6 g.) were heated in a sealed tube at 160—180° for 6 hours and the product was gradually added 
to water. On extraction with chloroform and recrystallisation from benzene—petroleum, the 
chloronaphthathiazole was obtained in small needles (5 g.), m. p. 82° (Found : Cl, 16-3. C,,H,NCIS 
requires Cl, 16-2%). 

2-A nilino-B-naphihathiazole, obtained by condensation of 2-chloro-8-naphthathiazole and 
aniline in equimolecular proportion, separated from alcohol in plates, m. p. 142° (Found: S, 
11-8. C,,H,.N,S requires S, 11-6%). The picrate separated from benzene in small yellow 
needles, m.p. 193° (Found: S, 6-2. C,,H,.N,S,C,H,;O,N, requires S, 6-1%). 

Methylation. A mixture of 2-anilino-8-naphthathiazole (0-6 g.) and methyl iodide (0-8 c.c.) 
was heated at 100° for 12 hours. The gum extracted from the basified product by ether was 
dissolved in benzene and treated with picric acid (1 equiv.) in the same solvent; the 2-phenyl- 
imino-1-methyl-1 : 2-dihydro-B-naphthathiazole picraie obtained crystallised from benzene in 
slender yellow needles, m. p. 204° (Found: S, 6-4. C,,H,,N,S,C,H,O,N, requires S, 6-0%). 
In later experiments in which larger quantities of the aminonaphthathiazole (2—3 g.) were 
methylated, the picrate of the 2-phenylmethylamino-isomer was isolated (about 5%) from the 
mother-liquors, and identified by mixed m. p. with the specimen described below. 

2-Phenylmethylamino-B-naphthathiazole, obtained by condensation of 2-chloro-$-naphtha- 
thiazole with methylaniline, separated from alcohol in small needles, m. p. 111—112° (Found : 
S, 10-9. C,,H,,N,S requires S, 110%). The picraie crystallised in small yellow needles, 
m. p. 156° (Found: S, 6-3. C,,H,,N,S,C,H,O,N, requires S, 6-0%). 

2-H ydroxy-B-naphthathiazole.—(A) «-Naphthylthiourethane (9 g.) was ground with alcohol 
(3 c.c.) and dissolved in 30% aqueous sodium hydroxide (70 c.c.) and the solution was diluted 
with water (110 c.c.) and added in 20 c.c. portions at 5-minute intervals to a mechanically 
stirred solution of potassium ferricyanide (55 g.) in water (270 c.c.) at 80—90°. The dark- 
coloured product obtained by extraction with ether was dissolved in methyl alcohol (charcoal), 
and the solution concentrated at laboratory temperature under reduced pressure; 2-ethoxy- 
8-naphthathiazole was obtained in small crystals, m. p. 50° (Found: S, 14:1. (C,,;H,,ONS 
requires S, 14:0%). When a solution of the ethoxy-derivative in concentrated hydrochloric 
acid was heated, 2-hydvoxy-B-naphthathiazole separated; it crystallised from alcohol in small 
needles, m. p. 300° (Found: S, 15-8. C,,H,ONS requires S, 15-9%). 

(B) A solution of 2-chloro-$-naphthathiazole in alcohol containing hydrochloric acid was 
heated under reflux for 30 hours and diluted with water, and the mixture made alkaline with 
ammonia. The residue was extracted with hot 10% aqueous sodium hydroxide, and the 
alkaline filtrate acidified; the 2-hydroxy-$-naphthathiazole obtained, after recrystallisation, 
had m. p. 300°, alone and when mixed with the specimen already described. 

Methylation. 4 C.c. of methyl sulphate were added to the hydroxynaphthathiazole (0-8 g.) 
in chloroform (10 c.c.) and 30% aqueous potassium hydroxide (20 c.c.) and the mixture was 
shaken and thereafter heated under reflux for 15 minutes. A further 20 c.c. of potassium 
hydroxide solution were added and the mixture was allowed to cool and kept overnight. On 
extraction with chloroform and recrystallisation from methyl alcohol, 2-keto-1-methyl-1 : 2- 
dihydro-8-naphthathiazole was obtained in stout needles, m. p. 153° (Found: S, 15-1. C,,H,ONS 
requires S, 14-9%). No trace of the isomeric 2-methoxy-derivative was found. 

2-Methoxy-B-naphthathiazole.—(i) Methyl «a-naphthylthioncarbamate, prepared from a- 
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naphthylthiocarbimide and methyl alcohol containing a few drops of quinoline, had m. p. 98° 
after recrystallisation (Found: S, 14-5. C,,H,,ONS requires S, 14-75%). On oxidation with 
alkaline potassium ferricyanide at 80—90°, it gave 2-methoxy-B-naphthathiazole, which crystal- 
lised from methyl alcohol in small needles, m. p. 62° (Found: S, 15-1. C,,H,ONS requires S, 
14:9%). (ii) 2-Chloro-8-naphthathiazole (1 g.) was added to a solution of sodium methoxide 
(0-1 g. of sodium and 15 c.c. of absolute methyl alcohol), and the mixture heated under reflux 
for 5 hours. On concentration and recrystallisation from methyl alcohol, 2-methoxy-f- 
naphthathiazole was obtained, m. p. 62° alone or when mixed with the specimen described above. 
It was rapidly hydrolysed by hot concentrated hydrochloric acid to the hydroxy-derivative, 
m. p. 300°. 

ar-T etrahydro-a-naphthylihiocarbimide.—ar-Tetrahydro-a-naphthylamine (10 g.) in chloro- 
form (30 c.c.) was gradually added with shaking to a suspension of thiocarbony] chloride (10 c.c.) 
in water (100 c.c.). The ¢hiocarbimide separated from hexane in large needles (9 g.), m. p. 34° 
(Found: S, 17-0. C,,H,,NS requires S, 16-9%). ar-Tetrahydro-a-naphthylthiourea separated 
from alcohol in small needles, m. p. 161° (Found: S, 15-6. C,,H,,N,S requires S, 15-5%). 

2-Amino-5 : 6 : 7 : 8-tetrahydro-8-naphthathiazole.—The thiourea (1 g.) in chloroform (6 c.c.) 
was treated with 2-5 c.c. of a 10% solution (by vol.) of bromine in chloroform and the mixture 
was heated for a minute and allowed to cool. The base obtained by treatment of the product 
with sulphurous acid and basification with ammonia separated from alcohol in small needles, 
m. p. 174° (Found: S, 15-8. C,,H,,N.S requires S, 15-7%). 

Methylation. A mixture of the amino-base (2 g.) and methyl iodide (2 c.c.) was heated at 
100° for 15 hours, the product basified and extracted with chloroform, and the gum remaining 
after evaporation of chloroform acetylated with acetic anhydride; the 2-acetimido-1-methyl- 
1:2:5:6:7: 8-hexahydro-B-naphthathiazole obtained crystallised from alcohol in thick needles, 
m. p. 171° (Found: C, 65-3; H, 6-4; S, 12-5. C,,H,,ON,S requires C, 64-6; H, 6-35; S, 12-3%). 
No trace of the isomeric 2-acetomethylamido-5 : 6: 7 : 8-tetrahydro-$-naphthathiazole was 
found. 

s-ar-T etrahydro-a-naphthylmethylthiourea, prepared from the thiocarbimide and methylamine 
in alcohol, crystallised in small needles, m. p. 158° (Found: S, 14-6. (C,,H,,N.S requires S, 
14-5%). 

2-Methylamino-5 : 6 : 7 : 8-tetrahydvo-B-naphthathiazole separated from alcohol in soft plates, 
m. p. 169° (Found: S, 14:8. C,,H,,N,S requires S, 14:7%). The acetyl derivative formed 
microscopic crystals, m. p. 158° (Found : S, 12-4. C,,H,,ON,S requires S, 12-3%). A mixture 
of this with 2-acetimido-l-methyl-1 : 2:5: 6:7: 8-hexahydro-§$-naphthathiazole melted at 
140—146°. 

p-Xenylthiocarbimide, obtained from p-xenylamine (4 g.) in chloroform (12 c.c.) and thio- 
carbonyl chloride (4 c.c.) in water (60 c.c.), crystallised from hexane in slender needles, m. p. 
119—120° (Found: S, 15-2. C,,;H,NS requires S, 15:2%). Yield, 62%, p-Xenylthiourea 
separated from alcohol in plates, m. p. 204° (Found: S, 14-2. C,,;H,,N,S requires S, 14-0%). 

1-A mino-5-phenylbenzthiazole-—A suspension of the xenylthiourea (1-3 g.) in chloroform 
(15 c.c.) was treated with 5-5 c.c. of a 10% solution (by vol.) of bromine in the same solvent, 
and the mixture heated for 5 minutes. The base crystallised from alcohol in plates, m. p. 
226—-227° (Found : C, 68-95; H, 4-4; S, 14-3. C,,;H,)N,S requires C, 69-0; H, 4-4; S, 14-2%). 

Methylation. 1G. of 1-amino-5-phenylbenzthiazole and 2-5 c.c. of methyl iodide were heated 
at 100° for 16 hours and the product was basified and extracted with chloroform. On recryst- 
allisation from methyl alcohol (charcoal), 1l-imino-5-phenyl-2-methyl-1 : 2-dihydrobenzthiazole 
was obtained in small needles, m. p. 165° (Found: C, 69-6; H, 5-1; S, 13-45. C,,H,,N,S 
requires C, 70-0; H, 5-0; S, 13-3%). No trace of the isomeric 1-methylamino-derivative was 
found. 

s-p-Xenylmethylthiourea, prepared from the thiocarbimide and methylamine, crystallised 
from alcohol in plates, m. p. 170° (Found: S, 13-3. C,,H,,N,S requires S, 13-2%). 

1-Methylamino-5-phenylbenzthiazole, obtained from the thiourea in the usual way, cryst- 
allised from alcohol in needles, m. p. 203° (Found: S, 13-5. C,,H,.N,S requires S, 13-3%). 


THE Mustim UNIVERSITY, ALIGARH, INDIA. [Received, August 31st, 1936.] 
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370. The Unsaturation and Tautomeric Mobility of Heterocyclic Com- 
pounds. Part IX. The Methylation of 5-Substituted 1-Thiolbenz- 
thiazoles, and the Ultra-violet Absorption of Mobile and Static Deriv- 
atives of 1-Thiolbenzthiazole. 

By CutraGH Hasan and RoBeErt F. HuNTER. 


THE triad system [H]N-C:S <= N:C-S[H] in 5-substituted 1-thiolbenzthiazoles (I => II) 
exhibits certain interesting features when contrasted with the semi-cyclic amide-imidol 
system of the 1-hydroxybenzthiazoles (Hunter and Parken, J., 1935, 1755). The covalent 
form of the molecule is reactive towards alkylating agents, and methylation takes place 
readily in the absence of alkali catalysts with the production of S-methyl ethers. 


S Ss 
(I.) Oe wy oak CLs (II.) 
N N[H] 


Methylation of 1-thiol-5-methylbenzthiazole, which was synthesised from 1-chloro-5- 
methylbenzthiazole and sodium hydrosulphide (cf. Hofmann, Ber., 1887, 20, 1788), in 
methyl alcohol yielded 1-methylthiol-5-methylbenzthiazole, unaccompanied by any detect- 
able amount of 1-thio-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole, which was synthesised from 
1-nitrosoimino-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole and phosphorus pentasulphide by 
the method of Mills, Clark, and Aeschlimann (J., 1923, 123, 2363). Under similar con- 
ditions, 5-bromo-1-thiolbenzthiazole (I == I1; R = Br), however, gave rise to a small 
quantity (ca. 4—5%) of 5-bromo-1-thio-2-methyl-1 : 2-dihydrobenzthiazole (III), in addition 
to the S-methyl derivative (IV) which constitutes the bulk of the product. 


S S 
(I11.) Br S Br ‘SMe _(IV.) 
NMe N 


5-Nitro-1-thiolbenzthiazole (I == II; R= NO,) obtained from 1-chloro-5-nitro- 
benzthiazole and sodium hydrosulphide proved identical with the product obtained by 
nitration of 1-thiolbenzthiazole (Teppema and Sebrell, J. Amer. Chem. Soc., 1927, 49, 
1780). Part of the 5-nitro-derivative initially formed in the former reaction undergoes 
reduction with the production of 5-amino-l-thiolbenzthiazole. On methylation, 5-nitro- 
1-thiolbenthiazole yielded a methyl derivative, whose constitution as 5-mitro-1-methylthiol- 
benzthiazole follows from its synthesis from 1-methylthiolbenzthiazole by nitration. 

In methyl-alcoholic solution, 1-thiol-5-methylbenzthiazole showed an _ ultra-violet 
absorption which was strikingly similar to that of 1-thio-2 : 5-dimethyl-1 : 2-dihydro- 
benzthiazole, and quite different from that of 1-methylthiol-5-methylbenzthiazole (Fig. 1). 
It therefore follows that the thiolbenzthiazole has the thiodihydro-structure (II). The 
curves belong to the same family as those of the hydroxybenzthiazole derivatives studied 
earlier (loc. cit.). In the S-methyl ether there occur two maxima at about the same wave- 
length (3000 A.) as in the case of 1-methoxy-5-methylbenzthiazole, in addition to a sub- 
sidiary maximum at about 3300 A., where the other curves have a maximum. 

The absorption spectrum of 1-thiol-5-methylbenzthiazole in ethyl-alcoholic sodium 
ethoxide and in aqueous sodium hydroxide was also examined. In both of these curves 
there is a shift to the left (Fig. 2), suggesting deformation in the Fajans sense, which is 
greater in aqueous sodium hydroxide solution. 

Mills, Clark, and Aeschlimann’s picture (J., 1923, 128, 2363) of Mohlau’s synthesis of 
benzthiazole from dimethylaniline (Ber., 1888, 21, 59) suggests a synthesis of 1-thiol- 
benzthiazole by thionation of methylaniline : 


HH willis 
CoH NH CH, —> CoH yy >SS 
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1-Thiolbenzthiazole was actually prepared by this reaction, but the yield was very poor 
(ca. 10%) and attempts to improve it by the use of zinc oxide as a catalyst were unsuccessful. 


Fic, 2. 
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1-Thiol-5-methylbenzthiazole. = 1-Thiol-5-methylbenzthiazole in MeOH. 
1-Methylthiol-5-methylbenzthiazole. -Thiol-5-methylbenzthiazole in NaOH. 
1-Thio-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole. I -Thiol-5-methylbenzthiazole in NaOEt. 


EXPERIMENTAL. 


1-Chloro-5-methylbenzthiazole, obtained from l-amino-5-methylbenzthiazole by means of 
the Sandmeyer reaction (Hunter and Jones, J., 1930, 2207), crystallised from alcohol in needles, 
m.p. 49—50°. 1-Thiol-5-methylbenzthiazole was obtained by evaporating a mixture of 1- 
chloro-5-methylbenzthiazole (4 g.), sodium hydrosulphide (5 g.), and alcohol (20—25 c.c.) to 
dryness on a water-bath. The residue was treated with dilute hydrochloric acid and dissolved 
in aqueous sodium hydroxide, and the thiolbenzthiazole isolated by reprecipitation with dilute 
sulphuric acid. On recrystallisation from alcohol, 1-thiol-5-methylbenzthiazole was obtained 
in long needles, m. p. 181°. The disulphide obtained by oxidation of this had m. p. 201° 
(cf. Sebrell and Boord, J. Amer. Chem. Soc., 1923, 45, 2397). 

Methylation of 1-Thiol-5-methylbenzthiazole—A mixture of 1-thiol-5-methylbenzthiazole 
(1 g.) and methyl sulphate (3 c.c.) in methyl alcohol was heated under reflux on a water-bath 
for an hour, and the excess of methyl sulphate was destroyed with aqueous ammonia (d 0-880). 
On crystallisation from methyl alcohol, 1-methylthiol-5-methylbenzthiazole was obtained in broad 
thin plates, m. p. 48° (Found: C, 55-2; H, 4:7; S, 33-0. C,H,NS, requires C, 55-4; H, 4-65; 
S, 32-8%). This methyl derivative was very soluble in methyl alcohol and was accompanied 
by a gum which became crystalline on being rubbed, and proved identical with the thin plates 
already described. 

1-Thio-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole.—1-Nitrosoimino-2 : 5-dimethyl-1 : 2-dihydro- 
benzthiazole (1 g.) was ground with an equal weight of phosphorus pentasulphide. When the 
mixture was heated at 120°, a violent reaction occurred. Heating was continued for a few 
minutes, the product extracted with boiling benzene, and the brown gum obtained by removal 
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of this solvent dissolved in methyl alcohol. A small black precipitate which separated overnight 
was removed, and the filtrate kept; 1-thio-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole crystallised 
in yellow plates, m. p. 138° (Found: S, 33-2. C,H,NS, requires S, 32-8%). The thiodimethyl- 
dihydro-derivative was also prepared by fusion of 1-keto-2 : 5-dimethyl-1 : 2-dihydrobenzthi- 
azole (Hunter and Parken, /oc. cit.) with phosphorus pentasulphide. 

5-Bromo-1-thiolbenzthiazole—4 G. of 1-chloro-5-bromobenzthiazole (obtained in 25—30°% 
yield from 5-bromo-l-aminobenzthiazole by means of the Sandmeyer reaction; m. p. 101—102° 
after recrystallisation from alcohol) were heated with sodium hydrosulphide (4 g.) in alcohol 
(25 c.c.); the crystals of the chlorothiazole gradually disappeared with separation of a granular 
precipitate of sodium chloride. The thiolbenzthiazole, isolated as in the previous case, separated 
from alcohol in long, woolly, hair-like crystals, which subsequently changed to small thick 
needles, m. p. 272° (Found: S, 26-1. C,H,NBrS, requires S, 26-0%). 

Methylation of 5-Bromo-1-thiolbenzthiazole—A mixture of 5-bromo-1-thiolbenzthiazole 
(1 g.), methyl sulphate (3 c.c.), and methyl alcohol (5 c.c.) was heated on a water-bath for 1} 
hours and thereafter on a wire gauze for 10 minutes. The cooled mixture was treated with 
aqueous ammonia (d 0-880) and kept overnight and the precipitate which separated was frac- 
tionally crystallised from methyl alcohol. 5-Bromo-1-methylthiolbenzthiazole separated in plates 
and thereafter in needles, m. p. 102° (Found: C, 37-0; H, 2-4; S, 24-7. C,H,NBrS, requires 
C, 36-9; H, 2-3; S, 246%). This constituted by far the bulk of the methylation product, 
but the mother-liquors on concentration furnished, after the separation of further crops of 
needles of the methylthiol derivative, two small clusters of brown prisms (ca. 0-04 g.) of 5-bromo- 
1-thio-2-methyl-1 : 2-dihydrobenzthiazole, m. p. 119° crude, 134° after recrystallisation from 
benzene, and 135° when mixed with the specimen described below. 

5-Bromo-1-thio-2-methyl-1 : 2-dihydrobenzthiazole—A mixture of 5-bromo-1-nitrosoimino- 
2-methyl-1 : 2-dihydrobenzthiazole (1 g.) and phosphorus pentasulphide (1-1 g.) was heated 
in an oil-bath, a violent reaction occurring at 110°; heating was continued up to 150°. The 
product, isolated by benzene, was recrystallised from a mixture of methyl and ethyl alcohols 
and thereafter from methyl alcohol, 5-bromo-1-thio-2-methyl-1 : 2-dihydrobenzthiazole being 
obtained in yellow needles and also in aggregates of brown prisms, m. p. 135° (Found : S, 24-85. 
C,H,NBrS, requires S, 24-6%). 

5-Nitro-1-thiolbenzthiazole-—(i) To 1-thiolbenzthiazole (2-5 g.) in concentrated sulphuric 
acid (16 c.c.) cooled in a freezing mixture was added a mixture of fuming nitric acid (3 c.c.) 
and concentrated sulphuric acid (5 c.c.) drop by drop with stirring. The whole was kept for 
an hour and poured into ice-water, the precipitate extracted with boiling aqueous ammonia, 
and the filtered extract acidified. On recrystallisation from glacial acetic acid 5-nitro-1-thiol- 
benzthiazole was obtained in small yellow needles, m. p. 256°, undepressed by the specimen 
described below. (ii) 1-5 G. of 1-chloro-5-nitrobenzthiazole (Farooq and Hunter, J. Jndian 
Chem. Soc., 1933, 10, 563) and sodium hydrosulphide (1-5 g.) in alcohol (15 c.c.) were heated on 
a water-bath and the residue obtained by evaporation of the alcohol was treated with dilute 
hydrochloric acid, sulphur dioxide being evolved. The product was extracted with aqueous 
sodium hydroxide and the nitrothiolbenzthiazole obtained by precipitation with dilute sulphuric 
acid was crystallised from boiling alcohol, forming yellow needles, m. p. 260—261°. The alcoholic 
mother-liquors on concentration furnished 5-amino-1-thiolbenzthiazole, m. p. 260°, which was 
identified by diazotisation and coupling with 8-naphthol to give a red azo-dye and by oxidation 
to 5 : §-diaminobenzthiazolyl disulphide, m. p. 235° (Teppema and Sebrell, Joc. cit.). 

Methylation. A mixture of 5-nitro-1-thiolbenzthiazole (0-5 g.), methyl sulphate (1-5 c.c.), 
and methyl alcohol (2-5 c.c.) was heated on a water-bath until the nitro-compound dissolved. 
The solution was treated with excess of ammonia, and the product crystallised from alcohol, 
5-nilro-1-methylthiolbenzthiazole separating in small pink-brown needles, m. p. 126° (Found: 
C, 43-0; H, 2-8; S, 28-6. C,H,O,N,S, requires C, 42-5; H, 2-7; S, 28-3%). The same com- 
pound, obtained by the gradual addition of 1-methylthiolbenzthiazole to fuming nitric acid in a 
freezing mixture (cf. Hunter, J., 1930, 143), crystallised from alcohol in small salmon-pink 
needles, m. p. 128°, and 126—127° when mixed with the preceding specimen. 

Synthesis of 1-Thiolbenzthiazole-—(i) A solution of 1-chlorobenzthiazole (2-5 g.) in alcohol 
was heated under reflux with an alcoholic solution of sodium hydrosulphide (4-5 g.) for 
2 hours. The residue obtained on removal of the solvent was treated with dilute sulphuric 
acid; the yellow precipitate of the thiolbenzthiazole crystallised from alcohol in cubes, m. p. 
179°. (ii) A mixture of methylaniline (15 g.) and sulphur (20 g.) was heated at its b. p., under 
reflux, for 2 hours, hydrogen sulphide being evolved. Yellow needles separated on keeping 
overnight ; the mixture was extracted with aqueous sodium hydroxide, and the extract acidified, 
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1-thiolbenzthiazole contaminated with sulphur being obtained. This was purified by extraction 
with hot aqueous ammonia and subsequent acidification, but the yield was only about 10% 
and was lowered by more prolonged heating. 

Absorption Spectra Measurements (with ABpuL Aziz FirDAuUs).—The measurements were 
made with a Carl Leiss spectrograph (type C), quartz absorption cells and a Wellington anti- 
screen plate being used. A hydrogen tube which gave a constant source of light enabled con- 
stant comparison spectra to be inserted between successive exposures, with various cell thick- 
nesses of solution. Juxtaposition was secured by means of a Hartman diaphragm, and from 
the density matchpoints, molecular extinction coefficients followed. 

An M/1000-solution of 1-thiol-5-methylbenzthiazole in absolute methyl alcohol was first 
examined, and thereafter diluted to M/10,000 and then to M/100,000 with the same solvent. 
A similar procedure was observed with M/1000-solutions of 1-thio-2 : 5-dimethyl-1 : 2-dihydro- 
benzthiazole and 1-methylthiol-5-methylbenzthiazole in methyl alcohol. M/1000-Solutions of 
1-thiol-5-methylbenzthiazole in N/100-aqueous sodium hydroxide and N/100-ethyl-alcoholic 
sodium ethoxide were also examined, the solutions being subsequently diluted to M/10,000 and 
M/100,000 with water and alcohol respectively. 


THE Mustim UNIVERSITY, ALIGARH, INDIA. [Received, October 5th, 1936.] 





371. Isomeric 2-Arylamino-2-cyano-trans-decahydronaphthalenes, and the 
Condensation of the Cyanohydrin of 3-Methylcyclopentanone with 


Aniline. 
By R. D. Desai, R. F. HUNTER, and MEuHDI Hussain. 


It appeared of interest, in the light of the researches of Hiickel and his collaborators 
(Annalen, 1925, 445, 1; 1927, 453, 109, 163), to extend the study of the isomeric 1-aryl- 
amino-l-cyanomethylcyclohexanes (Waheed Bukhsh, Desai, Hunter, and Mehdi Hussain, 
this vol., p. 1159) to the condensation of the cyanohydrin of trans-8-decalone with aryl- 
amines. Pairs of isomers, which are evidently related to one another by formule (I) and 
(II) and were characterised by the corresponding 2-arylamino-trans-decahydronaphthalene- 
2-carboxyamides, were obtained from the condensations with aniline, #-bromoaniline, 


Hy Hy Hy Hy 
4 CN NHR 
H,/ H Zz 
a OO COs amy 
2 H, 2 Hy 


o- and m-toluidines, and 8-naphthylamine. In the cases of #-toluidine and «-naphthyl- 
amine, however, only one arylaminocyano-derivative was isolated. 

The condensation of the cyanohydrin of 3-methylcyclopentanone with aniline, which 
might be expected to lead to the formation of a pair of cis-trans isomers derived from the 
uniplanar five-membered ring, was also examined, but only one form of 1-anilino-1-cyano- 
3-methylcyclopentane was isolated. 

EXPERIMENTAL. 


2-A nilino-2-cyano-trans-decahydronaphthalene.—A solution of potassium cyanide (4 g.) in 
water (10 c.c.) was added to a mixture of aniline (5 g.) and tvans-B-decalone (7-5 g.) in glacial 
acetic acid (25 c.c.). The product which separated overnight was collected, and the united 
yield of this with that obtained by dilution of the filtrate with water was recrystallised from 
benzene. The A form separated in needles, m. p. 135° (Found: C, 80-0; H, 8-9. C,,H,.N, 
requires C, 80-3; H, 8-6%), and the mother-liquors deposited fractions melting at 102°, 97°, 
and 97—98°, which were combined and again recrystallised from the same soivent. The B 
form was deposited in nodules, m. p. 120° (Found: C, 80-2; H, 8-9%), and in nodules embedded 
with needles of the A form, which were separated with the help of a lens and purified by re- 
crystallisation. A mixture of the isomers melted at 107°. 

The amide of the A form was prepared by dissolving the nitrile in cold concentrated sulphuric 
acid and keeping the mixture overnight. On dilution with water and treatment with ammonia, 
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a precipitate formed which crystallised from alcohol in needles, m. p. 158° (Found: C, 74:8; 
H, 9-0. C,,H,,ON, requires C, 75-0; H, 88%). The B form, prepared in a similar manner 
from the B form of the nitrile, separated from alcohol in small plates, m. p. 141° (Found: C, 
74-9; H, 89%). 

The A form of 2-anilino-trans-decahydronaphthalene-2-carboxylic acid was obtained by heating 
the A form of the amide with alcoholic hydrochloric acid for 20 hours, the residue obtained by 
removal of alcohol being treated with dilute aqueous sodium hydroxide, and the acid recovered 
from the filtered solution by acidification with acetic acid. It separated from alcohol in small 
needles, m. p. 198° [Found: C, 74:3; H, 8:7; equiv., 271. C,,H,,;0,N requires C, 74-7; H, 
8-4% ; equiv. (monobasic), 273]. 

The details of the preparation of the compounds described below are similar. The theoretical 
analytical percentages are given in parentheses. 


Compound. Form. M. p. Analysis. Remarks. 
2-p-Bromoanilino-2-cyano- A 132° C, 61-2 (61-2); Needles from benzene. 
trans-decahydronaphthalene H, 6-2 (6-3) 
B 141 C, 61-6; H, 6-3 Nodules from benzene. 
2-p-Bromoanilino-trans-deca- A 180 Br, 58-7 (58-4) | Needles from alcohol. 
hydronaphthalene-2-carboxy- B 171 Br, 58-8 Small plates from benzene. 
amide 
2-0-T oluidino-2-cyano-trans- A 100 C, 80-5 (80-6); Needles from benzene. 
decahydronaphthalene H, 8-9 (8-9) 
B 111 C, 80-4; H, 9-1 Nodules from hexane. 
2-0-Toluidino-trans-decahydro- A 157 C, 75-1 (75-5); Obtained by keeping the nitrile 
naphthalene-2-carboxyamide H, 9-2 (9-1) in conc. H,SO, for 4 months. 
Small plates from alcohol. 
2-m-Toluidino-2-cyano-trans- A 126—127 C, 80-4; H, 8-9 Needles from benzene. 
decahydronaphthalene B 123—124 C, 80-7; H, 9-0 Hard needles from hexane. M. p. 
of mixture 106—107°. 
2-m-Toluidino-trans-decahydro- A 122 C, 75-1; H, 9-3 Obtained by keeping the nitrile in 
naphthalene-2-carboxyamide conc. H,SO, for 2 months. 
Needles from hexane. 
2-p-T oluidino-2-cyano-trans- 130 C, 80-5; H, 9-1 Needles from benzene. 
decahydronaphthalene 
2-p-Toluidino-trans-decahydro- 166—167 C,°75-3; H, 9-2 Plates from alcohol. 
naphthalene-2-carboxyamide 
2-a-Naphthylamino-2-cyano- 138 C, 82-6 (82-9); Rhomboids from benzene. 
trans-decahydronaphthalene H, 8-1 (7-9) 
2-a-Naphthylamino-trans-deca- 174 C, 78-0 (78-2); Small crystals from benzene. 
hydronaphthalene-2-carboxy- H, 8-3 (8-1) 
amide 
2-B-Naphthylamino-2-cyano- A 162 C, 82-7; H, 7-7 Thick plates, on repeated re- 
trans-decahydronaphthalene crystallisation from benzene. 
B 160 C, 82-7; H, 8-2 Soft white nodules from benzene.* 
2-B-Naphthylamino-trans-deca- <A 238 C, 78-0; H, 8-3 Obtained in microscopic plates, 
hydronaphthalene-2-carboxy- urified by trituration with 
amide nzene. 
B 221 C, 78-1; H, 8-5 Purified by trituration with 
benzene. 


* A crystalline powder, m. p. 145°, which separated on recrystallisation of the crude condensation 
product from benzene, was at first mistaken for an individual. 


1-A nilino-1-cyano-3-methylcyclopentane.—A solution of potassium cyanide (6-5 g.) in water 
(15 c.c.) was added to a mixture of aniline (9-3 g.) and 3-methylcyclopentanone (9-8 g.) in glacial 
acetic acid (50 c.c.) and kept overnight. The oil was separated and cooled in a freezing mixture ; 
the solid obtained had m. p. 43—47°, and a further quantity was isolated after dilution of the 
filtrate from this with water. On recrystallisation from light petroleum, the anilinocyano- 
derivative formed soft aggregates of needles, m. p. 49° (Found: C, 77-9; H, 8-1. C,3H,6N2 
requires C, 78-0; H, 8-0%). The amide, obtained by keeping a solution of the nitrile in con- 
centrated sulphuric acid overnight, crystallised from benzene in short needles, m. p. 158—159° 
(Found: C, 71-3; H, 8-5. C,;H,,ON, requires C, 71-6; H, 8-3%). 


THE MusLImM UNIVERSITY, ALIGARH, INDIA. [Received, September 7th, 1936.) 
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372. An Improved Method for the Preparation of the 
3-Halogeno-4-nitrophenols. 
By HERBERT H. Hopcson and J. HAROLD CROOK. 


ALL the 3-halogenophenols, when nitrated by the usual method with dilute nitric acid, 
yield about 50% of the 3-halogeno-6-nitrophenol, which is removed from the reaction 
mixture by steam distillation. The non-volatile residue is the 4-nitro-isomeride mixed 
with a considerable amount of tar (Hodgson and Moore, J., 1925, 127, 1599; 1926, 155; 
1927, 630; Hodgson and Nixon, J., 1928, 1879). 

In view of the difficulty of obtaining the 3-halogeno-4-nitrophenols, particularly 3-iodo- 
4-nitrophenol, free from tar, the nitration of the 3-halogenophenyl 3-nitrobenzene- 
sulphonates has now been investigated. These esters were selected because #-toluene- 
sulphony] chloride failed to react with the 3-halogenophenols under conditions under which 
the 3-nitrobenzenesulphonates were easily and rapidly produced. 

The action of excess of nitric acid (d 1-5) between — 5° and —10° converted the above 
sulphonates into the 3-halogeno-4-nitropheny] 3-nitrobenzenesulphonates in approximately 
72% yield. The remainder of the product was the 6-nitro-isomeride, the yield of which 
is thus considerably diminished by nitration of the sulphonic esters instead of the free 
phenol. The products in each case were identified by comparison with synthetic specimens 
produced by the action of m-nitrobenzenesulphonyl chloride on the 3-halogeno-4-nitro- 
phenols. ; 

The 3-halogeno-4 : 6-dinitrophenyl 3-nitrobenzenesulphonates were formed quantit- 
atively when a mixed acid was employed at room temperature, with the single exception 
of 3-iodopheny] 3-nitrobenzenesulphonate, which was only nitrated in the 4-position and 
resisted further nitration. 

Contrary to expectation based on electronic considerations, the nitrated esters were 
hydrolysed readily by aqueous-alcoholic sodium hydroxide at 25° without displacement of 
the halogen. 

De Kiewiet and Stephen (J., 1931, 84), in describing the preparation of 3-chloro-6- 
nitro- and 3-chloro-4-nitro-phenol, overlooked the work of Hodgson and Moore (J., 1925, 
127, 1600) on the nitration of m-chlorophenol. 


EXPERIMENTAL. 


Preparation of the 3-Halogenophenyl 3-Nitrobenzenesulphonates.—A solution of the halogeno- 
phenol (? g.-mol.) in 20% aqueous sodium hydroxide (42 c.c.) and water (170 c.c.) was heated 
to 60°, m-nitrobenzenesulphonyl chloride (22 g.) added, and the mixture shaken at 60—70° 
until the product preserved its solidity at and above 70°; it was then washed with water, and 
crystallised from glacial acetic acid. The following 3-nitrobenzenesulphonates were thus 
prepared; all were colourless: Phenyl, plates, m. p. 91—92° (Found: S, 11-5. C,,H,O;NS 
requires S, 11-5%); 3-fluorophenyl, plates, m. p. 90—91° (Found: S, 10-8. C,,H,O,NFS 
requires S, 10-8%); 3-chlorophenyl, prisms, m. p. 111—112° (Found: S, 10-1. C,,H,O,NCIS 
requires S, 10:2%); 3-bromophenyl, elongated prisms, m. p. 135—136° (Found: S, 8-7. 
C,,H,O;NBrS requires S, 8-9%); 3-iodophenyl, elongated plates, m. p. 143—144° (Found: S, 
7-7. CygH,O,NIS requires S, 7-9%). 

Nitration of the 3-Halogenophenyl 3-Nitrobenzenesulphonates.—The finely powdered 3-halo- 
genophenyl 3-nitrobenzenesulphonate (% g.-mol.) was added with stirring to nitric acid (48 c.c., 
d 1-5) at — 10°. After 10 minutes, the clear solution was poured on ice, and the precipitated 
product filtered off, washed with water, and crystallised from glacial acetic acid. The following 
3-nitrobenzenesulphonates were thus prepared : 3-Fluoro-4-nitrophenyl, colourless needles, m. p. 
113—114° (Found: S, 9-3. C,,H,O,N,FS requires S, 9-4%); 3-chloro-4-nitrophenyl, colourless 
elongated prisms, m. p. 104—105° (Found: S, 8-5. ©,,H,O,N,CIS requires S, 8-9%); 3-bromo- 
4-nitvophenyl, colourless needles, m. p. 109—110° (Found: S, 7-6. C,,H,O,N,BrS requires 
S, 79%); 3-todo-4-nitrophenyl, very pale yellow needles, m. p. 135—136° (Found: S, 6-9. 
C,,H,O,N,IS requires S, 7-1%). 

Synthetic Preparation of the Nitro-3-halogenophenyl 3-Nitrobenzenesulphonates.—The preceding 
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four esters were readily prepared by shaking the corresponding phenols, dissolved in aqueous 
sodium carbonate, with a slight excess of m-nitrobenzenesulphony] chloride at 90°. 

The following 3-nitrobenzenesulphonates were prepared by this method and were crystallised 
from glacial acetic acid: 2-Nitrophenyl, colourless needles, m. p. 88—89° (Found: S, 9-8. 
C,,H,O,N,S requires S, 9-9%); 3-nitrophenyl, clusters of colourless micro-prisms, m. p. 110-5— 
111-5° (Found: S, 9-7%); 4-nitrophenyl, colourless plates, m. p. 131—132-5°, almost insoluble 
in boiling ligroin (Found: S, 9-8%); 2: 4-dinitrophenyl, colourless micro-prisms, m. p. 122— 
123° (Found: S, 8-6. C,,H,O,N,S requires S, 8-7%); 3-fluoro-6-nitrophenyl, colourless needles 
(from methyl alcohol), m. p. 72—72-5° (Found: S, 9-2. C,,H,O,N,FS requires S, 9-4%); 
3-chloro-6-nitrophenyl, colourless needles, m. p. 99-5—100-5° (Found: S, 8-8. C,,H,O,N,CIS 
requires S, 8-9%); 3-bromo-6-nitrophenyl, colourless needles, m. p. 110—110-5° (Found: S, 7-5. 
C,,H,O,N,BrS requires S, 7:9%); 3-iodo-6-nitrophenyl, pale yellow needles, m. p. 130—131° 
(Found: S, 7-0. C,,H,O,N,IS requires S, 7-1%). 

Dinitration of the 3-Halogenophenyl 3-Nitrobenzenesulphonates.—3-Chloropheny] 3-nitrobenz- 
enesulphonate (7 g.) was added gradually to a mixture of nitric acid (20 c.c., d 1-5) and sulphuric 
acid (20 c.c., d 1-84) at 30°. After 1 hour, the solution was poured on ice, and the 3-chloro-4 : 6- 
dinitrophenyl 3-nitrobenzenesulphonate filtered off (yield, quantitative), washed with water, and 
crystallised from glacial acetic acid; it formed almost colourless needles, m. p. 127—127-5° 
(Found: S, 7-8. C,,H,O,N,CIS requires S, 7-9%). In like manner were prepared 3-fluoro- 
4 : 6-dinitrophenyl 3-nitrobenzenesulphonate, almost colourless needles, m, p. 148—149-5° (Found : 
S, 8-0. C,,H,O,N,FS requires S, 8-3%), and 3-bromo-4 : 6-dinitrophenyl 3-nitrobenzenesulphon- 
ate, almost colourless needles, m. p. 137—138-5° (Found: S, 6-9. C,,H,O,N,BrS requires 
S, 71%). 

Experiments on the nitration of 3-iodo-6-nitrophenyl 3-nitrobenzenesulphonate were 
unsuccessful, this substance being recovered unchanged. 

Hydrolysis of the 3-Halogeno-4-nitrophenyl 3-Nitrobenzenesulphonates.—The following descrip- 
tion is typical : The crude nitration product from 3-iodopheny] 3-nitrobenzenesulphonate (16 g.) 
was dissolved in boiling alcohol (ca. 150 c.c.) or cellusolve (ca. 100 c.c.), the solution cooled to 
25°, and 20% aqueous sodium hydroxide added until no further deepening of the colour of the 
solution took place. When all the material had dissolved, the solution was acidified with dilute 
hydrochloric acid, the alcohol or cellusolve removed by distillation, and the mixture steam- 
distilled until 3-iodo-6-nitrophenol (1-2 g.) ceased to pass over. The non-volatile phenol, 
which crystallised on cooling, was almost pure 3-iodo-4-nitrophenol (7-4 g.), and no tar was 
produced in the hydrolysis. 

Hydrolysis of the 3-Halogeno-4 : 6-dinitrophenyl 3-Nitrobenzenesulphonates.—-These esters 
were hydrolysed by alkali even more readily than the mononitrated compounds. The 3-halo- 
geno-4 : 6-dinitrophenols were isolated by steam distillation and identified by m. p. and mixed 
m. p. determinations with authentic specimens. The esters were also hydrolysed by con- 
centrated sulphuric acid at room temperature in 1 week; the phenols were precipitated on 
dilution with water. 


The authors thank the Department of Scientific and Industrial Research for a grant to one 
of them (J. H. C.), and Imperial Chemical Industries, Ltd. (Dyestuffs Group), for gifts of 
chemicals. 
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373. Application of Thallium Compounds in Organic Chemistry. Part X. 
Influence of Change of Substituent on the Properties of Chelate Rings. 


By R. C. Menzies and A. R. P. WALKER. 


In Part VII * (J., 1932, 2604) it was recalled that ring structure due to co-ordination 
within the molecule was first indicated by Werner, the name “ chelation ”’ being later 
introduced by Morgan, and that additional evidence for ring closure of this type was 

* Previous parts of this series published in the Journal are: I, 1924, 125, 1148; II, 1925, 127, 2369; 
III, 1926, 937; IV, 1928, 186; V, 1930, 1571; VI, 1931, 2239; VII, 1932, 2604; VIII, 1932, 2734; 
IX, 1933, 21. 
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published by Sidgwick and his co-workers (J., 1924, 125, 527; 1925, 127, 907). Morgan 
also (J., 1914, 105, 193) pointed out the possible analogy with the benzene ring of the 
metallic compounds of $-diketones and $-keto-esters. It is admitted that the evidence for 
the rings is circumstantial. The conception is, however, a convenient hypothesis, which 
accounts for the facts. The observations recorded in Parts VII, VIII, and IX and in this 
paper are therefore discussed from the standpoint of changes in properties conditioned by 
changes of substituents attached to chelate rings. The thallium and dialkylthallium (and 
trimethylplatinum) derivatives of 6-diketones and §-ketonic esters have only one ring 
system attached to each metallic atom, and consequently present simpler cases than do the 
better known derivatives of the multivalent metals. 


H H 
Va N 
For acetylacetones, R, = R, = Me. R,C7 ~ R, R, / NCR, 
» propionylacetones, R, = Me, R, = Et. O O O O 
» dipropionylmethanes, R, = R, = Ft. Pr Ris de 
T] Tl 


K Ne (I.) K 


The general formula is represented by (I). No mixed dialkylthallium compounds are 
known, as is indicated by both alkyl groups attached to thallium being denoted by R,; 
the thallous compounds may be regarded as obtained by removal of both R, groups from 
the metal. The changes conditioned by replacement of dimethylthallium by trimethyl- 
platinum are described in Part IX. 

Either R, or R, or both may be replaced by other groups, not necessarily the same. 
Attempts to prepare derivatives in which the median hydrogen atom is substituted have 
been unsuccessful. Methylacetylacetone and ethyl methylacetoacetate both gave very 
unstable dialkylthallium derivatives. 

In all the compounds of the type under discussion there are, as shown in (I), two equally 
probable positions of the bonding electrons; stability is thus associated with the possibility 
of resonance, an association not available on Sugden’s first formula (J., 1929, 316) involving 
attachment of the metal to the two oxygen atoms by singlet linkages. 

In (I) every atom has the effective atomic number (E.A.N.) of an inert gas. In the 
non-alkylated thallous chelate compounds this is no longer true for the metal, and their 
lower stability (Part VI, p. 2241) may be partly due to this; but that protection of the 
metal by inert attached groups is also a factor, follows from the gradation in properties in . 
the dialkylthallium compounds as the size of the alkyl group is increased (cf. Part VII, 
p. 2605). 

Much of the chemistry of thallous and dialkylthallium derivatives can be explained 
by the consideration that the electron grouping of 81 atoms round the thallium nucleus 
may either lose one electron, forming a positively charged ion of E.A.N. 80, or gain five 
electrons, as in (I), with completion of the stable E.A.N. 86. The familiar thallous ion 
formed in the former case has the same E.A.N. as the neutral mercury atom, and, as pointed 
out by Lowry (J., 1928, 1765), these are related in the same way as is the molecule of 
methane to the ammonium ion (and also, it may be added, as is the atom of argon to the 
potassium ion), ‘‘ so that a molecule in the one series becomes an ion in the other.”” The 
three ions form salts which resemble one another closely and are all typical polar compounds, 
usually soluble in water, insoluble in organic solvents, and non-volatile. The compounds 
formed by the thallium atom after it has gained five electrons are different : they are 
soluble in organic solvents and frequently volatile, behaving as typical non-polar com- 
pounds. The physical properties of these two types of compound are thus dissimilar, 
but, owing to the size of the atom and the distance of the electrons involved from the 
central controlling force, the energy changes in passing from one type to the other are small. 
This is well illustrated in Part V (p. 1573), where it is shown that on shaking 337 g. of 
thallous hydroxide with successive portions of 100 c.c. of absolute alcohol at 20°, the 
temperature never exceeded 25°, a 76% yield of thallous ethoxide being obtained (for its 
structure, see Sidgwick and Sutton, J., 1930, 1470). The reverse reaction proceeds readily, 
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colourless liquid thallous ethoxide being quickly changed into yellow solid thallous 
hydroxide on shaking with cold water. This hydrolysis of thallous compounds of alcohols, 
phenols, and £-diketones by water, with regeneration of the parent substances and form- 
ation of alkaline thallous hydroxide, is so complete as to afford the most convenient means 
for the estimation of thallium in these compounds (Parts II and IV), and it was later shown 
(J., 1928, 1288) that similar derivatives of dimethyl- and diethyl-thallium were also easily 
hydrolysed by water with formation of the dialkylthallium hydroxide, and could be titrated 
in the same way. Solid dimethylthallium derivatives of 6-diketones and ketonic esters do 
not become coloured on keeping in a glass container in daylight, they are easily volatilised, 
and their solutions in organic solvents can be evaporated almost to dryness without 
decomposition ; in all three respects they are more stable than the corresponding thallous 
derivatives, but there is little obvious difference in their behaviour with water. Both 
dimethylthallium and thallous acetylacetones, for instance, dissolve in this solvent; in 
both solutions, the thallium may be accurately estimated by immediate titration, and the 
diketone is slowly hydrolysed with formation of acetic acid so that the titration value falls 
on standing. The rate of fall is more rapid in solutions of thallous acetylacetone, which 
stands between the corresponding sodium and dimethylthallium derivatives in this respect, 
but all three solutions give curves of the same type and of the same order, the differences 
in the rates being small. 

As, however, the size of the alkyl groups attached to the metal is increased, solubility 
in water and rate of reaction with aqueous solutions are diminished, it being shown (Part VI) 
that solid dimethylthallium tetra-acetylethane dissolves in and reacts rapidly with standard 
sulphuric acid, a good end-point being obtained almost at once. Similar cold titration 
of diethylthallium tetra-acetylethane also gives a good end-point, but takes about an hour, 
constant shaking being necessary to effect solution. Dimethyl- and diethyl-thallium 
acetylacetones show the same difference in behaviour on titration, and reaction between 
solid di-n-propylthallium acetylacetone and aqueous acid at room temperature requires 
several days (Part VII). 


That this increased resistance is a property of the individual molecule and is not merely 
due to the sparing solubility of the solid in water, as suggested in Part VII, is indicated 
by the volatility in steam from 0-2N-alkaline solution of a number of the compounds under 
discussion, as shown in Table I (for experimental details, see p. 1684). The distillate from 


TABLE I. 


Volatility of thallium derivatives in steam. 
Tl. TiMe,. TIEt,. TIPr*,. TI1Bu‘,. 
Acetylacetone - -~ — (A) + (B) + (C) 
Propionylacetone _ _ — M. p. M. p. 
Dipropionylmethane _— + (A) M. p. (B) M. p. (C) M. p. 
Very faint 


— = distillate contained no thallium or dialkylthallium ion (absence of yellow or white precipitate 
on addition of potassium iodide). + = distillate contained dialkylthallium ion in solution, but no solid 
chelate compound came over. M. p. = unchanged solid chelate compound was obtained in quantity 
sufficient for m.p. determinations, and in most cases for estimation of thallium by titration as well. 

The three pairs of compounds marked A, B, and C, severally, are isomeric. 


dilute acid solutions contained no thallium or dialkylthallium ions or derivatives. Under 
none of the observed conditions was the thallous ion or thallous compounds present in 
the distillate from the corresponding thallous compounds. 

These results may be accounted for by the consideration that before hydrolysis can take 
place in alkaline solution, with formation of dialkylthallium hydroxide and the alkali-metal 
derivative of the diketone, approach of the hydroxy] ion to the metal and of the alkali-metal 
ion to the enolic oxygen is necessary. The probability of this necessary antecedent 
approach is progressively diminished as the sizes of the alkyl groups R,, R,, and Rg are 
increased. Similar approach of the hydrogen ion present in acid solution to the enolic 
oxygen is facilitated by its smaller size and greater mobility. 

It is again evident from Table I that increase in size of the alkyl groups R, and R, 


ri 
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leads to increased protection. Volatility in steam from alkaline solution is first shown in 
the acetylacetone and in the propionylacetone series by the di-n-propylthallium derivatives, 
and in the dipropionylmethane compounds by the dimethylthallium derivative. 

The familiar increase in solubility in organic solvents as solubility in water and 
reactivity with aqueous solutions diminish is shown in Table II, in which are given the 
solubilities in -hexane of the compounds under discussion. In Table III the m. p.’s 
are recorded * (in addition to these, the di-n-butylthallium derivatives of propionylacetone 
and dipropionylmethane had m. p. 72° and 41° respectively). 

In all these compounds the interatomic forces are largely satisfied within the molecule. 
Increase in size of alkyl groups attached to the ring makes the molecules more self-contained. 
They are less easily attacked by other potentially reactive molecules or ions; in the 
absence of the latter each molecule is more easily separated from its neighbours. 















TABLE II. 









Solubilities in n-hexane at 27° (expressed as g. of substance in 100 g. of solution). 
aA, TlMe,. TIEt,. T1Pr*,. T1Bu*,. 
Acetylacetone  ........sceccccesseeeees 0-012 0-12 0-20 (A) 0-15 (B) ‘1-32 (C) 
Propionylacetone .............sssse0+ 1-52 0-77 4-65 12-4 49-3 (at 18°) 
Dipropionylmethane ..............0+++ 41-1 14-5 (A) 17-0 (B) 21-7 (C) very soluble 





In passing from R, = Me to R, = Et (acetylacetone series), the solubility is increased 
1-7 times, but when R, and R, are changed from Me to Et, it is increased 120 times. The 
other isomeric pairs show differences of the same order. Why changes in size of substituents 
attached to carbon should have so much greater influence is not obvious. 

The derivatives of ethyl acetoacetate and of ethyl malonate may be regarded as formed 
by replacement respectively of one and both alkyl groups R, and R, by the ethoxy-group. 
In Parts VII and VIII it is shown that these replacements result in lower m. p.’s and 
increase in molecular association in benzene solution. These changes also condition greater 
solubility in organic solvents, and in the case of the thallous compounds, greater reactivity. 

Ethyl thalloacetoacetate is less stable than thallous acetylacetone, but the thallium in 
both may be accurately estimated by titration ; ethyl thallomalonate, of low m. p. and 
teadily soluble in organic solvents, is also readily soluble in water but gives an almost 
neutral solution in which the metal cannot be titrated (compare ethyl sodiocyanoacetate ; 
Thorpe and Young, J., 1900, 77, 936). 


EXPERIMENTAL. 


Preparation of Propionylacetone and Dipropionylmethane.—The general method, for which 
the authors are indebted to Professor Sugden, was to take 1 mol. of methyl ethyl ketone, 6 mols. 
of ethyl acetate or propionate, and 1 atomic proportion of sodium. 

Comparative action of sodium, potassium, and lithium. In three preparations of propionyl- 
acetone carried out as described, with sodium as the condensing agent, yields of 30-4, 38-8, and 
39-7% of the copper salt were obtained. In two preparations using potassium, the yields were 
21-3 and 19-4%. Two preparations using lithium, which also dissolved, gave no yield. 

From methyl ethyl ketone and ethyl propionate, sodium being used, a 21-8% yield of the 
copper derivative of dipropionylmethane was obtained. From 110 g. of copper propionyl- 
acetone, 8-9 g. of propionylacetone (b. p. 65—68°/24 mm.) and 61-2 g. (b. p. 67—70°/24 mm.) 
were obtained, giving a total yield of 70-1 g., or 79-8%. From 128-3 g. of copper dipropionyl- 
methane, 89-7 g. (70%) were obtained. 

11-1 G. of thallous dipropionylmethane (m. p. 68-5°. Found: TI, by titration, 61-2. Calc. : 
61-4%) crystallised from 23-2 g. of thallous ethoxide and 11-9 g. of dipropionylmethane in 100 c.c. 
of n-hexane cooled in ice and salt; a further 9-6 g., m. p. 68°, were obtained by boiling off part 
of the solvent and again cooling similarly; total, 21-5 g. (69-7%). Solutions of this substance 
in hexane rapidly become brown on keeping. 

A first crop of 20-3 g. of thallous propionylacetone, m. p. 86° (decomp.) (Found: TI, by 


* From these solubilities and melting points, ‘“‘ the nominal heats of solution ” (Sidgwick and Taylor, 
J., 1922, 121, 1857) have been calculated. It is hoped to publish these later, together with those 
calculated from determinations now in progress of solubilities at other temperatures. 
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titration, 63-5. C,H,O,T1 requires Tl, 64-37%), was similarly obtained from 21-3 g. of thallous 
ethoxide and 9-94 g. (2% excess) of propionylacetone (yield 79-3%). From the mother-liquor 
cooled in solid carbon dioxide and ether, only 0-2 g. more was obtained, a striking indication of 
the great decrease in solubility conditioned by substituting methyl for ethyl in the chelate ring. 
The sample used for solubility determination, obtained by cooling a benzene—hexane solution 
in ether and carbon dioxide, had m. p. 89° (Found: TI, by titration, 64-8%). 

Di-n-propylihallium Propionylacetone (I; R, = Me, R, = Et, R, = Pr*).—30 G. of 
di-n-propylthallium chloride were refluxed with 23 g. of thallous ethoxide in 250 c.c. of absolute 
alcohol, until the solution gave with potassium iodide a white precipitate of di-n-propylthallium 
iodide, uncontaminated by yellow thallous iodide. To attain this end, it was necessary to filter 
the solution from precipitated thallous chloride, and heat it with a further 2-5 g. of the organo- 
metallic chloride. 

365 C.c. of solution were obtained, which were estimated by titration to contain 22-6 g. of 
di-n-propylthallium ethoxide. After addition of 7-8 g. of propionylacetone, the solution was 
evaporated to dryness. The resulting brown solid was dissolved in ligroin (charcoal) and filtered 
hot. The brown colour was not removed by two treatments with animal charcoal. The product 
was again evaporated to dryness on a water-bath, dissolved in pentane, and cooled to — 80° 
in solid carbon dioxide-ether. More was recovered from the mother-liquor; m. p. (after a 
final recrystallisation from light petroleum) 108° (Found, by titration: Tl, 48-62. C,,H,,0,Tl 
requires Tl, 48-97%). Yield 11-5 g. 

12-3 G. of di-n-buiylthallium propionylacetone (I; R, = Me, R, = Et, Rs; = Bu*) were 
similarly prepared from 295 c.c. of 0-268N-di-n-butylthallium ethoxide in ethyl alcohol and a 
slight excess (theory 9-01 g.) of propionylacetone. The solution became brown, as before, and 
on cooling a hexane solution of the crude brown substance in ether and solid carbon dioxide, a 
brown solid separated. Almost colourless material was later obtained by cooling the hexane 
solution in ice and salt; m. p. 72-0° (Found: Tl, 46-87. C,,H,,O,T1 requires Tl, 47-04%). 

Di-n-butylthallium Dipropionyimethane (I; R, = R, = Et, R, = Bu*).—From 5-6 g. of 
dipropionylmethane and 110 c.c. of 0-398N-di-n-butylthallium ethoxide were obtained 19-9 g., 
m. p. 41°, of di-n-butylihallium dipropionylmethane; it was slightly brown, but was so soluble 
at ordinary temperatures in hexane that it could only be recrystallised by cooling in ether and 
solid carbon dioxide (Found: C, 39-9, 39-66; H, 6-63, 6-43; Tl, 45-7, 45-65. C,,H,,O,T1 
requires C, 40-39; H, 6-56; Tl, 45-85%). 

Determinations of Solubilities of Thallium Chelate Compounds in n-Hexane at 27°.—The 
solubilities were determined by mechanically shaking mixtures of the compounds and n-hexane 
(Carless, Capel, and Leonard; b. p. 68-6—68-8°/755 mm.) in glass vessels immersed in a tank of 
water at 27°. To serve as a check upon the results thus obtained, mixtures were also allowed 
to attain equilibrium in an air-incubator, kept at 27°, the vessels being hand-shaken at regular 
intervals, 

In the first case (Table III), the mixtures were introduced into doubly stoppered, glass 
vessels, and allowed to warm in the thermostat. The shaking device accommodated three 
bottles at a time; these were clamped by means of wing nuts into a carrier, fixed to a horizontal 
axis. The axis rotated through the arc of a circle in a vertical plane, the mean position during 
shaking being when the vessels were horizontal. The rate of shaking was 40 times per minute, 
thus ensuring adequate mixing. This was continued for 8 hours, and then the vessels were 
clamped vertically for an hour to allow the undissolved solute to settle completely. 5—8 G. 
of solution were withdrawn by means of a weighed pyknometer, weighed, and pipetted into small 
tared Pyrex flasks, the pyknometer being well rinsed with hot alcohol or hexane. The flasks 
were put in a vacuum desiccator, which contained both paraffin wax and calcium chloride. 
When the desiccator was evacuated 2 or 3 times per day, the solvent normally took 2 or 3 days 
to dry off, the last drying being completed in another desiccator, until constant weight was 
attained. The m. p. of the solid was always taken, and if the amount sufficed, the solid was 
titrated against 0-1N-acid, methyl-red being used as indicator, to determine the percentage of 
thallium. The solubilities, S, are recorded in g./100 g. of solution. 

Starting from room temperature, saturation was always attained within 8—9 hours, for no 
increase in solubility occurred after further prolonged shaking. When the determinations were 
carried out by using the air-oven (Table IV), the mixtures were occasionally heated to 40°, 
and then kept in the incubator till equilibrium was reached at 27°; in general, 2 days were 
essential. For instance, the solubility of diethylthallium propionylacetone at 27° after 6 hours 
and after 2 days was 5-1 and 4-6%, whereas that of dimethylthallium dipropionylmethane at 
26° was 17-8 and 13-1% after 7 hours and 2 days respectively. 
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TABLE III. 
Details of solubility determinations in n-hexane. 


M. p. after 
recovery. 
150° 


79 


212-5 


118 


199 


143 


112-5 


178—180-5 


105-5—106-5 


87 


136 


Solution, 
g. 

6:43 
7-371 
6-400 
7-008 
9-8757 
6-570 
7-192 
7-380 
6°795 
6-007 
7-012 
7-249 
6-313 
7-317 
7-801 
7-765 
6-045 
7-002 
6-503 
6-589 
5-767 
7-396 
6°877 
6°846 


6-801 
7-807 
8-099 
6-196 
6-020 
5-632 
8-337 
4-022 
7-511 
6-555 
6-840 
6-883 
7-400 
7-027 
6-569 
7-113 
6-005 
6-516 
7-739 
7-140 
5-631 
8-069 
7-502 
6-102 


7-870 
7-728 
7-444 
7-155 
7-011 


+ At 25°. 
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Solute, 
g. 
0-0008 
0-0009 


0-0992 
0-1058 
4-0605 


0-0073 
0-0085 
0-0076 
0-0083 
0-0072 
0-0085 


0-0560 
0-0483 
0-0562 
0-0601 
1-1055 
0-9130 
0-9863 
0-9432 


0-0121 
0-0125 
0-0150 
0-0149 
0-0133 


0-2835 
0-3646 
0-3730 
0-2911 
0-2799 


0-9910 
1-3822 
0-6831 
1-2621 


0-0093 
0-0112 
0-0105 
0-0112 
0-0109 
0-0094 
0-0113 
0-0091 
0-8175 
0-9320 
0-8781 
0-7096 


1-7470 
1-6361 
1-3173 


0-1035 
0-0993 
0-1023 
0-0939 
0-0924 


Mean. 
0-012 


0-12 


0-19 
4:16 t 


17-0 
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— i 
oon 





eOo9 
— i et ee 
aka 
_—EE 


NNW ee ee 
et et ete et et «ND ND DD HD 
WWwONW ARCH IweD 


to = «1 © bo 


The acetylacetones underwent slight decomposition during the 
solubility determinations, the solids recovered from solution darkening during melting. The 
original substances melted without darkening. The propionylacetones were little affected, the 
m. p. never being more than 4° below that of the pure substance : this was also the case with the 
dipropionylmethanes, except that the recovered dipropylthallium compound darkened slightly 
on melting. The thallous compounds were less stable (see Table III), and had darkened on 


recovery, especially the very soluble dipropionylmethane derivative. 
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TABLE IV. 
Results obtained by using air-tncubator as thermostat. 


Compound. : 
A —_, Solution, Solute, 
R,. Rj. g. g. S. Remarks. 


Me — 20-401 0-0030 0-015 ) 
25-062 0-0042 0-017 f 27-5° in incubator. 
6-031 0-0009 0-015 
Et 5-437 0-0924 1-70 In incubator. 
Me 7-391 0-0082 0-11 Warmed to 40° and left for 2 
5-011 0-0066 0-13 days. Temp. 27°. 
Et 7-700 0-0647 0°84 Warmed to 40° and left for 2 
6-335 0-0531 0-84 days. Temp. 28-5°. 
Et Et 7-203 1-2801 17-8 8 Hrs., oven at 26-5°. 
6-291 0-8250 13-1 24 a 
Me Me 6-370 0-0128 0-20 Warmed to 40° and left for 2 
6-402 0-0114 0-18 days. Temp. 26-5°. 
Me Et 6-802 0-2835 4:17 2 Days, oven at 25°. 
5-021 0-2579 5-10 6 Hrs., ws 25°. 
4-987 0-2287 4-60 24 ,, ms ai 
Et Et 4-004 0-7203 18-0 2 Days, ~» see 
Me Me 7-036 0-0107 0-15 } Warmed to 40° and left for 2 
6-895 0-0108 0-16 days. Oven at 27-5°. 
Me Et 7-786 0-8273 10-6 Warmed to 40°. Oven at 
7-863 0-8345 10-6 25-5°. 
Et Et 5-652 1-2321 21-8 2 Days, oven at 27°. 
Me Me 5-421 0-0650 1-21 Incubator at 26-5°. 


Volatility of Dialkylthallium Chelate Compounds in Steam.—A little di-n-propylthallium 
acetylacetone (m. p. 181°) was placed in a distilling flask with water and a few drops of 2N- 
sodium hydroxide. The water was then boiled. No solid distilled over, but the distillate gave 
slowly a white precipitate of di-n-propylthallium iodide on addition of potassium iodide. 0-5G. 
of di-n-propylthallium dipropionylmethane was then boiled with water, the solid melted, and 
part of the oil distilled over and solidified in the condenser; m. p., after recrystallisation from 
hexane, 86—88° (vice 89°). The solid recovered, however, was only a small part of that taken, 
and both undistilled aqueous solution and aqueous distillate after filtration gave abundant 
precipitates with potassium iodide. 

In further experiments, 1 g. of each of di-n-butylthallium dipropionylmethane |i), di-n- 
propylthallium dipropionylmethane (ii), and di-n-propylthallium propionylacetone (iii) was 
slowly boiled with 50 c.c. of 0-2N-sodium hydroxide solution. In each case part of the 
substance was recovered unchanged from the distillate and from the inside of the condenser. 

(i) M. p. 40° (vice 41°) (Found: TI, by titration, 44-8. Calc.: 458%). 

(ii) M. p. 87° (vice 89°) (Found: TI, by titration, 48-4. Calc.: 48-9%). 

(iii) M. p. 105° (vice 107°) (Found : TI, by titration, 49-8. Calc.: 50-66%). 

In cases (i) and (ii) there was left in the flask after distillation a brown globule which did not 
crystallise on cooling or on nucleation, but in case (ii), on solution in hexane and evaporation 
of the solvent, brown crystals were left, m. p. 87°. 

This volatility in steam is shown by the chelate compounds i in the presence of added alkali, 
to a much smaller extent in its absence, but not in the presence of acid, as the following 
experiments show. 

1 G. of di-n-propylthallium iodide was treated with an equivalent of thallous ethoxide (0-6 g.) 
in 50 c.c. of water, and distilled; the distillate was free from thallium. Phenolphthalein was 
then added, together with propionic acid in amount insufficient to make the reaction acid; on 
redistillation, the distillate was still free from thallium. This was also the case on adding 
more propionic acid until the reaction became acid. A few drops of dipropionylmethane were 
then added to the acid solution and the mixture again distilled; the distillate was again free 
from thallium, but on making the mixture again alkaline, and again adding more of the diketone 
and distilling, the distillate gave a copious white precipitate of di-n-propylthallium iodide with 
potassium iodide. No solid separated in the condenser. 

It thus appears that neither di-n-propylthallium hydroxide nor propionate can be volatilised 
in steam, and further, that the chelate compound does not volatilise from acid solution. 
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Diethylthallium compounds show the same behaviour. A fewc.c. of diethylthallium ethoxide 
in alcoholic solution were evaporated to dryness on a water-bath. The brown solid, probably 
impure carbonate, was boiled in a distilling flask with water; the distillate gave no precipitate 
with potassium iodide. A little dipropionylmethane was then added, and the distillation 
continued; a crystalline solid then separated in the condenser; m. p. 114°, mixed m. p. with 
pure diethylthallium dipropionylmethane (m. p. 116°), 113°. 

The volatility of these compounds when steam-distilled from neutral solution is very much less 
than in alkaline solution. 1 G. of each of the following compounds was distilled with 50 c.c. of 
distilled water in the customary manner: di-n-butylthallium propionylacetone, di-n-propyl- 
thallium propionylacetone, and di-n-propylthallium dipropionylmethane. In no case did any 
solid separate in the condenser. The distillates (20 c.c.) each gave a white precipitate with 
potassium iodide, the intensity being greatest with the last compound and least with the first. 
After addition of 5 c.c. of 2N-sodium hydroxide and 10 c.c. of distilled water, the distillations 
were continued. The amounts volatilised were greater, but were in the same ratio as before. 
In each case, the compounds solidified in the condenser and were found by m. p. determinations 
to be unchanged chelate compounds. 

Quantitative experiments with 1 g. of di-n-propylthallium dipropionylmethane indicate that 
its volatility is less when distilled with (a) 50 c.c. of 2N-sodium hydroxide than with (6) 50 c.c. 
of 2N-ammonia under identical conditions for the same time. 

In (a), 0-7 g. solidified in condenser, and in (6), 0-85 g. Potassium iodide solution was 
added to both the distillates and to the residual liquids in the distilling flask. The intensity 
of the white precipitates indicated that in the distilling flask the residual chelate compound 
was least with (b), also that more thallium came over from this solution. 

Similar experiments with the thallous compounds of acetylacetone, propionylacetone, and 
dipropionylmethane, and with trimethylplatinum dipropionylmethane, all gave negative results. 

Dimethylthallium acetylacetone resembles the sodium and the thallous derivative in being 
soluble in water; all three solutions are alkaline, so it is probable that, in part at least; the 
chelate ring is broken in aqueous solution, and that this contains free acetylacetone together 
with hydroxyl ions and ions of the base. The amount of acid required to neutralise these three 
solutions decreases with time, probably owing to hydrolysis of the acetylacetone with formation 
of acetic acid. This happens most rapidly with aqueous solutions of sodium acetylacetone, and 
most slowly with dimethylthallium acetylacetone, which agrees with the known relative strengths 
of the three bases (see Hein and Meininger, Z. anorg. Chem., 1925, 145, 95; Ostwald, J. pr. Chem., 
1886, 33, 356; 1887, 35, 121). The differences in the rates, however, are not great. The 
results now described indicate that the preliminary rupture of the chelate ring, to whatever 
cause it may be due, is progressively inhibited by increase in the number of carbon atoms 
attached to it, and also by increase in the surrounding hydroxyl-ion concentration. 


The authors thank the Colston: Society for a grant, Mr. F. E. Needs for providing facilities 
for the solubility determinations in his laboratories, and Mr. I. Dembrey for designing the 
thermostat. 
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374. The Photoreactions of Liquid and Dissolved Ketones. Part III. 


By EpmMuND J. Bowen and ARTHUR T. HorTON. 


In Parts I and II (Bowen and de la Praudiére, J., 1934, 1503; Bowen and Horton, iézd., 
p. 1505) it was shown that acetone and diacetyl give no gaseous products on exposure in 
the pure liquid state to ultra-violet light from the mercury arc, and that in hexane solution 
a photo-reaction occurs, giving dissolved products. The quantum efficiency of this reaction 
with diacetyl diminished with increasing concentration of the ketone, and the results for 
acetone seemed to point in the same direction. 

We have now confirmed this result for acetone (see Table I, where y is the quantum 
efficiency), and have found that the two chief products resulting from exposure of its 
solutions in m-hexane or cyclohexane are (1) an alcohol, and (2) a substance capable of 
absorbing bromine rapidly from a moist solution in carbon tetrachloride, liberating an 

5P 
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equivalent of hydrogen bromide. Table I shows that the relative amounts of these two 
products are independent of the acetone concentration. 


The arrangement of light sources and filters, and the methods of measuring light absorptions 
and intensities have already been described (see Part 1; and Bowen, J., 1935, 76). The radiation 
used was 3135—2480 A. 

In order to obtain reproducible results it was necessary to purify the acetone very carefully, 
the following method being convenient. The acetone was treated with successive small 
quantities of potassium permanganate for several days, the manganese dioxide filtered off, and 
the filtrate distilled through a ‘‘ Dufton ’’ column about 80cm. long. The distillate was shaken 
with potassium carbonate and again distilled through the same column, and then the drying 
and final distillation were repeated. The methyl alcohol content of this acetone, determined 
by Fischer and Schmidt’s method (Ber., 1924, 57, 693; 1926, 59, 679), was less than 0-15 mol. %. 

The last column of the table was calculated from the difference between the hydroxyl content 
of each solution before and after exposure. This content was determined by a modification of 
a method used by Bell (J., 1932, 2903) for estimating water, viz., adding the substance to a 
solution of «-naphthoxydichlorophosphine dissolved in chlorobenzene, drawing off the hydrogen 
chloride so produced in a current of air, collecting it in water, and estimating its amount by 
titration. The reaction is qvantitative for water, but does not seem to be so for other hydroxylic 
compounds. It is, however, fairly consistent; e.g., isopropyl alcohol in amounts of the order of 
0-1 g. gave 58, 60, 64, 58% of the expected yield of hydrogen chloride. No correction for this 
incomplete reaction has been applied to any of the results of hydroxyl determinations given in 
this paper, and so they are all minimum values. 

Dissolved air was removed from the solutions by bubbling nitrogen through them for an 
hour before exposure. If oxygen was bubbled through, it was found that the observed quantum 
efficiency was reduced by a factor of about 2, the effect being greatest in solutions containing 
the smallest proportion of acetone. This was presumably due to the inner-filter action of 
oxidation products. 

TABLE I. 


Soiutions of Acetone in n-Hexane. 
Acetone, % by wt 35 65 87 96 100 34 
Apparent y, as { Br titration 0-12 0-08 0-04 0-01 0-004 0-12 
measured by | OH detmtn. 0-27 0-21 0-12 0-08 0-02 0-02 0-20 


The last result of Table I was obtained by using monochromatic light of wave-length 3135 A., 
whereas the other results were obtained by using the full radiation from 3135 to 2480 A. 

On distillation of an exposed solution of acetone in n-hexane, a small quantity of a colourless 
and somewhat viscous liquid, b. p. 180—190°, was obtained. From an exposed solution of 
acetone in cyclohexane a liquid of similar odour and appearance was obtained, having a b. p. 
about 5° higher. The properties of these liquids suggested that they were dimethyl-n-hexyl- 
carbinol and cyclohexyldimethylcarbinol respectively. For comparison, these substances were 
synthesised by Grignard reactions, and the properties of the synthetic compounds and the 
photo-products are given in Table II. The analyses and molecular weights for the synthetic 
compounds are the theoretical values and were not determined experimentally. 


TABLE II. 


From n-hexane. From cyclohexane. 


Photo- Synthetic Photo- Synthetic 
product. compound. product. compound. 
180—190° 180—183° 185—195° 188—195° 
1-437 (17-5°) 1-429 (17-5°) 1-469 (14°) 1-470 (14°) 
Analvsis, % { © 76-3, 75-8 ° (74-9) 74-7, 75-3 (76-0) 
nalysis, © \ H -6, 13: (14-0) 12-2, 12-4 (12-8) 
(144) 134, 143 (142) 
Br absorbed (mols. %) <l 12 <l 
OH content (mols. % 5 67 75 ao 


The “‘ hydroxyl content” gives the amount of hydrochloric acid collected, expressed as a 
percentage of the theoretical yield to be expected if Bell’s method gave complete reaction and 
all the substances concerned contained one hydroxyl group per molecule. 
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The proportion of bromine-absorbing substance to hydroxy-compound is smaller with the 
distilled products than with the exposed solutions. This difference may be due, in part, to 
separation (though no further séparation took place on redistillation), and, in part, to removal 
of excess acetone which might have taken up bromine by an “‘ induced ”’ reaction. It was not 
possible to separate the bromine-absorbing substance from the hydroxy-compound by bromin- 
ation followed by distillation, or even by evaporation at a low temperature, as this led to tar 
formation. Neither could the 3 : 5-dinitrobenzoyl esters of the photo- or synthetic products 
be prepared, although the reaction with the chloride was tried at high temperatures with and 
without a solvent (quinoline, nitrobenzene). It seems that the tertiary structures of the 
alcohols are responsible for their failure to form identifiable crystalline esters. No reaction 
could be observed with a-naphthyl isocyanate. The bromine-absorbing substance may be a 
ketone capable of bromination. By reaction of the distilled product with 2 : 4-dinitrophenyl- 
hydrazine, a very small quantity of crystals was separated, and these charred when heated to 
200°; no reaction for aldehyde or enolic substance was obtained. In view of the presence of 
this substance in the distilled products to the extent of some 15%, the agreement in properties 
between each photo-product and the corresponding synthetic carbinol seems to be as good as 
could be expected. 

Unequivocal evidence that the solvents had taken part in the reaction was obtained by 
oxidising the photo-products with chromic acid. From the product from cyclohexane was 
obtained a 20% yield of adipic acid, identified by m. p. (151°), analysis (Found: C, 48-98; 
H, 7-06. Calc. : C, 49-23; H, 690%), and the m. p. of its -bromophenacy] ester (153°; Kelley 
and Kleff, J. Amer. Chem. Soc., 1932, 54, 4444, give 154°). A similar oxidation of the product 
from n-hexane would be expected to give a mixture of straight-chain monobasic acids; and 
this was in fact found. The oxidation product was a liquid which was fractionated into portions, 
b. p. 140—170° and 170—210°, having odours indistinguishable from those of the aliphatic 
acids. The first fraction gave a p-bromophenacy] ester, m. p. 51°, and the second, one of m. p. 
63°. These values may be compared with the following, from the literature : 

Propionic n-Butvyric n-Valeric n-Caproic 


140° 163° 186° 205° 
63° 63° 75° 72° 

The results described above seem to show that the chief photo-product formed in solutions 
of acetone in »-hexane or cyclohexane is a carbinol formed from one molecule of acetone and one 
of the hydrocarbon. From the absorption spectrum and the photo-products of acetone in the 
gaseous state, viz., ethane, carbon monoxide, and diacetyl (Norrish, Crone, and Saltmarsh, J., 
1934, 1456; Barak and Style, Naiure, 1935, 135, 307), it is generally concluded that the primary 
photo-process is CH,-CO-CH, —~ CH, + CH,°CO. The dissociation may be of the delayed 
type, and the very small quantum efficiency in the pure liquid state may be due either to deactiv- 
ation by collision in the delay interval or to ‘‘ primary recombination ” of the radicals (Franck 
and Rabinowitsch, Tvans. Faraday Soc., 1934, 30, 120). For the reaction in solution there are 
the possibilities of combination of the dissociation products with the hydrocarbon molecule or 
the interaction with the hydrocarbon of an excited acetone molecule. Until the spectrum of 
acetone is more fully interpreted, it does not seem possible to distinguish between these 
mechanisms. 

The very specific nature of these reactions is further shown by the following experiments 
on other ketones and other solvents. 

Experiment 1. A solution containing 33% acetone in benzene was exposed to the 3135 A. 
region. No appreciable change occurred, as judged by hydroxyl determination, bromine 
titration, or distillation, and no gas was evolved. 

Experiment 2. A solution containing 29% acetone in carbon tetrachloride was similarly 
exposed. No gas was evolved, but the exposed solution had an odour similar to that of chlorine, 
and slowly liberated iodine from potassium iodide. 

Experiment 3. A solution containing 19% diethyl ketone in -hexane was exposed to 
unfiltered ultra-violet light. Gas was evolved at a rate corresponding to a quantum efficiency 
of about 0-1. On distillation, the product, b. p. 160°/20 mm., was different in odour and 
appearance from the acetone products, and gave only 11% reaction by Bell’s method. 

Experiment 4. A solution containing 19% methyl ethyl ketone in n-hexane was similarly 
exposed. Gas was evolved at a rate corresponding to a quantum efficiency of about 0-01. 
On distillation, up to 70° the distillate was colourless, but after that, fractions up to 200° were 
obtained having a yellow colour and the characteristic odour of diacetyl. It is clear that a- 
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diketones are formed in this case, and this may be compared with Barak and Style’s results 
(loc. cit.) on the non-gaseous products formed on exposure of simple ketones in the gas phase, 
though we found no trace of «-diketones in the case of acetone solutions, 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL AND TRINITY, COLLEGES, 
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375. Studies in Chemisorption on Charcoal. Part VIII. The Influence 
of Temperature of Activation of Charcoal on (a) Catalytic Oxidation of 
Salts, (b) Catalytic Decomposition of Hydrogen Peroxide. 


By ALEXANDER KING. 


(a) Catalytic Oxidation of Salts.—The catalytic action of charcoal was first noticed by 
Calvert (J., 1867, 20, 293), who demonstrated the oxidation of alcohol, ethylene, hydrogen 
sulphide, etc., by this means. Feigl (Z. anorg. Chem., 1921, 119, 305) described the oxid- 
ation of some sixteen inorganic substances on charcoal, but his results have been severely 
criticised by Oryng (Kolloid-Z., 1925, 36, 287) on the ground that the effects noticed were 
not entirely due to the presence of the catalyst. ‘ 

It is now generally accepted that catalytic oxidation on charcoal is to be ascribed to 
the film of chemisorbed oxygen with which the substance is normally coated, and Rideal 
and Wright (J., 1925, 127, 1347; 1926, 1813, 3182), by means of a poisoning method, 
have shown that three different types of surface oxide, differing in catalytic properties, 
may coexist on the carbon surface. 

Several investigators (Kruyt and de Kadt, Kolloid-Z., 1929, 47, 44; Kolloid.-Bezh., 
1931, 32, 249; King and Lawson, Trans. Faraday Soc., 1934, 30, 1094) have discussed 
the influence of the temperature of heating of charcoals in oxygen on their fundamental 
properties. Samples heated in the neighbourhood of 450° are acid in character and adsorb 
bases from solution, but those heated at 850° are alkaline and do not permit of any alkali 
adsorption; the nature of the adsorption isotherm for water differs markedly in the two 
types. Kolthoff (J. Amer. Chem. Soc., 1932, 54, 4473), in contrasting the properties of 
two charcoals prepared from the same sample but activated severally at 400° and 950°, 
found that the latter had a distinctly higher activity in the oxidation of ferrocyanide. 

A study has now been made of the oxidation of potassium ferrocyanide, sodium arsenite, 
potassium nitrite, and quinol in the presence of charcoals activated in oxygen at 16 different 
temperatures. No attempt has been made to differentiate between the different types 
of oxide which may have been present at the same time on the carbon surface, as was 
done by Rideal and Wright, only a general relationship between catalytic activity and 
temperature of activation being sought. The results are in Table I, together with the 
adsorptive capacities of all the charcoals for iodine and their activities for the decom- 
position of hydrogen peroxide (see p. 1690). The results are expressed in terms of c.c. 
of solution oxidised by 1 g. of charcoal in 30 minutes. (The values in parentheses are 
discussed on p. 1689.) 

It is immediately obvious from the table that the catalytic activity of charcoal is 
fundamentally influenced by the type of oxide surface, for in each case a maximum activity 
is reached with samples activated about 450°, which is the temperature recorded by several 
workers as optinium for the existence of the acidic surface oxide of carbon. The catalytic 
activity of charcoals activated above 450° decreases rapidly as the temperature of activ- 
ation is increased, until at about 850° it is almost zero; above that temperature it is 
developed again to a slight, but definite, degree. In a previous paper (J., 1935, 889) it 
was reported that the #, of charcoal suspensions in conductivity water show a maximum 
for samples activated in the region of 850°; it seems therefore that minimum catalytic 
activity corresponds to maximum alkalinity. 

During the course of this work it was invariably found that the catalytic effect of a 
given sample of charcoal is directly proportional to the weight used. Now, activation 
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TABLE I. 


Activation no. 1 2 3 4 5 6 7 8 9 10 
Temp. 240° 320° 350° 360° 420° 490° 540° 590° 660° 690° 
I, adsorption, c.c.N/10 23-6 240 35:0 288 35:0 40:2 464 470 430 43-6 
K,Fe(CN), oxidised, 0-3 3-8 7-7 6-9 17-4 13-6 7-4 4-7 2-0 2-4 
c.c. N/100 (0- —_ (0- — " “\ (0-24) (0-53) (0-34) (0-16) (0-10) ‘aa? he 
Na,AsO, oxidised, c.c. 1-9 4-1 5:3 4-9 5-0 —_ 4-0 2-8 
(0- ry (0-064) 
0-8 0-6 


oxidised, c.c. 
/ (0-013) (0- 046) (0-105) (0-114) (0-132) (0-067) (0-036) — (0-019) (0- a" 
C,H,O, oxidised, c.c. 1-0 4-2 6-8 6-1 10-5 8-3 5-9 3-5 3-2 
N/100 (0-04) (0-17) (0-19) (0-21) (0-30) (0-23) (0-13) (0-075) (0-07) (0- “046) 
H,O, decompn., c.c, 21:5 15-1 6-4 5-2 5-7 7-6 15-3 41:0 39:7 46-2 
O, evolved (0-92) (0-63) (0-18) (0-18) (0-16) (0-19) (0-33) (0-87) (0-92) (1-06) 


(0: 058) (0- 079) (0: 13% (0-141) (0-152) (0-122) (0-108) 
0-3 37 33 46 £27 1-7 


Activation no. 1l 12 13 14 15 16 17 18 
gs 740° 780° 830° 900° 920° 1130° 920°/500° vay A. 850° 
Mt sorption, c.c. N/10 48-1 25-6 54-0 49-2 21-8 37-6 31-6 

4Fe(CN), oxidised, c.c. 2-0 0-6 0-6 1-2 2-0 3°8 10-2 . > 

N/100 (0-041) (0-023) (0-011) (0-024) (0-091) (0-11) (0-32) (0-022) 
Na,AsO, oxidised, c.c. 1-8 0-6 0-4 0-5 0-6 3-0 3°7 0-7 

N I (0-041) (0-024) (0-007) (0-011) (0-027) (0-08) (0-117) (0-017) 
KNO, oxidised, c.c. N/10 0-0 0-0 0-0 0-2 0-2 1-4 1-6 0-0 
(0-00) (0-00) (0-00) (0-004) (0-009) (0-037) (0-05) (0-00) 
1-9 0-9 0-8 1-0 0-7 2-5 6-2 1-3 


(0-039) (0-035) (0-015) (0-02) (0-03) , (0-07) (0-20) (0-03) 
H,O, decompn., c.c. O, 56:1 32-9 77:3 51-2 46-7 60-2 (see Fig. 1) 
evolved (1-16) (1-29) (1-43) (1-12) (2-14) = (1-62) 


C,H,O, oxidised, c.c. 
N/100 


at different temperatures and with different times and rates of flow of oxygen will produce 
charcoals of different surface area available for adsorption and catalysis. These factors 
have been widely varied in the present work in order to accentuate surface area differences, 
but care has always been taken that the treatment should be sufficiently prolonged in order 
to establish the type of surface characteristic of the temperature. For instance, activation 
no. 3 at 350° gave an iodine adsorption of 35-0 c.c.; no. 13 at 830°, 54-0 c.c.; and no. 12, 
activated at 780° in a very slow oxygen stream, only 25-6 c.c. In order to obtain a true 
comparison, therefore, the catalytic activities should be expressed in terms, not of unit 
weight, but of unit area of charcoal. The surface area is most conveniently found by 
measuring the amount of adsorption on it, but as the temperature of activation has been 
varied so much, an adsorbate had to be chosen which would be adsorbed to an equal extent 
on both acid and alkaline charcoals and therefore give an adsorption value proportional 
to the extent of surface and not influenced by its constitution. Acids, alkalis, and most 
salts must thus be excluded, but iodine has been found to give consistently satisfactory 
results. In view of this, the iodine values recorded in Table I can be taken as proportional 
to the surface areas of the charcoals concerned. 

The catalytic activities per unit area are expressed comparatively by the numbers 
in parentheses in Table I, where the volumes of reagent oxidised per g. of charcoal are 
divided by the amount of iodine adsorbed per g. The results are even more striking than 
before, the high activity with acid charcoals and low activity with alkaline charcoals 
being very marked. Especially interesting are the results of activations 17 and 18, in 
which a high-temperature charcoal was reactivated at 500° and an acid (420°) charcoal 
reactivated at 850°. In the former case, reactivation caused an increase in the catalytic 
activity, and, in the latter case, a decrease, which was very marked especially in contrast 
with the iodine adsorption which, as might be expected, increased on reactivation. Hence, 
a charcoal which had a relatively high initial activity for the oxidation of potassium 
nitrite became incapable, after reactivation, of effecting any oxidation whatsoever in 
spite of a considerable increase in surface area. The catalytic activity of charcoal in 
oxidation reactions, like so many of its other properties, is thus undoubtedly a function 
of the temperature of activation. 

In his work on the oxidation of ferrocyanide, Kolthoff (loc. cit.) found that high-tem- 
perature activation resulted in a catalytically active product, which is exactly the reverse 
of what has now been found. His oxidations were carried out in buffer solutions (it having 





1690 King: Studies in Chemisorption on Charcoal. Part VIII. 


been shown that the rate of oxidation increases with increasing pq), which counteracted 
the alkaline nature of the high-temperature-activated charcoal; no notice was taken of 
the relative surface areas of the charcoals employed. In the present work the pure reagents 
were merely dissolved in distilled water, the acidity or alkalinity of the surface being 
regarded as an essential property under investigation and hence not to be neutralised by 
the use of buffers. 

(b) Catalytic Decomposition of Hydrogen Peroxide.—Filippi (Arch. Farm. sperim., 1907, 
6, 363) noted that the decomposition of hydrogen peroxide was accelerated by the presence 
of any powdered substance, and Lemoine (Com#t. rend., 1916, 162, 729) examined the effect, 
using different sorts of charcoal as catalyst. Firth and Watson (J., 1923, 123, 1750; 
J. Physical Chem., 1925, 29, 987), having examined the decomposition on charcoals prepared 
and activated in numerous different ways, concluded that, for both pure and impure 
charcoals, high sorptive capacity is not necessarily accompanied by high catalytic activity 
towards hydrogen peroxide. A similar view was expressed by Skumburdis (Kolloid-Z., 
1931, 55, 156). 

That the sorptive capacity really is proportional to the catalytic activity for activation 
at a given temperature is shown by the results (Table II) for a charcoal prepared at 750° 
and activated at 800°. The ratio of the oxygen evolution to the iodine adsorption is 


TABLE II. 


Time of activation, hrs. 2 4 6 8 10 12 14 24 


C.c. N/10-I, adsorbed per g. 
charcoal 19-4 35-6 43-3 48-7 51-5 52-9 53-2 53-4 50:8 


C.c. O, evolved per g. charcoal 
in 30 mins. 26-2 45:2 602 65:7 705 73:0 745 74:2 72-1 

Ratio 1:35 127 138 135 1:3 1:38 1-40 139 1-42 
roughly constant throughout. Similar results have been obtained at other temperatures. 
On a given type of charcoal surface, therefore, the catalytic activity is proportional to the 
area of the surface, the apparently anomalous results obtained with charcoals of different 
types being due to the different types of surface which they possess in virtue of the different 
methods, and in particular, different temperatures, of activation. That this conclusion 
has some justification is shown by results of Fowler and Walton (Rec. trav. chim., 1935, 
54, 476), who found that a high-temperature-activated charcoal lost the greater part of 
its activity for the decomposition of hydrogen peroxide on being reheated at 400°; this, 
it is suggested, may be interpreted on the same basis as Kolthoff’s results. It is note- 
worthy that with impure charcoals more complicated results are to be expected, pre- 
liminary experiments having shown that the promoter action of iron and nitrogen impurities, 
introduced into pure charcoal, may lead to variations in the catalytic activity greater 
than those due to different methods of activation. 

In the hope of explaining why pure charcoals active for sorption are not necessarily 
catalytically active, the rate of decomposition of hydrogen peroxide has now been measured 
with the series of charcoals activated at different temperatures. The values given in 
Table I represent the volume of oxygen evolved in } hour by a given quantity of hydrogen 
peroxide in contact with 1 g. of charcoal, the values in parentheses being the ratio to the 
iodine adsorption. Again, the 450° region of activation is prominent, this time as giving 
rise to charcoals of minimum activity. The activity steadily increases at temperatures 
above this value, falling again for very high temperatures. This decrease in activity 
can scarcely be ascribed to graphitisation, for the oxidation of the inorganic salts was 
accelerated in this region and the iodine adsorption values did not fall off noticeably. 
Some results are shown in more detail in the figure. The 920° activation curve shows 
that the activity of the charcoal, which is very high at first, rapidly becomes lower, there 
being only a slow evolution of oxygen after 2 hours. This is in agreement with the work 
of Firth and Watson (loc. cit.), who denote the initial gas evolution as «-activity, and the 
slow, final evolution as $-activity. The amount of oxygen evolved after 3 hours often 
represents only a small fraction of the total volume evolved, and this total is only a fraction 
of that available from the peroxide. Curve IV shows that the mere transference of a sample 
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of charcoal, which has lost its «-activity, to a new quantity of peroxide does not result in 
any restoration of its a-activity. 

It has been suggested (Skumburdis, loc. cit.) that the high, initial rate of decomposition 
is due to the heat of wetting of the charcoal in the peroxide solution, for the reaction is 
known to have a fairly high temperature coefficient. A few measurements were made 
of the heat of wetting in the solution employed, and it was found that the resulting rise 
of temperature was so small as to be entirely negligible. More probable is the hypothesis 
that the decrease in activity results from a preferential (physical) adsorption of oxygen on 
the charcoal, and hence a decrease in the area available for the adsorption of peroxide. 
The 450° charcoal (curve III), however, although posseSsing a relatively high surface area 
initially available for the adsorption of hydrogen peroxide, has but little «-activity. It 
seems more likely, therefore, that the source of the a-activity (and the reason for its dis- 
appearance) should be sought in the difference between the 450° and the 920° charcoal, 
viz., in the manner in which the oxygen is 
chemically bound to the two surfaces or 60 
in the resulting acidity or alkalinity. This 
view is supported by the fact that a 
suspension of a definitely alkaline, 920°- 
activated charcoal gave, after treatment 
with hydrogen peroxide followed by 
thorough washing with conductivity 
water, a py of 4:5: treatment of the 
alkaline charcoal with hydrogen peroxide 
had converted it into the acid 450° con- 
dition with consequent loss of «-activity. 
It should be noticed from the figure that 
the -activities of all the samples of 
charcoal examined were approximately 
the same, being presumably that of normal 
inactive powders. 

The effect of reactivation on the 
catalytic activity of the charcoals is well 
illustrated in the figure, the activity of a 
920° sample (curve I) decreasing to a 
large extent on reactivation at 500° (curve = 
II) in spite of the increase in surface area ; 920° in new Hy02 (IV) j 
on a second reactivation at 850° (curve V), a 70 25 30 
the initial activity of the sample was Time (hours). 
exceeded. 

The adsorption of non-electrolytes on a surface is maximum at the isoelectric point. 
Hydrogen peroxide, being almost entirely undissociated in aqueous solution, should there- 
fore follow this rule and give a maximum decomposition at this point. Rideal and Wright 
(Trans. Faraday Soc., 1928, 24, 530) found this to hold for a number of surfaces, including 
charcoal. Hence it would seem that, in the series studied above, that charcoal whose 
surface conditions in the presence of hydrogen peroxide solution lead to the establishment 
of conditions most nearly isoelectric should give a maximum adsorption and decomposition 
of the peroxide. This would correspond to the maximum found with high-temperature 
activations. It may be more satisfactory to regard the «-activity of charcoal in the de- 
composition of hydrogen peroxide, not as a catalysis, but merely as a reaction between the 
high-temperature, alkaline surface oxide of carbon and the peroxide, with the formation 
of the acidic surface oxide and molecular oxygen. 
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EXPERIMENTAL, 


Pure sugar charcoal was prepared by the combustion of A.R. sucrose in a silica basin, 
followed by grinding, and evacuation of the product at 750° in a silica tube, The charcoal 
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was then ground in an agate mortar and screened to 100—200 mesh. As the ash content of 
the product was only 0-02%, it was considered unnecessary to subject it to any treatment with 
acid, The charcoal was activated by heating in a silica tube furnace in the presence of moist 
oxygen in the manner previously described (King and Lawson, Kolloid-Z., 1934, 69, 27). 

Samples of charcoal of approximately 1 g. were weighed into steamed-out Pyrex bottles, 
50 c.c. of the reagent to be oxidised were added from a pipette, and oxygen bubbled through 
at a standard rate of 3 bubbles per second for } hour. As this was sufficient to stir the liquid 
efficiently and to keep the solid in suspension, no mechanical agitation was employed. In 
each individual experiment a bottle with 50 c.c. of the reagent but containing no catalyst was 
attached in series with the other, so that it received the same volume of oxygen; the amount 
of substance oxidised in the blank experiment is in every case deducted from the amount 
oxidised in the presence of charcoal. This precaution was neglected by some of the previous 
workers (e.g., Feigl, Joc. cit.). 

The partly oxidised solutions were now filtered from charcoal, the first runnings being 
neglected, and 25 c.c. samples analysed in the appropriate volumetric manner. For quinol, 
Valeur’s method (Compt. rend., 1899, 129, 552) was used. 

The hydrogen peroxide employed was Merck’s ‘‘ Perhydrol,’’ distilled and stored in steamed- 
out Pyrex vessels; it was diluted five times immediately before use. The apparatus used for 
the decomposition of the peroxide consisted of a bottle containing a three-holed stopper which 
carried a tube leading to the gas burette, a stirrer operating through a mercury seal, and a 
wide tube for the introduction of charcoal. 25 C.c. of peroxide solution were poured into the 
bottle, and allowed to come to equilibrium in a thermostat at 18°, the charcoal being suspended 
in a small glass tube at the same temperature. The charcoal was then quickly poured into 
the reaction vessel through the wide tube, which was then closed by a small bung. The time 
required for this operation was about 3 seconds, any error due to gas evolution during this time 
being negligible. The solution was stirred at a constant rate throughout, it having been found, 
in agreement with Fowler and Walton, that the rate of gas evolution was dependent on the 
amount of agitation. In each case a blank experiment was run, and the volume of oxygen 
evolved subtracted from that of the catalysed reaction. 

A series of experiments was carried out to verify that the volume of oxygen evolved was 
proportional to the weight of charcoal used. The results for a 780°-activated charcoal were 
as follows : 

4 


50-6 7 
32-4 3 


Wt. of C, g. , 0-438 0-723 -006 1-561 
1 
9 


1 2-3 
Vol. of Og, c.c. , : 23-9 33- 7-6 
We OE ik te cacessescannsaccsensns ° 33-2 32- 3-1 


In view of these results, the volumes of oxygen evolved are in each case calculated on the 
basis of 1 g. of charcoal: they are also reduced to N.T.P. 


SUMMARY. 


The catalytic oxidation of potassium ferrocyanide, sodium arsenite, potassium nitrite, 
and quinol was carried out, charcoals activated at 16 different temperatures being used. 
A maximum activity was found with charcoals activated in the region of 450°, and a 
minimum about 850°. 

The catalytic decomposition of hydrogen peroxide by the same charcoals was studied, 
it being found that a minimum occurs in the 450° region and a maximum about 900°. 

The results are interpreted on the basis of the existence of at least two surface oxides 
of carbon. 


IMPERIAL COLLEGE, Lonpon, S.W. 7. (Received, September 29th, 1936.) 
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376. The Action of Diazonium Salts on the Trichloro-a-nitro- 
B-acetoxy-paraffins. 
By F. D. Cuattraway, J. G. N. DREwitTT, and G. D. PARKEs. 


LIKE many other compounds containing an activated methylene group, the trichloro-«- 
nitro-8-acetoxy-paraffins couple readily, under slightly acid conditions, with diazonium 
salts and form hydrazones : 

ArN,* 


R-CCl,*CH(OAc)*CH,NO, ——-> R+CCl,*CH(OAc)*C(NO,):N-NHAr 
(R = Cl or CH,-CHCI) 


These hydrazones are strongly coloured, stable compounds which frequently crystallise 
in two polymorphic forms.* They do not react further with diazonium salts, differing 
markedly in this respect from the hydrazones yielded as first products in the action of 
diazonium salts upon the trichloro-«-nitro-8-hydroxy-paraffins : 

3 . CU. __y R°CCl,CH(OH)-C-NO, - NO,°C-N-NAr 

R-CCl,CH(OH)-CH,"NO,—> Avtar > RCCly'CHO + te ae 

The stabilising effect of the acyl group is interesting, as the intermediate hydrazones 
formed from the corresponding $-hydroxy-paraffins (cf. Jones and Kenner, J., 1930, 919) 
can only with great difficulty be obtained unmixed with a large excess of the nitroformazyl. 

The action of amines upon the hydrazone acetic esters takes the same abnormal course 
as that followed in the case of the trichloro-«-nitro-f-acetoxy-paraffins themselves, an 
amine being produced. 

EXPERIMENTAL. 

Trichlovo-x-nitro-B-acetoxypropanalphenylhydrazone, CCl,“CH(OAc)-C(NO,)-N-NHPh.— 
5 G. (15 mols.) of aniline in 25 c.c. of alcohol were mixed with 20 c.c. of concentrated hydro- 
chloric acid (excess) and diazotised with 4 g. of sodium nitrite in 10 c.c. of water. To this cooled 
stirred solution was added a solution of 9 g. (1 mol.) of yyy-trichloro-a-nitro-B-acetoxypropane 
in 40 c.c. of alcohol, followed by a large excess (40 g.) of finely powdered, fused sodium acetate. 
After 15 minutes’ stirring, an equal volume of water was added and the above hydvazone, which 
had separated as a bright yellow solid, was filtered off and washed with hot water and alcohol; 
it crystallised from boiling acetic aci¢c or alcohol, in which it was moderately easily soluble, 
in compact orange prisms with a slight blue reflex, m. p. 137° (Found: C, 37-4; H, 2-9; N, 
12-0; Cl, 30-1. C,,H,,O,N,Cl, requires C, 37-2; H, 2-8; N, 11-85; Cl, 30-0%). 

In a similar manner to the above the following compounds were prepared. yyy-Trichloro-a- 
nitro-B-acetoxypropanal-p-tolylhydrazone crystallises from alcohol first as a labile form in a felted 
mass of pale yellow, feathery needles, which, if left in the solution, slowly redissolve whilst a 
stable compact form appears and grows at the expense of the labile form until the latter has 
completely disappeared. The whole change is complete within a few hours. The stable form 
separates in deep scarlet, short, compact, rhombic prisms with domed ends and possessing a 
slight blue reflex, m. p. 152°. The labile form also melts at this temperature (Found : Cl, 28-85. 
C,2H,,0,N;Cl, requires Cl, 28-9%). 

The m-tolylhydrazone forms clusters of aida yellow needles from alcohol, m, P. 127° (Found : 
Cl, 28- 8%). The o-tolylhydrazone separates first from alcohol as a labile form in slender, pale 
yellow prisms, m. p. 109°, and transforms on standing in the mother-liquor into the compact, 
deep orange-red, six-sided rhombic plates of the stable form, m. p, 115° (Found: Cl, 29:0%). 
The p-chlorophenylhydrazone forms a felted mass of pale orange needles from alcohol, m. p. 165° 
(Found: Cl, 36-3. C,,H,O,N 3Cl, requires Cl, 365%). The 2: 4-dichlorophenylhydrazone 
crystallises from acetic acid in orange-red irregular plates, m. p. 155° (Found: Cl, 42-0, 

C,,H,0O,N,Cl, requires Cl, 41:9%). The p-nitrophenylhydrazone first separates from acetic acid 
as a labile form in clusters of small, slender, yellow needles, m. p. 187°, and on standing for 
several weeks in the mother-liquor at the ordinary temperature completely transforms into the 
orange, compact, short, six-sided prisms with domed ends of the stable form, m. p. 189° (Found : 
Cl, 26:2. C,,H,O,N,Cl, requires Cl, 26-1%). 

yy8-Trichloro-a-nitro-B-acetoxypentanalphenylhydrazone forms pale yellow needles from 

* Many of the geometric isomers among hydrazones which have been stated to exist are probably 


unrecognised polymorphs. 








1694 The Action of Diazonium Saits, etc. 


alcohol, m. p. 152° (Found: Cl, 27-7; N, 10-9. C,,;H,,0,N,Cl, requires Cl, 27-8; N, 11-0%); 
the p-tolylhydrazone, clusters of slender, orange-red prisms from alcohol—acetic acid, m. p. 166° 
(Found: Cl, 26-7. C,,H,,0,N,Cl, requires Cl, 26-86%); and the p-chlorophenylhydrazone, a 
felted mass of golden needles from alcohol-acetic acid, m. p. 177° (Found: Cl, 34-1. 
C,3;H,,;0,N,Cl, requires Cl, 34:1%). The p-nitrophenylhydrazone crystallises from acetic acid— 
alcohol in a labile form in clusters of small yellow needles, which on standing in the mother- 
liquor for a few hours completely dissolve and transform into orange-yellow irregular plates 
of a stable form, m. p. 187° (Found: Cl, 25-0. C,;H,,;0,N,Cl, requires Cl, 24-9%). 

Nitroformazyl.—To a cooled stirred solution of benzenediazonium chloride, an alcoholic 
solution of yyy-trichloro-«-nitro-8-hydroxypropane was added under much the same conditions 
as those used with yyy-trichloro-a-nitro-B-acetoxypropane. The liquid became red and a viscid 
mass of nitroformazyl separated; after 30 minutes’ stirring, this became crystalline. It formed 
clusters of red needles, m. p. 161°, from alcohol, identical with a specimen prepared by the 
action of benzenediazonium chloride on nitromethane. 

pp’-Dichloronitroformazyl was prepared in a similar way to the above from p-chlorobenzene- 
diazonium chloride and the nitro-alcohol. It separated from ethyl acetate in dark purple-red, 
slender needles, m. p. 188° (Found: Cl, 21-2. C,;H,O,N,Cl, requires Cl, 210%). From this 
compound, which was the main product of the reaction, a very small amount of yyy-irichloro-a- 
nitro-B-hydroxypropanal-p-chlorophenylhydrazone was isolated by extracting the crude reaction 
product with a little alcohol, precipitating the hydrazone with water, and crystallising it from 
alcohol. It separated in clusters of minute orange-red needles, m. p. 160° (Found: Cl, 40-5. 
C,H,0O,N,Cl, requires Cl, 40-9%). 

Bis-2 : 4-dichloronitroformazyl, prepared similarly, crystallised from acetic acid in purple-red, 
slender, silky needles, m. p. 189° (decomp.) (Found: Cl, 34-9. C,,;H,O,N,Cl, requires Cl, 
349%). 

The Action of Amines on yyy-Trichloro-a-ntiro-B-acetoxypropanal- and yy8-T richloro-a-nitro-B- 
acetoxypentanal-arylhydrazones.—These hydrazones react in the following way with amines : 
R-CCl,-CH(OAc)-C(NO,):N-NHAr + R’*NH, —> R-CCl,-CH(NHR’)-‘C(NO,):N-NHAr 
(R = Cl or CH,-CHCl) 

yyy-Trichloro-a-nitro-B-p-toluidinopropanal-p-nitrophenylhydrazone.—10 G. of the p-nitro- 
phenylhydrazone (1 mol.) and 6 g. of p-toluidine (2 mols.) were dissolved in 400 c.c. of alcohol 
and refluxed on a water-bath for 12 hours. A deep red solution resulted, which was evaporated 
to about 150 c.c. On cooling, the above compound separated as deep purple crystals; it was 
recrystallised from boiling acetic acid, separating as purple rhombs with a blue reflex, m. p. 
189° (decomp.) (Found: C, 43-3; H, 3-3; Cl, 23-7. C,,H,,0,N,Cl, requires C, 43-1; H, 3-1; 
Cl, 23-85%). 

The following compounds were prepared similarly to the above. yyy-Trichloro-a-niiro-B- 
p-toluidinopropanalphenylhydrazone formed rosettes of red needles from alcohol, m. p. 164° 
(decomp.) (Found : Cl, 26-6. C,,H,,0O,N,Cl, requires Cl, 26-5%); the o-tolylhydrazone, slender, 
pale orange-yellow needles from acetic acid, m. p. 127° (Found: Cl, 25-8. C,,H,,O,N,Cl, 
requires Cl, 25-6%); and the p-chlorophenylhydrazone, red prisms from acetic acid, m. p. 164° 
(Found: Cl, 32-4. C,,H,,O,N,Cl, requires Cl, 32-6%). yy8-Tvrichloro-a-nitro-B-p-toluidino- 
pentanalphenylhydrazone crystallised from alcohol in pale orange needles, m. p. 178° (decomp.) 
(Found: Cl, 24-8. C,,H,,0O,N,Cl, requires Cl, 24:8%). 

yyy-Trichloro-a-nitro-B-methylaminopropanalphenylhydrazone hydrochloride. 3-6 G. (4 mols.) 
of a 33% solution of methylamine in anhydrous alcohol were added to 3-5 g. (1 mol.) of yyy-tri- 
chloro-«-nitro-8-acetoxypropanalphenylhydrazone, partly dissolved in 100 c.c. of alcohol. 
The solution became red and after 3 days was heated on a water-bath for 10 minutes and then 
poured into water, The viscid mass that separated was extracted in ether and dried (sodium 
sulphate), most of the ether evaporated, and excess of concentrated alcoholic hydrogen chloride 
added to the residue. The above hydrochloride separated; recrystallised from dilute aqueous- 
alcoholic hydrochloric acid, it formed slender yellow prisms, m. p. 189° (decomp.) (Found : 
Cl, 39-1. C,9H,,O,N,Cl,,HCl requires Cl, 39-2%). 

The mother-liquor from the recrystallisation of the hydrochloride was made just neutral 
with ammonia and the yyy-irichloro-a-nitro-B-methylaminopropanalphenylhydrazone that 
separated was extracted in ether, dried, and recrystallised from alcohol, forming long, slender, 
pale orange prisms, m. p. 104° (Found/: Cl, 32-6. C, 9H,,O,N,Cl, requires Cl, 32:7%). 


THE Dyson Fexrtins LABORATORY, OXFORD. [Received, September 12th, 1936.] 
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377. The Alkaline Degradation of Strychnine. 
By G. R. CLEMo. 


In the earlier work in which indole and carbazole were obtained from strychnine (Clemo, 
Perkin, and Robinson, J., 1927, 1589) no attempt was made to isolate all the products of 
decomposition in a pure state. In the interval many formule have been advanced for 
the alkaloid, such as the Robinson representation (I) (J., 1932, 780) and similar ones by 
Leuchs (Ber., 1932, 65, 1230) and Kotake (Inst. Phys. Chem. Res. Tokyo, 1934, 119). 


CHa tH 
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A feature of all these formule is that they contain the basic nitrogen atom in either the 
octahydropyridocoline or the octahydropyrrocoline system. For some years past these 
bases have been studied here im connection with the lupin alkaloids and a year ago the time 
was considered ripe to examine the alkaline degradation products of strychnine in detail 
in order to see if any of the products were identical with our synthetic bases. Although 
two of the degradation bases herein described have not yet been identified, it is desirable 
to record the results already obtained in view of the statement by Kotake (Proc. Imp. 
Acad., Tokyo, 1936, 12, 99) that he has obtained tryptamine by the action of potassium 
hydroxide on strychninolone. No experimental details are given in his paper, however, 
nor does he discuss the question of the identification of this tryptamine (compare p. 1696). 

Strychnine has been degraded with potassium hydroxide under as mild conditions as 
possible, and the products distilled from the reaction mixture by steam and separated into 
basic and non-basic compounds. The mixed bases have been converted into picrates, 
and these separated to give the yellow compounds CgH,,N,C,H,O,N, (m. p. 143—144°) 
and C, 9H,,N,C,H,0,N, (m. p. 192°) and a bright red one, ‘CioHsaNo,CgHy0,Nq (m (m. p. 
254° decomp.). The relative amounts of the three bases (denoted by A, B, and C respect- 
ively) depend on the amount of potassium hydroxide and the temperature, elevation of 
temperature diminishing the proportion of A and increasing that of C. 

The non-basic materials have not been as fully separated as the basic fraction, but 
indole and 3- ethylindole have been isolated. 

The base (A) is easily reduced by platinum and hydrogen to C,H,,N and thus appears 
to be monocyclic. It has no diazotisable amino-group, and the properties of its picrate 
and the fact that it is slightly alkaline to litmus also rule out the possibility of its being 
ethylaniline, which could result from fission of the indole ring of (I). Furthermore, the 
base does not give the usual pyrrole colour reactions and is not 2-n-butylpyridine. 

Base (B) is readily reduced by the addition of eight atoms of hydrogen to give the strong 
base C,j,H,,N. This easily forms a crystalline methiodide and, assumed to be fully reduced, 
it must be dicyclic. The properties of (B), and more especially the stability of its picrate, 
seem to rule out the possibility of its being either an N-methyl methylindole or 
N-methyl-1 : 2-dihydroquinoline and it would therefore appear to contain the nitrogen 
as a common member of the two ring systems. The reduced base C,)H,,N, however, 
has not the characteristic odour and low boiling point of any of the octahydropyridocolines 
or octahydropyrrocolines prepared here. On the basis of (I), however, it might be 2 ethyl- 
octahydropyrrocoline, which would explain the elevation of boiling point and possibly 
the different odour. 
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The base (C) is particularly interesting in that it contains both the nitrogen atoms of 
strychnine, and a remarkable feature of its brilliant red picrate is that it is not decomposed 
by a short boiling with concentrated hydrochloric acid and crystallises from the solution 
on cooling. The free base, obtained by decomposing the picrate with potassium hydroxide, 
melts at 101—102° and gives a deep red-purple colour when the alcoholic solution is boiled 
in the Ehrlich colour reaction. The colour is discharged on addition of alcohol, and the 
crystalline hydrochloride of the base gives in the same reaction a port-wine colour which 
rapidly fades on cooling but is repeatedly reproducible on boiling. This suggests 3-8- 
aminoethylindole (tryptamine) for (C), since the «-compounds generally give an immediate 
intense purple colour in the Ehrlich indole test in the cold. The descriptions of tryptamine 
in the literature, however, are conflicting, as shown in the following table : 


Ewins (J., 1911, 99, 271) : m. p. of base 145°, hydrochloride 246°, red picrate 242—3° 
Majima (Ber., 1925, 58, 2042) ,, ,, ,, 114—5 oe webe »  242—3 


Manski (Centr., 1932,i, 2474) ,, , ,, 118 oe 246, ,, » 242—3 
M. p. of base (C) 101 “ 249, ,, » 254 (decomp.) 


Although 2-8-aminoethylindole does not appear to have been synthesised, Asahina 
(Centr., 1923, iii, 248) claims to have obtained it (m. p. of base 120°, of hydrochloride 246°, 
of red picrate 242—-243°) in the degradation of rutaecarpine. 

I am indebted to Mr. T. P. Metcalfe, who, repeating Majima’s preparation of tryptamine, 
obtained the compound after three crystallisations from ether as a faintly brown, poorly 
crystalline solid, m. p. 114°, mixed m. p. with (C) 102—112°. When, however, it is 
converted into a picrate and recrystallised from alcohol, it corresponds to the picrate of 
(C) in crystalline form and decomp. point. Furthermore, the base regenerated from the 
picrate forms prisms (from ether), m. p. 101°, unchanged by admixture with (C), and 
gives well-formed prisms, m. p. 101°, on vacuum sublimation. 

It is suggested that this difference in physical properties may be due to the two bases 
being the indole and the indolenine form of (III). It is true there does not appear to be any 
record of the isolation of two such tautomeric forms, but nevertheless a model shows that 
in the indolenine, but not in the indole form, either of the hydrogen atoms of the amino- 
group may be so situated that it could easily co-ordinate with the indolenine nitrogen 
atom to give a strain-free molecule. Lowry and Lloyd (J., 1929, 1771) ascribed the physical 
properties of nicotine to such a “‘ dative ’’ bond between one of the hydrogen atoms of the 
pyridine ring and the nitrogen atom of the pyrrolidine ring and furthermore a statement 
in Annual Reports (1935, 330) appears to show that the position of the double bond in certain 
pyrtrolines depends on the substituents present and the method of preparation. 

The indolenine structure claimed admits of being tested by resolution of the com- 
pound into optically active forms. It is intended to examine this point. 

The results so far obtained indicate that the C atom of (I) is attached to the 3-position 
of the indole nucleus, and not to the 2-position as in some of the formule which have 
been advanced for strychnine, but it is necessary to settle the nature of (A) and (B) before 
discussing the structural question. 


EXPERIMENTAL. 


Four lots each of strychnine (2 g.), alcohol (30 c.c.), and potassium hydroxide (7 g.) were 
refluxed gently on a water-bath for 9 hours in a glass bulb with a 6” neck drawn out at the top 
and bent down so that test-tube receivers could be attached. The alcohol was then removed, 
and water (3 c.c.) added and gradually distilled into a receiver during an hour by heating the 
bulb in a metal-bath at 230°. The addition and removal of the water were repeated similarly 
five times and the combined milky distillates, which smelt strongly of indole, were acidified and 
shaken with ether. The acid solution was evaporated to dryness under reduced pressure, the 
residue made alkaline with, potassium hydroxide solution (25%) and extracted three times 
with ether, and the extracts dried and added to a hot solution of picric acid (0-15 g.) in benzene. 
After standing at least 24 hours, the benzene was decanted from nine such batches and the 
separated picrates were stirred with a little cold acetone and filtered off. The acetone was 
removed, and the residue crystallised from alcohol, giving 0-25 g. of yellow plates, m. p. 125— 
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130°, tinged with some of the red picrate (below). Two recrystallisations from ethyl acetate, 
in which the red picrate is sparingly soluble, raised the m. p. to 143—144° (Found: C, 48-2, 
48-6, 48-3; H, 4-3, 4-35, 4-3. C,H,,N,C,H,O,N, requires C, 48-0; H, 40%). 

Base A.—The above picrate (0-9 g.) was ground with cold hydrochloric acid (10 c.c. of 
1:1) and filtered off, and the filtrate evaporated to dryness under reduced pressure. 
Excess of potassium hydroxide solution (40%) was added, and the liberated base extracted by 
ether and dried over potassium carbonate. On fractionation a colourless sweet-smelling oz/ 
(0-3 g., b. p. 48°/1 mm.) passed over (Found: C, 79-3, 79-2, 79-0; H, 9-5, 9-6, 9-3; N, 11-6, 11-0. 
CsH,,N requires C, 79-3; H, 9-1; N, 11-6%). The base is slightly soluble in water, giving 
a solution which turns red litmus blue, and it does not give a crystalline methiodide with methyl 
iodide in cold acetone. The base (0-2 g.) in acetic acid (5 c.c.) was shaken with platinum oxide 
(0-2 g.) in hydrogen (100 Ib./sq. in.) for 18 hours. Hydrochloric acid (1 c.c.) was added to the 
filtrate, which was then evaporated to dryness, and the base liberated, extracted with ether, 
and obtained as a colourless oi/ (0-15 g.), b. p. < 40°/1 mm., with a strong basic smell (Found : 
C, 74-8; H, 14-1. C,H,,N requires C, 75-6; H, 13-4%). The picrolonate separated from alcohol 
in irregular yellow prisms, m. p. 233—234° (decomp.) (Found: C, 55-3, 55-8, 55-2; H, 6-5, 6-8, 
6-7. C,H,,N,C,,H,O,N, requires C, 55-2; H, 6-4%). 

Base B.—The solid left undissolved by the cold acetone was dissolved in boiling acetone; 
yellow prisms of a sparingly soluble picrate, m. p. 192°, separated (Found: C, 51-5; H, 3-9. 
C,,H,,N,C,H,O,N, requires C, 51:3; H, 3-7%). The free base was obtained by decomposing 
the picrate with hot hydrochloric acid (1:1) as a colourless oil with a sweet smell, b. p. 
90°/1 mm. (Found: C, 82-9; H, 7-6; N, 9-6. Cy 9H,,N requires C, 82-8; H, 7-6; N, 9-6%). 
Its aqueous solution was slightly alkaline to litmus. When the base (0-25 g.) in acetic acid 
(15 c.c.) was shaken for 18 hours with platinum oxide (0-15 g.) in hydrogen (100 Ib. /sq. in.), and 
the reaction mixture worked up in the usual way, 0-24 g. of a colourless, strongly basic liquid 
was obtained, b. p. 65°/1 mm. (Found : C, 78-0; H, 13-0. C, H,)N requires C, 78-4; H, 12-4%). 
The picrate was obtained as pale yellow prisms easily soluble in alcohol, m. p. 147—148° (Found : 
C, 50-3, 50-7; H, 6-0, 6-0. C, 9H,,N,C,H,O,N, requires C, 50-3; H, 5-8%); the picrolonate as 
irregular yellow prisms sparingly soluble in alcohol, m. p. 243—244° (decomp.) (Found : C, 57-4, 
57-6; H, 6-6, 6-6. C,gH, N,C,)H,O;N, requires C, 57-6; H, 6-5%); and the methtodide as 
colourless prisms from acetone, m. p. 263—264° (Found: C, 44:9; H, 7-4. CH, ,N,CH;I 
requires C, 44-8; H, 7-5%). 

Base C.—The red picrate of this base was obtained as mentioned in the purification of the 
picrate of base (A) and also by removing the acetone from the filtrate in the crystallisation of 
the picrate of (B) and crystallising the residue from alcohol. It was easily soluble in acetone, 
but sparingly so in alcohol, from which it separated in bright red prisms, m. p. 253—254° 
(decomp.) after darkening from 245° (Found: C, 49-5, 49-6; H, 4-4, 4:3. C,)H,.N,,CgH,O,N, 
requires C, 49-3; H, 3-8%). The powdered picrate (0-7 g.) was stirred with 40% potassium 
hydroxide solution (40 c.c.) for 10 minutes in the water-bath, and the deep red solution cooled 
and extracted four times with ether. The extract was dried, and the ether removed, leaving 
0-25 g. of a nearly colourless, crystalline solid. It was sparingly soluble in light petroleum 
(b. p. 80—100°) and separated in thin hair-like prisms, but was best recrystallised from ether, 
giving faintly brown prisms, m. p. 100—101°. The base was obtained in colourless prisms, 
m. p. 101—102°, when sublimed in a high vacuum at 180° [Found: C, 74-6, 74-6; H, 7-3, 7-7; 
N, 17-4; M (Rast), 154, 157, 152. C,)H,.N, requires C, 75-0; H, 7-5; N, 17-56%; M, 160). 
The hydrochloride formed stout colourless prisms from alcohol, m. p. 248—249° (Found: N, 
14-45. C,,H,,N,,HCl requires N, 14-3%),and the base regenerated from it had m. p. 101—102° 
after crystallisation from ether or hexane. 

Non-basic Maiterial_—The ethereal extract from several experiments was dried and 
fractionated, giving (a) 4-37 g., up to 100°/1 mm., (0) 5 g., b. p. 110—120°/1 mm., and (c) 0-6 g., 
b. p. up to 160°/1 mm. On standing, (a) deposited 0-7 g. of a crystalline solid, which was 
recrystallised from light petroleum (b. p. 60—80°) and gave colourless plates, m. p. 52°, not 
depressed by admixture with indole. Fraction (b) was steam-distilled, the distillate extracted 
with ether, and the extract dried and fractionated, giving 0-65 g., b. p. 100—103°/1 mm., 0-9 g., 
b. p. 1083—105°/1 mm., 1-34 g., b. p. 105—110°/1 mm., and 0-55 g., b. p. up to 120°/1 mm. 
On cooling, the 1-34 g. fraction set to a buttery mass of plates, which were collected (0-4 g.), 
m. p. 32—33°, and redistilled (Found : C, 83:1; H, 7-7. Calc. for C,gH,,N : C, 82-8; H, 7-6%). 
The literature records the m. p. of 2-ethylindole as 32—33°, and that of the 3-isomer is given 
values from 37° to 43° (compare Barger and Scholz, J., 1933, 614). That the compound is 
3-ethylindole is shown by the fact that it liquefies when mixed with synthetic 2-ethlyindole, 
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but does not depress the m. p. of 3-ethylindole, and, further, its picrate, made in and crystallised 
from benzene, has m. p. 114—115° in agreement with that of 3-ethylindole. 


I am indebted to Mr. F. E. Charlton for carrying out a large number of the degradation 
experiments. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, September 28th, 1936.} 





378. The Phenazine Series. Part IV. The Octa- and 
Per-hydrophenazines. 


By G. R. CLemo and H. McItwain. 


In Part III (this vol., p. 258) we stated that the methods of preparation of two isomeric 
1:2:3:4:9:10: 11: 12-octahydrophenazines indicated the compound of m. p. 147° 
to be the cis-, and that of m. p. 156° to be the ¢vans-isomer ; of these, the latter is dissym- 
metric and should be resolvable. Attempts to resolve both compounds with tartaric, 
malic, camphorsulphonic, and bromocamphorsulphonic acids have, however, been un- 
successful; but, failing this direct evidence, we offer confirmation of the above hypothetical 
structures by a comparison of the physical properties of the isomers. 

Auwers (Annalen, 1920, 420, 92), from his investigation of ethylenic and homocyclic 
geometrical isomers, stated that the cis-compound usually possessed the higher boiling 
point (liquid), density, and refractive index; Skita, investigating homocyclic compounds, 
made the generalisation that in the hydrogenation of an unsaturated compound acid and 
alkaline reduction lead to the production of the cis- and the trans-isomer respectively. A 
review of the data recorded for fused heterocyclic systems indicates that the Auwers- 
Skita rule extends to such compounds without exception. In addition, the melting point 
of the cis-compound is lower than that of the ¢vans, though Werner (‘‘ Lehrbuch,” p. 172) 
stated that melting point and solubility were not certain criteria of configuration in ethyl- 
enic and homocyclic geometrical isomers. Values obtained for the octahydrophenazines 
at present under investigation, given in the table below, definitely indicate the compound, 
m. p. 147°, to be the cis-isomer. 


nn” Sol. in alcohol, _—_ Sol. in ether, 

Isomer. M. p. q20° q®®. (calc.). % (w/v), 20°. % (w/v), 20°. 
Ngee SSR 147° «11949 1-0064 1-6182 18-1 19-1 
GES: pccenddccsnses 156 1-1989 0-9982 1-6146 23-6 17:8 


Although the densities of the compounds determined in the liquid state (at 182° by a 
pyknometric method) are in agreement with the Auwers-Skita rule, in the solid state the 
trans-compound is the denser. The refractive index of each isomer was calculated from 
values obtained for solutions in pyridine of several concentrations, which obeyed the mixture 
law. The order of solubilities of the two isomers is different in different solvents (compare 
Werner, of. ctt.). 

Reduction of 1 : 2:3: 4-tetrahydrophenazine with sodium, which normally leads to 
the ¢rans-compound, produces inainly the cis- in the presence of acetic acid ; in this, and in 
a tin-hydrochloric acid reduction, the cis-form is accompanied by a small amount of the 
trans-; this has also been observed during analogous reductions of tetrahydrocarbazole 
(J., 1924, 125, 1503; 1927, 2676) and tetrahydroacridine (J., 1924, 125, 2437). In the 
present case, the reaction mixture can be readily separated by means of the insoluble 
tartrate formed in alcoholic solution by the ¢vans-compound. 

Further reduction of these three octahydrophenazines has led to the production of three 
perhydro(14H)-phenazines, which are essentially the same as the compounds described 
by Godchot and Mousseron (Bull. Soc. chim., 1932, 51, 528) as being produced by the 
reduction of 1: 2:3:4:5:6:7:8-octahydrophenazine. The terms a, 8, and y used by 
those authors are here used to designate the isomers, m. p. 135° (dinitroso-deriv., m. p. 
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168°; dipicrate, m. p. 278°), m. p. 95° (dinitroso-deriv., m. p. 183°; dipicrate, m. p. 252°), 
and m. p. 62° (dinitroso-deriv., m. p. 107°; dipicrate, m. p. 242°) respectively. 

The various methods by which we have prepared these compounds, and the results 
of their attempted interconversions, are summarised in Table I. 

1:2:3:4:5:6:7:8-Octahydrophenazine is reduced in acetic acid solution by 
platinum-hydrogen under 100 Ib./sq. in. to a mixture of all three isomeric perhydrophen- 
azines. A consideration of the structures of the isomers possible in this type of compound 
shows that in only two of these are the hydrogen atoms of both junctions arranged in the 
cis-positions ; in the production of this mixture of isomers, therefore, the platinum—acetic 
acid reagent has deviated from the simple Skita rule (see above) in at least one instance. 
It was not, however, found possible to cause the isomerisation of any of these compounds 
by a shaking in glacial acetic acid in the presence of platinum under the conditions of the 


reduction. 
‘ UN 
++ 4+- 4+- -- -+ € ‘Ye 
++ t+ — +4 + + +> tet 
(I.) (II.) (III.) (IV.) (V.) 


(The isomers are referred to in terms of the hydrogen atoms attached to carbon atoms 
11, 12, 13, and 14 of the phenazine nucleus, which are represented by + if above and by — 
if below the mean plane of these C atoms.) 

The observation that isomeride « is the product of a great number of reductions (re- 
actions 1, 2, 4, 5, 7, and 10 in Table I) and the fact that it is the sole product of isomeris- 
ation in the perhydrophenazines (reactions 14, 16) indicates it to be a very stable compound. 
In all comparable cases of cis-trans isomerism investigated (Alder and Stein, Annalen, 
1933, 501, 247; Chuang and Tien, Ber., 1936, 69, 26; Zelinsky and Turowa-Pollak, Ber., 
1925, 58, 1292, 1298; 1932, 65, 1299), the érans is the stable product. It appears probable, 
therefore, that isomeride « possesses at least one ¢vans junction; that it is not a normal 
product in the reduction 4 is indicated by the failure of Godchot and Mousseron (loc. cit., 
p. 368) to detect it in the product of reduction of 1:2:3:4:5:6:7 : 8-octahydrophen- 
azine and of phenazine itself in glacial acetic acid by hydrogen at only a little over atmo- 
spheric pressure, and catalysed by platinum. Confirmation of this suggested structure 
is afforded by reactions 14 and 16 in view of the observation of Margolis (Ber., 1936, 69, 
1710) that in substituted cyclohexanes the equilibrium cis == trans is moved in favour 


TABLE I. 
- Initial Materials. Reducing Agents. Products. 
1:2:3:4-Tetrahydrophenazine 1. H,-Pt cis-Octahydro- and a-perhydro-phen- 
azine 
2. H,-Ni-A at 140° a-Perhydro- and _ s-octahydro-phen- 
azine. 
3. H,-Ni-B at 140° cis-Octahydro- and tvans-octahydro- 
phenazine (little) 
s-Octahydrophenazine ............ 4. H,-Pt a-, B-, and y-Perhydrophenazine 
5. H,-Ni-A at 140° a-Perhydrophenazine 
6. H,-Ni-B at 140° No change 
cis-Octahydrophenazine ......... 7. H,-Pt; 8, H,-Ni-A at a-Perhydrophenazine 
140° 
9. H,-Ni-B at 140° tvans-Octahydrophenazine 
tvans-Octahydrophenazine ... 10. H,-Pt; 11, H,-Ni-A at a-Perhydrophenazine 
140° 
12. H,-Ni-B No change 
a-Perhydrophenazine ............ 13. H,-Ni-A and -B at 140°; No change 


H,SO,; HCl; recovery 
from NO-cmpd. 
B-Perhydrophenazine ............ 14. H,-Ni-A, 140° a-Perhydrophenazine 
15. Ni-B; H,SO,; HCl; re- No change 
covery from NO-cmpd. 
y-Perhydrophenazine ............ 16. H,-Ni-A, 140° a-Perhydrophenazine 
17. Ni-B; H,SO,; HCl re- No change 
covery from NO-cmpd. 
(For the definition of Ni-A and Ni-B, see this vol., p. 258.) 
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of the latter by a nickel catalyst. It is also noteworthy that isomerisation must have 
taken place in at least one instance during the production of isomeride « from czs- and 
trans-octahydrophenazine by reactions 7 and 10. 

Attempted resolutions of the perhydrophenazines with camphorsulphonic, bromo- 
camphorsulphonic, and tartaric acids have failed to yield an active compound. This nega- 
tive evidence, which would confirm the cis-cis structures (I) and (II) for isomerides 8 and y, 
and suggest structure (IV) for isomeride «, cannot, however, be relied upon, especially 
in view of the failure to resolve the octahydraphenazines. 

Godchot and Mousseron (loc. cit.) succeeded in dehydrogenating the «- and $-perhydro- 
phenazines by means of zinc dust, though this method affords only a poor yield. We have 
found that all three perhydrophenazines, in common with other reduced phenazine com- 
pounds (this vol., p. 258), are smoothly dehydrogenated by means of palladium-charcoal, 
giving yields of phenazine approaching the theoretical. 


EXPERIMENTAL. 


Acid—Metal Reductions of 1:2:3:4-Tetrahydrophenazine.—(1) The base (0-5 g.) was 
refluxed in alcohol (10 c.c.), and glacial acetic acid (15 c.c., 50% alcoholic) and sodium (2°5 g.) 
were added alternately in small amounts during }# hour so that the solution remained acid 
but the reaction did not proceed too vigorously. The product was poured into water, basified 
(sodium hydroxide solution), and extracted with ether, the solvent removed from the extract, 
and the residual bases dissolved in absolute alcohol (20 c.c.). The solution was boiled, d-tartaric 
acid (0-2 g.) added, and after } hour the precipitated trans-1 : 2:3:4:9: 10: 11: 12-octahydro- 
phenazine d-tarirate (0-02 g.), m. p. 222° (Found: C, 63-85; H, 6-9. 2C,,H,N2,C,H,O, requires 
C, 63:9; H, 7-2%), was collected, and the base recovered by trituration with water (0-015 g., 
m. p. 166°). The residue left on removal of solvent from the alcoholic mother-liquor was 
basified (sodium hydroxide solution) and shaken with water and ether, and the cis- 
1;2:3:4:9:10:11: 12-octahydrophenazine obtained from the ethereal solution (0:3 g., 
m. p. 146°) crystallised from alcohol. 

(2) The base (0-5 g.) was dissolved in warm concentrated hydrochloric acid (20 c.c.), and 
tin (4-0 g.—a large excess; less gave partly reduced products) added; the initially deep green 
solution became finally colourless, and the cis (0-4 g.) and the trans (0-05 g.)-octahydrophenazine 
were separated by the above method. 

a-Perhydrophenazine.—(1) 1: 2: 3 : 4-Tetrahydrophenazine (5 g.) was passed in a stream of 
hydrogen over nickel catalyst A at 140° during 3 days and yielded a mixture which could not 
be separated by fractional crystallisation. To the product in hot alcohol (100 c.c.), excess of 
d-tartaric acid was added, and the precipitated «-perhydrophenazine d-tartrate collected (3-8 g., 
m. p. 315°) (Found: C, 48-4; H, 8-65. Calc. for C,,H,.N,,C,H,O,,3H,O:C,48-2; H, 8-6%). 
The base was recovered by ether extraction of the basified solution of its salt, and separated 
from benzene in colourless needles, m. p. 135° (Found: C, 74-4; H, 11-5. Calc. for C,,H,,N, : 
C, 74:2; H, 113%). Concentration of the alcoholic mother-liquor caused the separation of 
1:2:3:4:5:6:7: 8-octahydrophenazine (1-4 g.), and a little unchanged tetrahydro- 
compound remained in solution. The amount of reduced products increases with increasing time 
of passage. 

(2) Each of the three octahydrophenazines (1-0 g.), when reduced for 3 days in the manner 
described immediately above, yielded only a-perhydrophenazine (0-5 g.). The separation of the 
d-tartrates of a-perhydrophenazine and ivans-octahydrophenazine, which were precipitated 
together when the product of reduction of the latter compound was worked up by the above 
method, was effected by trituration with water, which decomposed only the octahydrophenazine 
salt. . 
(3) Isomerides 8 and y (0-5 g.) were passed separately over nickel catalyst A in the manner 
described above, the catalyst extracted with hot alcohol, and the «-perhydrophenazine crystal- 
lised (0-25 g.). The mother-liquor, when separated by the urate method, was found to con- 
tain only the «-isomeride and initial material. 

(4) 1: 2:3: 4-Tetrahydrophenazine (1 g.), platinum oxide (0-05 g.), and glacial acetic 
acid (10 c.c.) were shaken in hydrogen (100 lb./sq. in.) for 20 hours. The yellow solution became 
colourless; the catalyst was removed by filtration, the filtrate basified (sodium hydroxide) and 
extracted with ether, the residue after removal of solvent dissolved in hot alcohol (20 c.c.), 
and d-tartaric acid (0-5 g.) added. The precipitated «-perhydrophenazine d-tartrate was 
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collected, and the base recovered as described above (0-2 g.). The alcoholic mother-liquor on 
concentration yielded cis-1: 2:3:4:9:10: 11: 12-octahydrophenazine (0-7 g.). 

By the above method, both of the 1: 2:3:4:9: 10:11: 12-octahydrophenazines yielded 
only «-perhydrophenazine. 

8- and y-Perhydrophenazines.—1 :2:3:4:5:6: 7: 8-Octahydrophenazine (5-0 g.), platinum 
oxide (0-3 g.), and glacial acetic acid (15 c.c.) were shaken in hydrogen (100 Ib./sq. in.) for 20 
hours. Water was added to dissolve the salt produced, and the solution basified (sodium 
hydroxide) and extracted with ether. The mixture of bases (5'g.) left on removal of solvent 
could not be completely separated by fractional crystallisation, and only partly by crystallis- 
ation of the tartrates of nitroso-compounds (compare Godchot and Mousseron, Joc. cit., who 
separated the $- and the y-isomeride by means of their nitroso-derivatives, and indicated a 
difference to exist in the solubilities of the urates of the bases). 

The mixture was well shaken in hot water (120 c.c.) with uric acid (5-0 g.), and the insoluble 
portion was removed, basified, and extracted with light petroleum, from which §-perhydro- 
phenazine (1-8 g., m. p. 95°) (Found : C, 74-4; H,11-7. Calc. for C,,H,,.N,: C, 74-2; H, 11-3%) 
crystallised, on concentration, in stout colourless prisms. The base absorbs carbon dioxide from 
the air to yield a compound, m. p. 105—110°; the m. p. of 107° recorded by Godchot and 
Mousseron (loc. cit.) for a base (dinitroso-derivative, m. p. 182—183°) prepared in a similar 
manner is attributed to this phenomenon, for a repetition of their process led to 8-perhydro- 
phenazine, m. p. 95° (dinitroso-derivative, m. p. 183°). 

The bases recovered from the more soluble urates were fractionally crystallised from light 
petroleum, yielding «-perhydrophenazine (0-4 g.) and the y-isomeride (1-5 g.). A further 
quantity of each isomeride could be separated from the combined mother-liquors by repeating 
the urate separation. The occurrence of a-perhydrophenazine urate in this fraction can be 
reconciled with its lesser solubility reported by Godchot and Mousseron by the small amount 
present. Reduction over a longer period or with a greater amount of catalyst produced the 
same result. 


Our thanks are due to Mr. O. Telfer for micro-analyses, and one of us (H. MclI.) is indebted 
to the Department of Scientific and Industrial Research for a maintenance grant. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, September 28th, 1936.] 





379. <Anthraquinone Colouring Matters: Ruberythric Acid. 
By DEREK RICHTER. 


THE presence of a glycoside of alizarin in madder was first shown in 1847 by Schunck, who 
obtained an amorphous preparation which he called ‘‘ rubian ” (Annalen, 1847, 66, 176). 
Crystalline ruberythric acid was isolated a few years later by Rochleder, and was one of the 
first glycosides to be obtained pure (Amnalen, 1851, 80, 324). Glycosides of alizarin are 
also present in a number of common British species, including Galium mollugo and G. verum 
(Hill and Richter, in the press). 

The investigations of Graebe and Liebermann (Amnalen, 1869, Suppl. 7, 296) and of 
Liebermann and Bergami (Ber., 1887, 20, 2741) led to the conclusion that ruberythric acid 
was probably a diglucoside, as it gave on treatment with acids, alkalis, or hydrolytic enzymes 
two molecules of a dextrorotatory sugar which they believed to be glucose : 

CygH gO, + 2H,O —> 2CgH 1.04 + CyyH,O, 

Schunck and Marschlewski prepared a number of derivatives of ruberythric acid which 
gave evidence that the two sugar residues are attached together in the form of a disaccharide 
instead of being on separate hydroxyl groups of the anthraquinone nucleus; but their 
work did not settle the formula (J., 1894, 65, 187). 

More recently the question of the constitution of ruberythric acid has been attacked from 
a new angle by Glaser and Kahler (Ber., 1927, 60, 1349), Zemplén and Miiller (Ber., 1929, 
62, 2107), and Robertson (J., 1930, 1136), who synthesised alizarin-1 ; 2-O-diglucoside, 
alizarin-2-O-maltoside, and alizarin-2-O-cellobioside; but none of these compounds was 
5Q 
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identical with ruberythric acid. Jones and Robertson then found that the sugar from 
ruberythric acid gave the qualitative test for a pentose or a methyl pentose (J., 1933, 
1167). They further synthesised an acetyl derivative of alizarin-2-O-8-primveroside,* 
but their product was not identical with hepta-acetylruberythric acid. 

The sugar of ruberythric acid has now been obtained by enzymatic hydrolysis and 
identified as primverose. Since primverose does not melt sharply enough for a mixed 
melting point to be of value, the identification was completed by examining the crystallo- 
graphic properties of the sugar. 

The position of the sugar residue in ruberythric acid was determined by methylating 
the acid with silver oxide and methyl iodide, removing the methylated sugar residue by 
acid hydrolysis, and isolating alizarin 1-methyl ether, which was obtained in good yield. 








cooH O[ OHH om, | OHH Qu 
7 \CHC—C—C—CH-CH,0-CH-C —C—C—-CH, 
H OH H H OH H 





This showed that the sugar residue must occupy the 2-hydroxyl group. Ruberythric 
acid was readily hydrolysed in 2 hours at 37° by the enzymes of Primula officinalis and 
P. vulgaris, which have been shown to belong to the hetero-8-glucosidases (Oppenheimer, 
“Die Fermente und ihre Wirkungen,” 1935, VIII, 291); the attachment of the sugar to 
the aglycone is therefore of the normal 8-type (cf. Jones and Robertson, Joc. cit.). 

Since ruberythric acid is a primveroside, the enzyme erythrozym obtained by Schunck 
from madder root must belong to the same class as the “‘ primverosidases ” (J. pr. Chem., 
1851, 63, 222). The fact that the sugar residue in ruberythric acid occupies the 2-hydroxyl 
group suggests that a l-methyl ether of ruberythric acid may be present in Chay root, 
from which Perkin and Hummel isolated alizarin 1-methyl ether (J., 1893, 68, 1160). 


EXPERIMENTAL. 


Properties of Ruberythric Acid.—The acid was prepared from fresh madder root and separated 
from the other glycosides by fractional precipitation of their barium salts in 50% alcohol 
(Hill and Richter, Joc. cit.) ; 600 g. of fresh root gave 1-0 g. of ruberythric acid, m. p. 257°. The 
microanalysis agreed with a pentosidohexoside monohydrate rather than with a dihexoside 
[Found: C, 54-2; H, 5-5. Rochleder found: C, 54-5; H, 5-2. Schunck found: C, 55-5, 
55-6; H, 5-4, 5-2. Liebermann and Bergami found : C, 54-96, 55-23; H, 5-07, 5-20. C,,;H,,0,, 
(pentosidohexoside,H,O) requires C, 54-3; H, 511%. CygH,,0,, (dihexoside) requires C, 55-32; 
H, 497%]. 

Enzymatic Hydrolysis of Ruberythric Acid.—The enzyme was prepared by grinding xylem 
(1 g.), dissected from the fresh root of Rubia tinctorum, ina mortar. Water was added, and the 
solid filtered off and washed well before extensive hydrolysis of the glycosides present had 
occurred. Ruberythric acid (100 mg.) was added to a suspension of the enzyme in water (200 
c.c.) and tne mixture was incubated at 37° with occasional shaking. Spectroscopic examination 
of the mixture in alkali showed that after 14 hours the hydrolysis was nearly complete. The 
alizarin and enzyme were filtered off, and the sugar solution extracted with butyl alcohol to 
remove undecomposed ruberythric acid, and evaporated under reduced pressure to 0-2 c.c. 
The solution was then filtered again and evaporated nearly to dryness; the residual gum in 
contact with 0-6 c.c. of methyl alcohol slowly became crystalline. The sugar was recrystallised 
twice from methyl alcohol. Yield 30 mg., decomp. 195°. 

Properties of the disaccharide. A solutidn containing 29-6 mg. of the sugar in 0-75 c.c. of 
water gave [a«]>* — 3° 30’. An estimation of the reducing power of the sugar by the Hagedorn- 
Jensen micromethod gave that 0-71 mg. was equivalent to 0-37 mg. of glucose, which is in agree- 
ment with a reducing disaccharide with one free aldehyde group. With phenylhydrazine it 
gave a crystalline phenylosazone, yellow prisms, m. p. 203—205° (decomp.). 

Hydrolysis of the disaccharide. The sugar was hydrolysed by heating it for 5 hours on a 


* In a private communication Prof. Robertson has intimated that in view of more recent work the 
constitution given for the synthetic acetyl derivative cannot be regarded as certain. 
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boiling water-bath with 0-4N-sulphuric acid: the rotation changed to [aJ#® + 31° 30’. An 
estimation of the reducing power of the sugar obtained by hydrolysis gave that 0-46 mg. was 
equivalent to 0-40 mg. of glucose, indicating that two molecules of aldose had been formed by 
hydrolysis. 

A pentose estimation by McCance’s method (Biochem. J., 1926, 20, 1111) with 4:3 mg. of 
ruberythric acid gave 26%. A pentosidohexoside of alizarin + H,O requires 27% pentose. 
The pentose was identified by oxidising it to the corresponding acid : a solution of the pentose 
(6 mg.) in water (1 c.c.) was warmed with saturated bromine solution (1 c.c.) and cadmium 
carbonate (50 mg.) for 2 hours at 46°. The excess of cadmium carbonate was centrifuged off, and 
the solution evaporated nearly to dryness. Whetstone-shaped crystals of cadmium bromo- 
xylonate, sparingly soluble in 80% alcohol, separated on standing, showing the pentose to be 
d(+-)-xylose. 

When 1-2 mg. of the hydrolysed sugar mixture were treated with phenylhydrazine, an 
insoluble osazone with the characteristic appearance of glucosazone crystallised from the 
solution at 100°. A solution containing 1-1 mg. of the aldohexose, when shaken with Sacchar- 
omyces cerevisiae and phosphate buffer mixture at py 5 in an atmosphere of nitrogen in a Warburg 
apparatus at 30°, was rapidly fermented. This confirmed that the aldohexose was glucose 
(Saccharomyces cerevisiae does not ferment pentoses). 

Identification of the disaccharide. The chemical examination of the disaccharide obtained 
from ruberythric acid showed it to be made up of glucose and d(+)-xylose. The observed 
rotation of the sugar, — 3° 30’, and of its hydrolysis products, + 31° 30’, agreed with the 
corresponding values, — 3° 30’ and + 35° 30’, for primverose, or 6-f-d-xylosido-d-glucose. 
The decomposition temperature, 195—200°, also agreed with that of primverose. 

A comparison was then made of the crystallographic properties of the disaccharide and a 
pure specimen of primverose kindly given by Prof. Charaux. Crystallisation of the disaccharide 
from 90% acetic acid was induced by seeding with primverose, and similarly the crystallisation 
of the primverose was induced by seeding with the disaccharide. Both sugars formed anhydrous 
crystals of parallel-sided tabular habit, showing similar double refraction and interference. 

Disaccharide a= 140° B=115° wy (maximum) = 1-565 

Primverose a = 142° g=114° oi = 1-563 
Both crystals gave a slow ray vibrating parallel to their best developed faces. These measure- 
ments confirm the identity of the two sugars. 

Position of the Sugary Residue-—Methjlation. Ruberythric acid (200 mg.) was ground with 

silver oxide (6 g.), and the mixture taken up in 80 c.¢. of acetone and boiled with methyl iodide 
(6 c.c.) under reflux for 6 hours. The silver compounds were then filtered off, and the solution 
evaporated to dryness. The product was washed with light petroleum and then with water, 
and crystallised from methyl alcohol, from which it separated in pale yellow needles. Yield 
190 mg., m. p. 170—180°. It did not give a red colour with cold alcoholic sodium hydroxide, 
which showed that the hydroxyl group in the anthraquinone nucleus was methylated [Found : 
OMe, 25-2. C,sH,30,(OMe); requires OMe, 25-0%]. 
_ Alizarin 1-methyl ether. The methylated ruberythric acid (150 mg.) was hydrolysed by 
boiling for 14 hours with acetic acid (2 c.c.), concentrated hydrochloric acid (1 c.c.), and water 
(2 c.c.). The product, which separated on cooling, was taken up in chloroform and extracted 
from the chloroform with aqueous ammonia, and the solution treated with barium hydroxide 
solution. The filtered solution of the ammonium salt was acidified with acetic acid, and the 
crystalline precipitate separated and recrystallised from dilute acetic acid, forming clusters 
of pale yellow plates (40 mg.), m. p. 176°. It had all the properties of alizarin 1-methyl] ether 
and differed from alizarin 2-methy] ether in giving an orange-red solution in alkalis and in being 
readily hydrolysed by heating with sodium hydroxide solution to give alizarin. 


The author thanks Sir Frederick Hopkins and Dr. R. Hill for their interest and advice, 
Mr. H. I. Drever for his assistance with the crystallographic measurements, the Medical Research 
Council for a personal grant held while a part of the work was in progress, and the Chemical 
Society for a grant which defrayed a part of the cost. 


THE BIOCHEMICAL LABORATORY, CAMBRIDGE. [Réceived, September 29th, 1936.] 
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380. A Reaction of Certain Diazosulphonates derived from B-Naphthol- 
l-sulphonic Acid. Part XVI. The Constitution and Reactions 
of 1-Methoxy-3-(4'- and 3’-nitroaryl)-4-methylene-3 : 4-dihydrophthal- 


azines. 
By F. M. Rowe and H. J. TwItcHETT. 


THE methylated bases of 3-nitroarylphthalaz-l-ones combine with alcohols and the resulting 
compounds in three instances are converted by heat into corresponding 4-keto-1-methoxy- 
3-(nitroaryl)-3 : 4-dihydrophthalazines; the constitution of the latter has been confirmed 
by synthesis (J., 1935, 1808). 

The oxygen atom of the 1-keto-group of 4’-nitro-3-aryl-4-methylphthalaz-l-ones (I) 
also can be methylated with methyl sulphate, and coloured bases (of which II is probably 
the precursor) isolated. These methylated bases, however, do not combine with alcohols 
and after recrystallisation from ethyl acetate or alcohols are merely decomposed by 
heat. The red crystalline substances contain 1 molecule of water less than is required 
by (II) and are considered to be 1-methoxy-3-(4’-nitroaryl)-4-methylene-3 : 4-dihydro- 
phthalasines (III; R= 4’-nitrophenyl, 2’:6’-dibromo- or -dichloro-4’-nitrophenyl, 

2’-chloro-4'-nitrophenyl, or 4’-nitro-2’-methylphenyl) (J., 1931, 1068, 1077; 1932, 13, 
474). Compounds (III) are reconverted into (I) by demethylation. 
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Although methyl sulphate reacts in other cases (I; R = 3’- or 2’-nitrophenyl, 4’- 
chloro-2’-nitrophenyl, or 2’-nitro-4’-methylphenyl) (J., 1931, 1919; 1935, 1798; this vol., 

p. 1102), the products resist crystallisation, and in one instance only (I; R = 2’-bromo-4’- 
ane der (J., 1935, 1135) methylation does not occur. The preparation of compounds 
(III; R = 4’-nitrophenyl, 2’ : 6’-dichloro-4’-nitrophenyl, or 3’-nitrophenyl) has now been 
re-examined, but the main object of the present investigation was to confirm the con- 
stitution of these compounds by means of reactions characteristic of compounds containing 
an external methylene group. 

Originally compounds (I) were methylated in nitrobenzene solution with methy] sulphate 
at 130°, but closer examination has revealed that this method results in the simultaneous 
formation of the corresponding 4-keto-l-methoxy-3-(nitroary])-3 : 4-dihydrophthalazine. 
This side reaction is avoided, however, by omitting nitrobenzene and it is also preferable 
to use a lower temperature, viz., 50—70° according to the nature of the compound. On 
the addition of sodium carbonate to an aqueous solution of the methosulphate, an orange- 
yellow gelatinous precipitate separates and this is probably the ammonium hydroxide (II), 
but it coagulates almost immediately to the red y-base (III). Thus the molecule of water 
is lost at this stage and not during subsequent crystallisation. 

Most compounds containing external methylene groups are obtained as intractable 
resinous materials or liquids which become coloured and resinify on exposure to light and 
air, and even such crystalline compounds as those described by Mills and Raper (J., 1925, 
127, 2466) and Rosenhauer (Ber., 1926, 59, 946) can be preserved for only a few days without 
decomposition. The 1-methoxy-3-(4’-nitroaryl)-4-methylene-3 : 4-dihydrophthalazines, 
therefore, appear to be unique in that they crystallise readily and can then be preserved 
indefinitely without decomposition. This high stability, however, is allied with low 
basicity and reactivity; thus, only the perchlorates have been prepared pure, as other salts 
are low-melting and uncrystallisable, and the reactions now recorded in which a perchlorate 
is used do not occur if another crude salt is used in its place. When the perchlorates are 
used, many of the products possess low solubility and their analysis is difficult, because, 
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although the compounds are generally stable at their melting point, decomposition may 
occur explosively at a slightly higher temperature. 

Kuhn, Winterstein, and Balser (Ber., 1930, 63, 3178) nitrosated 1 : 3 : 3-trimethyl-2- 
methyleneindoline and isolated almost quantitatively 2-oximinomethy]-3 : 3-dimethyl- 
indolenine methoperchlorate, which is decomposed by boiling acetic anhydride with 
formation of hydrogen cyanide and 1:3: 3-trimethylindolinone. When compound 
(III; R= 4’-nitrophenyl) is treated with sodium nitrite under similar conditions, 
4-keto-1-methoxy-3-(4’-nitrophenyl)-3 : 4-dihydrophthalazine is deposited gradually and 
hydrogen cyanide is evolved. Thus, nitrosation does occur slowly, but the product is 
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unstable and decomposes more readily than the corresponding indoline derivative. Com- 
pound (III) is also converted rapidly into 4-keto-l-methoxy-3-(4’-nitropheny]l)-3 : 4- 
dihydrophthalazine by boiling with #-nitrosodimethylaniline ih alcoholic solution. 

Mills and Raper (loc. cit.) considered that -bases containing external methylene groups 
should combine with benzyl iodide to form ammonium salts in which the benzyl residue is 
attached, not to the nitrogen atom, but to the methylene group. The products they 
obtained from the y-base of quinaldine ethiodide were dibenzylquinaldine ethiodide and 
quinaldine ethiodide, and they established the sequence of reactions leading to this result 
(cf. also Mills and Akers, J., 1925, 127, 2475). Compounds (III; R = 4’- or 3’-nitropheny]) 
condense with benzyl iodide, the reaction being more rapid and complete with the 3’-nitro- 
compound. The products, however, are 1-methoxy-3-(4'- and 3’-nitrophenyl)-4-(B-phenyl- 
ethyl)phthalazinium iodides and we were unable to prepare dibenzyl derivatives by the 
further action of excess of benzyl iodide on them in presence of potassium acetate. 

Kuhn, Winterstein, and Balser (loc. cit.) could not condense 1 : 3 : 3-trimethylindolinone 
with 1 : 2:3: 3-tetramethylindoleninium salts, and we also failed to condense 4-keto-1- 
methoxy-3-(4’- or 3’-nitropheny]l)-3 : 4-dihydrophthalazine with cycloammonium salts 
containing reactive methylene groups. 

Kuhn, Winterstein, and Balser (loc. cit.) condensed 1 : 3 : 3-trimethyl-2-methylene- 
indoline with 2-oximinomethyl-3 : 3-dimethylindolenine methoperchlorate in acetic 
anhydride solution at 80—90° with elimination of hydrogen cyanide and formation of the 
monomethin derivative, indolenine-yellow. Compound (III) condenses similarly with 
2-oximinomethyl-3 : 3-dimethylindolenine methoperchlorate with elimination of hydrogen 
cyanide and formation of the easily hydrolysed (1 : 3 : 3-trimethyl-2-indolenino) (1'-methoxy- 
3’-p-nitrophenyl-3' : 4'-dihydro-4'-phthalazino)cyanine perchlorate (IV). The crude m-nitro- 
phenyl isomeride was isolated only as a red viscous oil. 

The preparation of symmetrical phthalazinocyanines from the perchlorates of (III; 
R = p- or m-nitrophenyl) was attempted by the method of Fisher and Hamer (J., 1930, 
2502), but the development of a deep reddish-brown to red colour was the sole evidence of 
the formation of a monomethin derivative and the unaltered perchlorate was the only 
recognisable compound isolated from the resinous product. This result is perhaps not 
surprising in view of the instability of the unsymmetrical compound (IV). 
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The inferior reactivity of compounds (III; R= 4’-nitrophenyl, 2’ : 6’-dichloro-4’- 
nitrophenyl, or 3’-nitrophenyl) in comparison with quinaldine derivatives is shown by the 
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fact that the perchlorates of the former do not condense with p-dimethylaminobenzaldehyde 
in boiling alcoholic solution in presence of piperidine. Condensation occurs readily, 
however, in hot acetic anhydride solution with formation of 1-methoxy-3-(4'-nitro-, 2' : 6’- 
dichloro-4'-nitro-, and 3'-nitro-phenyl)-4-p-dimethylaminostyrylphthalazinium perchlorate (V), 
although we obtained no analogous compounds by the use of benzaldehyde, or its dichloro-, 
nitro-, or hydroxy-derivatives under similar conditions. 

Attempts to prepare, from the perchlorates of (III) by the action of glyoxal in pyridine 
or acetic anhydride solution, divinylene compounds analogous to those described by Hamer, 
Heilbron, Reade, and Walls (J., 1932, 255) were unsuccessful. 

Kaufmann and Vallette (Ber., 1912, 45, 1736) condensed #-nitrosodimethylaniline with 
quinaldine ethiodide and obtained the p-dimethylamino-anil, and other anils of this type 
have been described by Smith (J., 1923, 123, 2288) and Bloch and Hamer (Phot. J., 1930, 
70, 374). When the perchlorates of (III; R = 4’- or 3’-nitrophenyl) are warmed with 
p-nitrosodimethylaniline in acetic anhydride solution, or in alcoholic solution containing 
a little acetic anhydride, a transient deep blue colour apparently indicates the formation 
of the #-dimethylamino-anil. A little of a dark blue, amorphous powder was isolated in 
the case of the 4’- nitro-compound by cooling the reaction mixture immediately the blue 
colour appeared, but this substance could not be purified. No #-dimethylamino-anils of 
trialkylindoleninium salts are described in the literature and our attempts to prepare them 
failed. 

The perchlorate of (III; R = 4’-nitrophenyl) does not react with formaldehyde in 
alcoholic solution containing sodium hydroxide, whereas alkyl salts of quinaldine under 
similar conditions yield deep blue solutions. Neither (III) nor its perchlorate reacts in 
boiling 90° formic acid solution (cf. Kuhn and Winterstein, B.P. 328,357), a method 
claimed to give carbocyanine dyes when other processes fail. When a mixture of (III; 
R = 4’- or 3’-nitrophenyl) and its perchlorate in acetic anhydride solution is boiled with 
ethyl orthoformate or, better, diphenylformamidine, however, condensation is rapid and 
bis-(1-methoxy-3-p- and -m-natrophenyl-3 : 4-dihydro-4-phthalazino)carbocyanine perchlorates 
(VI) are obtained. Numerous attempts to prepare from equimolecular proportions of the 
perchlorate of (III) and diphenylformamidine, the condensation product analogous to the 
w-anilinovinyl compounds described by Imperial Chemical Industries Ltd., Piggott, and 
Rodd (B.P. 344,409) and Ogata (Proc. Imp. Acad. Tokyo, 1932, 8, 119), from 1: 2:3: 3- 
tetramethylindoleninium iodide, quinaldine methiodide, etc., indicate that such an inter- 
mediate condensation does not occur with the phthalazinium salt, although it forms the 
carbocyanine dye (VI) readily. Under parallel conditions 1 : 3 : 3-érimethyl-2-B-acetanilido- 
and -anilino-vinylindoleninium perchlorates are obtained with ease. 

Mills and Braunholtz (J., 1922, 121, 1489), and later Ogata (loc. cit.), demonstrated that 
the various classes of cyanine dyes exhibit a type of virtual tautomerism involving the 
transference of the acid radical from one of the two nitrogen atoms to the other, by obtaining 
identical products from two processes which, in the absence of such an intramolecular 
change, should have given isomerides differing in the nitrogen atoms to which the acid 
radical was attached. Mills and Braunholtz also pointed out that, although it was not 
determined which of the two possible formulz should be assigned to the crystalline product, 
it will evidently be the salt derived from the stronger of the two corresponding bases. When 
a mixture of the perchlorate of (III; R = 4’-nitrophenyl), 1 : 3 : 3-trimethyl-2-methylene- 
indoline and diphenylformamidine, or ethyl orthoformate, is heated in acetic anhydride 
solution, a substance (A) is obtained as dark lustrous crystals, m. p. 246—250°, and the 
analytical results only approximate to those required by the desired indoleninophthalazino- 
cyanine. On the other hand, 1 : 3: 3-trimethyl-2-f-acetanilidovinylindoleninium per- 
chlorate condenses with (III; R = 4’-nitropheny)) in boiling acetic anhydride solution and 
(1 : 3 : 3-trimethyl-2-indolenino) (1'-methoxy-3'-p-nitrophenyl-3' : 4'-dihydro-4'-phthalazino)- 
carbocyanine perchlorate (VII), m. p. 265° (decomp.), is obtained. This method also gives 
the 2” : 6’’-dichloro-4'’-nitro-analogue, but the crude m-nitrophenyl] isomeride was isolated 
only as a resin soluble in methyl alcohol with a violet-blue colour. As a result of a difficult 
fractional crystallisation from acetic anhydride, the substance (A) above was found to be a 
mixture of (VI; R = 4’’-nitrophenyl) and (VII). This appears to support the view that 
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the positive charge is more under the influence of one nitrogen atom than the other. 
Consequently, an unsymmetrical compound will be obtained in good yield only when the 
reaction is carried out with, as salt, that compound the nitrogen atom of which in the 
product bears the positive charge, and, as base, that compound the nitrogen atom of which 
in the product is tertiary. Otherwise double decomposition must occur and so, in the 
presence of ethyl orthoformate or diphenylformamidine, render possible the production of 
two symmetrical dyes, in addition to the unsymmetrical one. Although in the present 
case, we isolated only the latter (VII) and one of the former (VI), the presence of the much 
more soluble bis-(1 : 3 : 3-trimethyl-2-indolenino)carbocyanine perchlorate was indicated 
by the violet colour of the filtrate from substance (A). This view is supported by the 
results of Ogata (loc. cit.), for, although he isolated identical products from his two processes, 
in all cases that he examined the yield from one method was twice that from the other. 
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The perchlorates (VII) are not very soluble and it was thought that an unsymmetrical 
polymethin dye might be isolated as a more soluble iodide if a very reactive highly basic 
compound was used as first component with (III) as second component, despite the low 
reactivity of the latter. Consequently, 5-chloro-2-f-acetanilidovinylbenzthiazole ethiodide, 
prepared from 5-chloro-l-methylbenzthiazole ethiodide and diphenylformamidine, was 
condensed with (III; R = 2’: 6’-dichloro-4’-nitrophenyl), and (5-chloro-2-ethyl-1-benz- 
thiazolo) (1'-methoxy-3’-[2”" : 6’'-dichloro-4''-nitrophenyl]-3' : 4'-dthydro-4'-phthalazino)carbo- 
cyanine todide (VIII) obtained; it was moderately soluble in methyl alcohol. 

Attempts to prepare penta- and hepta-methin (di- and tri-carbocyanine) dyes containing 
a phthalazine residue or residues by the methods of Beattie, Heilbron, and Irving (J., 
1932, 260) and Fisher and Hamer (J., 1933, 189), respectively, were unsuccessful. 

' Orange dyes have been prepared by condensing 1-phenyl-3-methy]-4-anilinomethylene- 
5-pyrazolone with the %-base of quinaldine methiodide, 1 : 3 : 3-trimethyl-2-methylene- 
indoline, etc. (Imperial Chemical Industries Ltd., Rodd, and Watts, B.P. 366,964). 
Compound (III; R = 4’-nitrophenyl) condenses similarly with the pyrazolone with form- 
ation of 1-methoxy-3-p-nitrophenyl-4-(5'-keto-1'-phenyl-3'-methylpyrazolinylidene-ethylidene)- 
3 : 4-dihydrophthalazine (IX). 
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Konig (Ber., 1923, 56, 1543; 1924, 57, 144, 891; cf. Adam, Wissensch. Ind., 1923, 2, 
2; Humphries, J., 1926, 374) studied the coupling of diazotised aniline or #-nitroaniline 
with quinaldine, benzthiazole and indoline y%-bases and found that, although various 
complications can occur, with a suitable technique the N-alkyl group is not eliminated and 
somewhat unstable azo-dye bases, which form stable salts with strong acids, are produced. 
Compounds (III; R= 4’-nitrophenyl, 2’ : 6’-dichloro-4’-nitrophenyl, or 3’-nitropheny]) 
couple readily with diazotised aniline or p-nitroaniline under carefully controlled conditions 
of acidity and in absence of excess nitrous acid, and the resulting azo-compounds are 
isolated as their stable perchlorates (X ; R’ = phenyl or 4’’-nitrophenyl). Azo-compounds 
of this type exhibit halochromism. The benzeneazomethyl compounds are deeper coloured 
(red) in solution than the corresponding #-nitro-analogues (orange), and when alkali is 
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added to the solutions, the former are little altered, whereas the latter are coloured violet 
and a violet precipitate separates. Diazotised p-aminobenzoic, anthranilic, sulphanilic, 
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and 1-amino-8-naphthol-3 : 6-disulphonic acids also were coupled with (III); the products 
separated from the reaction mixtures and appeared to be internal salts of the respective 
monoazo-compounds, but they were not obtained pure. 

Experiments such as those of Humphries (loc. cit.) with p-nitrophenylnitrosoamine and 
cold alcoholic solutions of quaternary salts could not be carried out with the phthalazinium 
salts owing to the insolubility of the latter under these conditions. The only evidence 
that the perchlorates of (III) react with phenylhydrazine in the manner described by 
Rosenhauer (Ber., 1924, 57, 1192) for 1: 2:3: 3-tetramethylindoleninium iodide was the 
production of deep red colours. 

Attempts to prepare addition products of (III) with carbon disulphide (cf. Schneider, 
Gaertner, and Jordan, Ber., 1924, 57,522; Konig, 2bid., 1928, 61, 2069), or reaction products 
of the perchlorates of (III) with 4 : 4’-bisdimethylaminobenzhydrol (cf. Humphries, loc. cit.), 
were unsuccessful. 

Although it is well known that primary and secondary arylamines and pyridine react 
with 2 : 4-dinitrochlorobenzene to form N-dinitrophenyl derivatives, the reaction of this 
reagent with bases containing external methylene groups does not appear to have been 
recorded hitherto. Compounds (III; R = 4’- or 3’-nitrophenyl) readily condense with 
2:4-dinitrochlorobenzene in boiling alcoholic solution with elimination of hydrogen 
chloride (the yield is doubled in presence of potassium acetate) and formation of 1-methoxy- 
3-(4'- and 3’-nitrophenyl)-4-(2" : 4’'-dinitrobenzylidene)-3 : 4-dihydyophthalazine (XI). 
Similarly 1 : 3 : 3-trimethyl-2-methyleneindoline and the y-base of quinaldine ethiodide 
yield wont 2-(2’ : 4’-dinitrobenzylidene)-1 : 3 : 3-trimethylindoline and 2-(2’ : 4’- 
dinitrophenyl)-\-ethyl-1 : 2-dihydroquinoline. The y-base of a-picoline ethiodide also 
reacted readily, but the product was isolated only as a resin, soluble in alcohol with a deep 
pure blue colour and soluble in concentrated sulphuric acid to a colourless solution, changing 
to intense blue on dilution. This indicates low basicity and, in conjunction with its much 
deeper colour than that of derivatives of more complex heterocyclic systems, suggests 
that condensation with 2 molecules of 2 : 4-dinitrochlorobenzene may have occurred in 
this case. 

Even acetoacetic ester and malonic ester appear to react with 2 : 4-dinitrochlorobenzene 
in boiling alcoholic solution in presence of potassium acetate, in that potassium chloride is 
deposited and deep red and yellow colours respectively are developed, but no solid products 
could be isolated in either case. 1-Phenyl-3-methyl-5-pyrazolone, however, gives the 
4-(2' : 4'-dinitrophenyl) derivative. 

The optical sensitising properties of the compounds described when added to silver 
halide emulsions have been kindly tested in the Research Laboratories of Kodak Ltd. 
None has any marked sensitising properties, but all, except (IX; R= 4’-nitropheny]), 
function as desensitisers in varying degrees: (V; R = 4’-nitropheny]l or 2’ : 6’-dichloro-4’- 
nitrophenyl), (VI; R= 4’- or 3’-nitrophenyl), (VII; R= 4”-nitrophenyl or 2” : 6’- 
dichloro-4"-nitrophenyl), and (VIII; R= 2” : 6’-dichloro-4’-nitrophenyl) are all good 
desensitisers, but the remaining compounds are moderate to weak desensitisers. 

Finally, 4’- and 3’-nitro-3-phenylphthalaz-l-one were methylated with improved results 
in the absence of nitrobenzene (cf. J., 1928, 2554, 2562), a somewhat higher temperature 
being necessary than with their 4-methyl homologues (I), and converted into their 
perchlorates, which are hydrolysed more easily than the perchlorates of (III). Neither 
1-methoxy-3-(4’- or 3’-nitrophenyl)phthalazinium perchlorate nor the bases undergo any 





~~ ch 65 *. SA Om . 


an fh Re at Of hUvfrhCUDPTRhlCOk CLS CU CONF 


a thi mei 


in ti ee tee ae 


ee LI 











derived from 8-Naphthol-\-sulphonic Acid. Part XVI. 1709 


of the reactions reported in the present paper, and the activity of such bases appears to be 
limited to combination with alcohols and conversion into 4-keto-1-methoxy-3-nitroaryl 
3 : 4-dihydrophthalazines by heat. 

EXPERIMENTAL. 


The preparation of 4’-nitro-3-phenyl-4-methylphthalaz-l-one from 1-hydroxy-3-(4’-nitro- 
phenyl)-3 : 4-dihydrophthalazine-4-acetic acid as already described (J., 1931, 1070), but on a 
larger scale, gave an improved yield (69 g. from 100 g. of the nitro-acid; 80-3%). 

3’-Nitro-3-phenyl-4-methylphthalaz-l-one (J., 1931, 1921) was prepared by a better method. 
A solution of chromium trioxide (7-5 g.) in glacial acetic acid (50 c.c.) and water (20 c.c.) was 
dropped into a solution of 1-hydroxy-3-(3’-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic acid 
(20 g.) in glacial acetic acid (150 c.c.) at 20° during 2 hours with vigorous stirring. Next day 
(vol. then 110 c.c.), the light brown precipitate of the complex salt (15 g.) was collected, washed 
with a little acetic acid, and stirred with cold aqueous ammonia, and the almost colourless product 
filtered off and washed with water (yield, 9-1 g.); the filtrate contained ammonium chromate. 
A further quantity (3-6 g.) was isolated by adding much ice-water to the acetic acid filtrate and 
almost neutralising it with aqueous ammonia below 30° (total yield, 73-99%). 3’-Nitro-3-phenyl- 
4-methylphthalaz-l-one crystallised best from dry methyl alcohol in small, pale yellow prisms, 
m. p. 260° (decomp.) (not 249° as previously given) after becoming colourless at about 70°. 

Action of Methyl Sulphate-—The 1-methoxy-3-(nitroaryl)-4-methylene-3 : 4-dihydrophthal- 
azines were prepared by the following improved procedure. 4’-Nitro-3-phenyl-4-methyl- 
phthalaz-l-one (25 g.) and methyl sulphate (20 g.) were stirred at 50° for 20 minutes. The 
viscous mixture was poured into boiling water (300 c.c.), left over-night, and filtered. The 
filtrate was almost neutralised, boiled (charcoal), and filtered, the filtrate left over-night, and 
slightly basic impurities filtered off. The filtrate, rendered alkaline with sodium carbonate, 
gave an orange-yellow gelatinous precipitate (probably the ammonium hydroxide II), which 
coagulated almost immediately to a red solid (the y-base III), and this crystallised from ethyl 
acetate in orange-red needles, m. p. 134° (yield, 20-5 g.; 78-1%). The y-base is readily soluble 
in dilute acids and its less soluble salts are precipitated from a concentrated hydrochloric acid 
solution. Such salts, except the perchlorate, are unstable and cannot be crystallised or purified. 
20% Perchloric acid (40 c.c.) was added to the aqueous solution of the methosulphate prepared 
as described above; the precipitated 1-methoxy-3-(4’-nitrophenyl)-4-methylphthalazinium 
perchlorate crystallised from 50% acetic acid containing perchloric acid in almost colourless, 
flat prisms, m. p. 199° (decomp.) after softening and reddening (yield, 28 g.; 79-6%) (Found : 
C, 48-6; H, 3-5; N, 10-7. C,.H,,0,N;,ClO, requires C, 48-55; H, 3-5; N, 10-6%). 

In the case of the 2’ : 6’-dichloro-4’-nitro-analogue, the methylation mixture was heated at 
60—70° for 3 hours. The red y-base crystallised from ethyl acetate in large, brownish-red, 
rectangular prisms, m. p. 136° (yield, 20-8 g.; 80%). 1-Methoxy-3-(2’ : 6’-dichloro-4'-nitro- 
phenyl)-4-methylphthalazinium perchlorate crystallised from 50% acetic acid containing perchloric 
acid in almost colourless, prismatic needles, m. p. 228° (yield, 25 g.; 75-4%) (Found: N, 9-0; 
Cl, 22-4. C,gH,,0,N,Cl,,ClO, requires N, 9-05; Cl, 22-9%). 

In the case of the 3’-nitro-analogue, an orange-yellow precipitate was obtained and this 
coagulated suddenly to the dark reddish-brown resinous y-base, which could not be crystallised, 
but was washed with water and dried in a desiccator (yield, 16 g.). 1-Methoxy-3-(3’-nitrophenyl)- 
4-methylphthalazinium perchlorate crystallised from 50% acetic acid in colourless plates, m. p. 
223—224° (yield, 19 g.; 54%) (Found: C, 48-5; H, 3-7; N, 10-5; Cl, 8-8. C,,H,,0,N;,ClO, 
requires C, 48-55; H, 3-5; N, 10-6; Cl, 9-0%). 

1-Methoxy-3-(4’- and 3’-nitrophenyl)phthalazinium Perchlorates.—4’- or 3’-Nitro-3-phenyl- 
phthalaz-l-one (3 g.) and methyl sulphate (5 g.) were kept at 90° for 1 hour (cf. J., 1928, 2554, 
2562). The viscous brown solution was poured into boiling water (50 c.c.), boiled for 5 minutes, 
water (150 c.c.) added, and the whole left over-night. After filtration, the filtrate was treated 
with 20% perchloric acid (20 c.c.). 1-Methoxy-3-(4’-nitrophenyl)phthalazinium perchlorate 
crystallised from aqueous acetic acid containing perchloric acid in almost colourless, long needles, 
which changed to prisms, m. p. 249° (yield, 3-9 g.; 96-1%) (Found: C, 47-4; H, 3-35; N, 11-0. 
C,,H,,0,N;,ClO, requires C, 47-2; H, 3-15; N, 11-0%), and the 3’-nitvo-isomeride in colourless, 
long, prismatic needles, m. p. 215° (yield, 4 g.; 98-5%) (Found: C, 47-1; H, 3-2; N, 11-1%). 

Action of Nitrous Acid or p-Nitrosodimethylaniline on 1-Methoxy-3-(4'-nitrophenyl)-4-methyl- 
ene-3 ; 4-dihydrophthalazine.—(a) A solution of sodium nitrite (1 g.) in water (2 c.c.) was dropped 
into a solution of the methylene base (3 g.) in glacial acetic acid (20 c.c.) at 0° during 1 hour. 
A white precipitate separated progressively and hydrogen cyanide was evolved. After keeping 
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for a further hour at 0°, the mixture was left over-night at room temperature, and the 
precipitate then collected. The product was 4-keto-l-methoxy-3-(4’-nitrophenyl)-3 : 4- 
dihydrophthalazine, m. p. and mixed m. p. 199° (yield, 2-5 g.; 82-8%), confirmed by conversion 
into 1 : 4-diketo-3-(4’-nitropheny]l)tetrahydrophthalazine, m. p. and mixed m. p. 307° (cf. J., 
1928, 2554; 1935, 1811). Addition of 20% perchloric acid (20 c.c.) 10 minutes after all the 
sodium nitrite solution had been added, however, precipitated 1-methoxy-3-(4’-nitropheny])-4- 
methylphthalazinium perchlorate (3-5 g.), indicating that the reaction is slow. (b) A solution 
of p-nitrosodimethylaniline (2 g.) in alcohol (75 c.c.) was added to a solution of the methylene 
base (4 g.) in hot alcohol (100 c.c.), and the mixture refluxed for 1 hour. After a few minutes, 
4-keto-1-methoxy-3-(4’-nitrophenyl)-3 : 4-dihydrophthalazine separated progressively (yield, 
2-5 g.; 62%). 

Action of Benzyl Iodide on 1-Methoxy-3-(4’- and 3’-nitrophenyl)-4-methylene-3 : 4-dihydro- 
phthalazine.—A solution of benzyl iodide (9 g.; 1-35 mols.) in alcohol (15 c.c.) was added to a 
solution of the methylene base (9 g.) in boiling alcohol (75 c.c.). The red mixture was refluxed 
(3 hours for the 4’- and 1 hour for the 3’-nitro-compound), and the resulting greenish-yellow 
solution filtered hot. 1-Methoxy-3-(4’-nitrophenyl)-4-(8-phenylethyl)phthalazinium iodide 
crystallised from ethyl alcohol in long yellow needles, m. p. 185° after softening at 175° (yield, 
4-5 g.; 28-8%) (Found: C, 54-0; H, 4:0; N, 7-8; I, 24-95. C,,H,.O,N,I requires C, 53-85; 
H, 3-9; N, 8-2; I, 247%); the 3’-nttvo-isomeride crystallised from methyl alcohol-ethyl 
alcohol (1: 4) in yellow prismatic needles, m. p. 174° after softening at 170° (yield, 13-6 g.; 
87%) (Found: C, 53-7; H, 4:1; N, 8-0; I, 24:3%), readily soluble in methyl alcohol but only 
sparingly soluble in ethyl alcohol. 

(1: 3 : 3-Tvimethyl-2-indolenino)(1’-methoxy-3’-p-nitrophenyl-3’ : 4’-dihydro-4’-phthalazino)- 
cyanine Perchlorate (IV).—1-Methoxy-3-(4’-nitropheny]l)-4-methylene-3 : 4-dihydrophthalazine 
(3 g.) was added to a solution of 2-oximinomethyl-3 : 3-dimethylindolenine methoperchlorate 
(3 g.) (Kuhn, Winterstein, and Balser, Ber., 1930, 63, 3182; the use of sodium nitrite in 200 c.c. 
of water as given by these authors for the preparation of this compound gave much tarry 
material, whereas the use of 20 c.c. of water gave the yield of 96% claimed) in acetic anhydride 
(15 c.c.). The temperature rose immediately, the colour of the solution became deep red, and 
hydrogen cyanide was evolved. After heating for 1 hour on a boiling water-bath, and addition 
of alcohol (15 c.c.), the solution was boiled and then cooled in a freezing mixture until the oil 
which separated had solidified. The cyanine perchlorate was washed with alcohol and ether and 
formed pale red plates, m. p. 182° with local melting at 178° (yield, 2-7 g.; 48%) (Found: N, 
11-3. C,,H,,0,N,,ClO, requires N, 10-15%), which could not be recrystallised or purified 
further owing to the ease of hydrolysis. 

1-Methoxy-3-(4'-nitro-, 2’ : 6’-dichloro-4’-nitro-, and 3’-nitro-phenyl)-4-p-dimethylaminostyryl- 
phthalazinium Perchlorate (V).—p-Dimethylaminobenzaldehyde (2 g.) was added to a solution 
of the 1-methoxy-3-(nifroaryl)-4-methylphthalazinium perchlorate (3 g.) in glacial acetic acid 
(10 c.c.) and acetic anhydride (20 c.c.); the mixture was heated at 100° under reflux for 5 hours 
and left to crystallise. 

1-Methoxy-3-(4’-nitrophenyl)-4-p-dimethylaminostyrylphthalazinium perchlorate dissolved in 
acetic anhydride with a deep purple colour and crystallised in fine, lustrous, dark green needles, 
m. p. 238° (yield, 3-5 g.; 87-6%) (Found: C, 57-1; H, 4-3; N, 10-5; Cl, 6-4. C,,;H,,0,N,,ClO, 
requires C, 57-0; H, 4-4; N, 10-6; Cl, 6:7%); the 2’ : 6’-dichloro-4’-nitro-analogue separated 
from the reaction mixture in lustrous, dark green, prismatic needles, m. p. 254° (decomp.), 
which dissolved in acetic anhydride with a deep blue colour and crystallised in small, dark green 
prisms with a golden reflex, m. p. 254° (decomp.) (yield, 3 g.; 78%) (Found: C, 50-3; H, 3-6; 
N, 9-5; Cl, 17-5. C,,;H,,0O,N,Cl,,ClO, requires C, 50-4; H, 3-5; N, 9-4; Cl, 17-9%), but other- 
wise both modifications possess identical properties; and the 3’-mitvo-analogue dissolved in 
acetic anhydride’ with a deep purple colour, redder than that of the 4’-nitro-isomeride, and 
separated as a black amorphous powder, m. ,p.'198° (yield, 3-7 g.; 92-6%) (Found: C, 56-6; 
H, 4:3; N, 10-4%). 

Bis-(1-methoxy-3-p- and -m-nitrophenyl-3 : 4-dihydro-4-phthalazino)carbocyanine Perchlorates 
(VI).—(a) Ethyl orthoformate (0-4 g.) was added to a solution of 1-methoxy-3-(4’-nitropheny]l)- 
4-methylphthalazinium perchlorate (1 g.) and the corresponding methylene base (0-75 g.) in 
acetic anhydride (6 c.c.). The solution was kept just below its b. p. for $ hour, during which the 
colour changed through deep brown to deep bluish-green and crystals of the product separated 
(yield, 0-85 g.; 48%). (b) Diphenylformamidine (1-8 g.) was added to a solution of the methyl- 
phthalazinium perchlorate (3-7 g.) and the methylene base (2-8 g.) in acetic anhydride (15 c.c.), 
and the solution boiled intermittently for 5 minutes (yield, 5-3 g.; 80-8%). 











—_—- FF ee eS eS POS le 


See FF 











derived from ®-Naphthol-\-sulphonic Acid. Part XVI. 1711 


Bis-(1-methoxy-3-p-nitrophenyl-3 : 4-dihydro-4-phthalazino)carbocyanine perchlorate crystallised 
from acetic anhydride in small dark prisms with a copper lustre, m. p. 258—260° (decomp.) 
(Found : C, 56-1; H, 3-7; N, 11-1; Cl, 4:9. C,,;H,,0,N,,ClO, requires C, 56-5; H, 3-6; N, 12-0; 
Cl, 5-1%), insoluble in boiling water, very sparingly soluble in boiling acetic anhydride, and 
soluble in cold concentrated sulphuric acid, the colourless solution changing to bluish-green on 
dilution. It was converted by boiling dilute nitric acid into 4-keto-1-methoxy-3-(4’-nitrophenyl)- 
3 : 4-dihydrophthalazine. 

The m-nitro-isomeride, prepared by method (b), on addition of methyl alcohol at intervals 
to the reaction mixture, was isolated as a tar which ultimately solidified and crystallised from 
methyl alcohol in minute dark prisms with a bronze lustre, m. p. 244° (decomp.) (yield, 4-5 g. ; 
70-2%) (Found: C, 56-7; H, 3-85; N, 12-1; Cl, 5-3%), much more soluble than the p-nitro- 
isomeride and giving solutions of a bluer shade of green. 

1 : 3: 3-Trimethyl-2-8-acetanilidovinylindoleninium Perchlorate (cf. Imperial Chemical In- 
dustries Ltd., Piggott, and Rodd, B.P. 344,409).—Diphenylformamidine (7 g.) was added to a 
solution of 1 : 2 : 3: 3-tetramethylindoleninium perchlorate (10 g.) in boiling acetic anhydride 
(34 c.c.), the mixture refluxed for 20 minutes, then cooled, and the crystals collected. 1:3: 3- 
Trimethyl-2-8-acetanilidovinylindoleninium perchlorate crystallised from acetic anhydride in 
yellow needles, m. p. 245° (yield, 11 g.; 71-9%) (Found: C, 59-6; H, 5-8; N, 6-6; Cl, 8-5. 
C,,H,,ON,,ClO, requires C, 60-2; H, 5-5; N, 6-7; Cl, 85%). The acetyl group is hydrolysed 
by boiling a glacial acetic acid solution with concentrated hydrochloric acid. 

1: 3: 3-Tvimethyl-2-8-anilinovinylindoleninium Perchlorate —An intimate mixture of di- 
phenylformamidine (2 g.) and 1 : 2 : 3 : 3-tetramethylindoleninium perchlorate (3 g.) was heated 
at 150° for 5 minutes and then allowed to cool to 80° during 5 minutes. The resinous product 
was rendered crystalline and most of the red colour removed by boiling with alcohol (20 c.c.). 
1 : 3: 3-Tvimethyl-2-8-anilinovinylindoleninium perchlorate crystallised from methyl alcohol in 
long, orange-yellow, prismatic needles with a purple reflex, m. p. 253° (yield, 2-4 g.; 58-1%) 
(Found: C, 60-0; H, 5-6; N, 7-6. Cy H,,N,,ClO, requires C, 60-5; H, 5-6; N, 74%), 
converted by acetic anhydride into the preceding acetyl derivative. 

(1 : 3 : 3-Tvimethyl-2-indolenino)(1’-methoxy-3’-[4’’-nitro- and 2” : 6’'-dichloro-4’'-ntiro- 
phenyl)-3’ : 4’-dihydro-4’-phthalazino)carbocyanine Perchlorate (VII).—1-Methoxy-3-(4’-nitro- 
phenyl)-4-methylene-3 : 4-dihydrophthalazine (1-5 g.) was added to a solution of 1:3: 3- 
trimethyl-2-8-acetanilidovinylindoleninium perchlorate (2 g.) in boiling acetic anhydride (25 c.c.), 
the mixture boiled for 6 minutes, and the deep blue solution left to crystallise. The carbo- 
cyanine perchlorate crystallised from acetic anhydride in aggregated green prisms with a golden 
lustre, m. p. 265° (decomp:) (yield, 2-5 g.; 85%) (Found: C, 59-8; H, 4:9; N, 9-5; Cl, 6-1. 
C.,H,,0;N,,ClO, requires C, 60-15; H, 4-7; N, 9-7; Cl, 61%). 

The 2” : 6’-dichloro-4’’-nitro-analogue, prepared similarly, except that ether was added 
to the deep bluish-violet reaction mixture to induce crystallisation, separated from acetic 
anhydride in aggregated small green prisms with a golden lustre, m. p. 246° with preliminary 
softening (yield, 72%) (Found: N, 8-85; Cl, 16-0. C,,H,,;O,N,Cl,,ClO, requires N, 8-65; 
Cl, 16-45%). 

(5- Chlovo-2-ethyl-1-benzthiazolo)(1’-methoxy-3’-[2” : 6’’-dichloro-4’’-nitrophenyl]-3’ : 4’-dt- 
hydro-4’-phthalazino)carbocyanine Iodide (V111).—Finely powdered 5-chloro-2-8-acetanilidovinyl- 
benzthiazole ethiodide (0-4 g.), m. p. 249° (decomp.), prepared from 5-chloro-1-methylbenz- 
thiazole ethiodide (cf. Kénig, Ber., 1928, 61, 2069; Beilenson and Hamer, this vol., p. 1228) 
and diphenylformamidine, was extracted (Soxhlet) during 15 minutes with boiling acetic 
anhydride (10 c.c.), in which 1-methoxy-3-(2’ : 6’-dichloro-4’-nitrophenyl)-4-methylene-3 : 4- 
dihydrophthalazine (0-4 g.) was dissolved, and the solution left to crystallise. The carbo- 
cyanine iodide (VIII) crystallised from acetic anhydride in dark brown plates with a dull green 
lustre, m. p. 254° (yield, 0-45 g.; 57-4%) (Found: C, 45-5; H, 3-1; 4-531 mg. gave 4-160 mg. 
AgCl + AgI. C,,;H,»O,N,SCl,,I requires C, 45-4; H, 28%; AgCl+ AglI, 4-226 mg.), 
moderately easily soluble in methyl alcohol with a bluish-violet colour. 

1-Methoxy-3-p-nitrophenyl-4-(5’-keto-1’- phenyl-3’-methylpyrazolinylidene-ethylidene)-3 : 4-di- 
hydrophthalazine (IX).—A _ solution of 1-methoxy-3-(4’-nitrophenyl)-4-methylene-3 : 4-di- 
hydrophthalazine (3 g.) and 1-phenyl-3-methyl-4-anilinomethylene-5-pyrazolone (3 g.) (cf. 
Dains and Brown, J. Amer. Chem. Soc., 1909, 31, 1154) in acetic anhydride (10 c.c.) and glacial 
acetic acid (16 c.c.) was heated at 100° for 6 hours, and the crystalline product (IX) collected 
next day. It crystallised from acetic anhydride in small black prisms with a green lustre, 
m. p. 258° (yield, 2 g.; 41%) (Found: C, 67-7; H, 4-5; N, 14-5. C,,H,,0O,N, requires C, 67-6; 
H, 4-4; N, 14-6%), sparingly soluble in most organic solvents with a bluish-violet colour, and 
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soluble in concentrated sulphuric acid with a greenish-yellow colour, changing to yellow on 
dilution. The perchlorate crystallised from 50% acetic acid in small yellow. prisms of indefinite 
m. p. 

Azo-derivatives of 1-Methoxy-3-(4'-nitro-, 2’ : 6’-dichloro-4’-nitro-, and 3’-nitro-phenyl)-4- 
methylene-3 : 4-dihydrophthalazine (X).—1-Methoxy-3-(4'-nitrophenyl)-4-(benzeneazomethyl)phthal- 
azinium perchlorate. Aniline (1 g.) in glacial acetic acid (15 c.c.) and concentrated hydrochloric 
acid (5 c.c.) was diazotised at 0° (sodium nitrite 0-8 g., water 2 c.c.) and after 15 minutes the 
excess of nitrous acid was destroyed and mineral acid replaced by the addition of urea and 
sodium acetate respectively. The filtered diazo-solution was added to a solution of the methylene 
base (3 g.) in acetic acid (10 c.c.) and kept at 0° for 1 hour and then at room temperature for 
lhour. 20% Perchloric acid (75 c.c.) was finally added to the deep red solution with vigorous 
stirring, and the precipitated perchlorate collected. 1-Methoxy-3-(4’-nitrophenyl)-4-(benzene- 
azomethyl)phthalazinium perchlorate crystallised from methyl alcohol—acetic acid (1 : 3) in long, 
reddish-brown, prismatic needles, m. p. 224° (yield, 5 g.; 98-4%) (Found: C, 53-0; H, 3-8; 
N, 13-4; Cl, 6-85. C,,H,,0,N,,ClO, requires C, 52-85; H, 3-6; N, 14-0; Cl, 7-1%), soluble in 
cold concentrated sulphuric acid with an intense bluish-violet colour, changing to orange- 
brown on dilution. 

The 3’-nitro-isomeride was a red amorphous powder of indefinite m. p., soluble in con- 
centrated sulphuric acid with an intense pure blue colour, changing to orange on dilution. 

1-Methoxy-3-(4'-nitrophenyl)-4-(4’’-nitrobenzeneazomethyl)phthalazinium perchlorate, prepared 
similarly from diazotised p-nitroaniline, crystallised from 70% acetic acid in red prisms with a 
bluish lustre, m. p. 268° (yield, 5-5 g.; 99-3%) (Found: C, 48-6; H, 3-2; N, 14-8; Cl, 6-3. 
C,.H,,0,N,,ClO, requires C, 48-5; H, 3-1; N, 15-4; Cl, 6-56%), soluble in concentrated sulphuric 
acid with an orange-red colour, changing to orange-yellow on dilution. A violet precipitate was 
obtained when an acid solution was rendered alkaline, and the following two azo-compounds 
behaved similarly. 

The 3’-nitro-isomeride, after repeated treatment with acetone, formed a red semi-crystalline 
powder, m. p. 235° (yield, 4-4 g.; 79-5%) (Found: C, 47-9; H, 3-4%), soluble in concentrated 
sulphuric acid with an orange-red colour, changing to orange on dilution. 

1-Methoxy-3-(2’ : 6’-dichloro-4’-nitrophenyl)-4-(4’’-nitrobenzeneazomethyl)phthalazinium  per- 
chlorate. When the above conditions of diazotisation and coupling were used, the product 
separated directly from the mixture and was probably the chloride of the azo-dye base, which 
is readily hydrolysed. Consequently, hydrochloric acid was omitted. A solution of p-nitro- 
aniline (1-1 g.) in warm acetic acid (10 c.c.) was poured on ice (10 g.) and acetic acid (5 c.c.) ; 
diazotisation, coupling, and isolation of the perchlorate were then carried out under similar 
conditions to those described above. The phthalazinium perchlorate crystallised from 70% 
acetic acid containing perchloric acid in lustrous orange-yellow prisms, m. p. 254° (yield, 4-5 g. ; 
89%) (Found: C, 42-9; H, 2-85; N, 13-8. C,,H,,0,;N,Cl,,ClO, requires C, 43-0; H, 2-4; 
N, 13-7%), soluble in concentrated sulphuric acid with an orange-red colour, changing to orange 
on dilution. 

Action of 2 : 4-Dinitrochlorobenzene on 1-Methoxy-3-(4’- and 3’-nitrophenyl)-4-methylene-3 : 4- 
dihydrophthalazine, etc.—l1-Methoxy-3-(4'-nitrophenyl)-4-(2” : 4’'-dinitrobenzylidene)-3 : 4-di- 
hydrophthalazine (XI). 2: 4-Dinitrochlorobenzene (2 g.) was added to a boiling solution of the 
methylene base (2 g.) in alcohol (100 c.c.), followed by potassium acetate (3 g.), and the mixture 
refluxed ($ hour for the 4’- and 4 hours for the 3’-nitro-compound). A deep red colour developed 
rapidly and the product separated progressively. 1-Methoxy-3-(4'-nitrophenyl)-4-(2” : 4’’- 
dinitrobenzylidene)-3 : 4-dihydrophthalazine crystallised from acetic anhydride in minute black 
prisms with a bronze reflex, m. p. 255° (yield, 2-9 g.; 92-8%) (Found: C, 57-2; H, 3-4; N, 15-2. 
C,,H,,0,N, requires C, 57-3; H, 3-25; N, 15-2%), sparingly soluble in alcohol and benzene with 
a reddish-brown colour, and soluble in concentrated mineral acids with a pale yellow colour, 
unchanged on dilution, but a reddish-brown flocculent precipitate separated when the acid 

solution was rendered alkaline. ; 

The 3’-nitvo-isomeride, soluble in organic solvents with a cherry-red colour, crystallised from 
alcohol in minute black prisms with a bronze reflex, m. p. 210° (yield, 2-4 g.; 76-8%) (Found : 
C, 57-2; H, 3-4; N, 155%), which reddened rapidly on exposure to light owing to surface 
decomposition. 

2-(2’ : 4’-Dinitrobenzylidene)-1 : 3 : 3-trimethylindoline, prepared from 1 : 3: 3-trimethyl-2- 
methyleneindoline (5 g.) under similar conditions, but refluxed for 6 hours, after which unaltered 
base was still present, crystallised from alcohol in black prisms with a green lustre, or large 
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rhombs, m. p. 137° (yield, 4 g.; 40°8%) (Found: C, 63-9; H, 5-1; N, 12:3. C,H,,O,N; 
requires C, 63-7; H, 5-0; N, 12-4%). 

2-(2’ : 4’-Dinitrobenzylidene)-1-ethyl-1 : 2-dihydroquinoline, prepared from quinaldine eth- 
iodide (2 g.) under similar conditions, but refluxed for 3 hours, after purification with benzene, 
crystallised from alcohol in fine black needles with a green lustre, m. p. 180° (yield, 0-5 g.; 
22-2%) (Found: C, 64-4; H, 4-6; N, 13-0. C,,H,,0,N, requires C, 64-1; H, 4-45; N, 12-5%), 
sparingly soluble in alcohol with a violet colour. 

1-Phenyl-4-(2’ : 4’-dinitrophenyl)-3-methyl-5-pyrazolone, prepared from 1-phenyl-3-methyl- 
5-pyrazolone (3 g.) under similar conditions, but refluxed for 2 hours, was precipitated with water ; 
the crude product (6-1 g.), after repeated crystallisation from methyl alcohol, formed small, 
golden-yellow, hexagonal plates, m. p. 215° (Found: C, 56-2; H, 3-9; N, 16-3. C,,.H,,O,N, 
requires C, 56-45; H, 3-5; N, 165%), soluble in dilute sodium hydroxide solution with an 
orange-brown colour and reprecipitated by acids. 


We are indebted to Dr. J. S. H. Davies, whose experiments showed that trimethin deriv- 
atives could be made from 1-methoxy-3-(4’-nitrophenyl)-4-methylphthalazinium perchlorate ; 
to Dr. A. T. Peters for assistance in preparing some of the compounds described ; and to Imperial 
Chemical Industries Ltd. (Dyestuffs Group), for gifts of chemicals. 


CLOTHWORKERS’ RESEARCH LABORATORY, LEEDS UNIVERSITY. [Received, September 10th, 1936.] 





NOTES. 


Some Dissociation Constants. By ALEXANDER G. OGSTON. 


CERTAIN dissociation constants, most of which have not hitherto been determined, are now 
reported. They were measured by a potentiometric technique—those of the phenols by the 
methods described by Ogston and Brown (Trans. Faraday Soc., 1935, 31, 166) and Ogston 
(J., 1935, 1376), and the others by the micro-method of Ogston and Peters (Biochem. J., 1936, 
30, 736), a fuller description of which will be published elsewhere. In accordance with the 
estimated accuracy of these methods, the values of px are recorded to the nearest 0-1 unit. 


Phenols (at 17—18°). 





Px- 
‘In H,O. In MeOH. Apsg. px, in MeOH. 
Trichlorophenol ............ 5-5 9-7 4-2 Pentachlorophenol ...... 8-2 
Tribromophenol ............ 5-9 11-0 5-1 Pentabromophenol ...... 8-0 


The values of Ap, suggest that, if tautomerism is impossible, phenols show a change between 
water and methyl alcohol of the same order as that shown by carboxylic acids. Tiessens 
(Rec. trav. chim., 1929, 48, 1066) obtained conductimetrically a pg of 6-4 for trichlorophenol 
in water, but this method is very much more sensitive to the presence of impurities than is the 
potentiometric method. The solubility of tribromophenol in water was found to be 2:3 x 10 
mol. /l. 

Purines (in water at 25°). These substances were supplied by Dr. J. M. Gulland. 


Px: Px: 
ry) ese cows Veavascesescusecessesessotseoosss 8-7 Inosine (hypoxanthine riboside) ...... 8-7 
7-Methylhypoxanthine ............-..ss000 8-8 PMI onc vsccpessechepccsomesansnsiesepese 4:1 
9-Methylhypoxanthine ...............s2000+ 8-9 Adenosine (adenine riboside) ............ 3°6 


a-Bromopropionyltyrosine (in water at 25°). This was prepared by Mr. E. R. Holiday. 
Px, (carboxyl group), 3-6; px, (phenolic group), 10-3. The value of p,, is a little uncertain. 
Tyramine (in water at 25°). x, (amino-group), 9-3; pz, (phenolic group), 10-9. 


Thanks are due to Mr. R. P. Bell, Dr. J. M. Gulland, and Mr. E. R. Holiday.—Tur REsEaRcH 
LABORATORIES, THE LONDON HospiTaL. ([Received, September 5th, 1936.) 
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Synthesis of 4' : 5-Dihydroxyflavone. By I. Z. Syep and T. S. WHEELER. 


AN intimate mixture of 2 : 6-dihydroxyacetophenone (2 g.) (Limaye, Ber., 1934, 67, 12; Baker, 
J., 1934, 1954), p-anisic anhydride (20 g.), and sodium p-anisate (5 g.) was heated for 5 hours 
(oil-bath) at 180—190°, and alcohol (90 c.c.) added. The mixture was boiled under reflux for 2 
hours, and again for 30 minutes after addition of a solution of potassium hydroxide (15 g.) in 
water (20 c.c.). Evaporation under reduced pressure left a brownish viscous residue, which was 
treated with water; the resulting yellow amorphous solid (1-5 g.) was boiled with excess of acetic 
anhydride and a few drops of pyridine for 14 hours and poured on ice. The precipitated 5- 
acetoxy-4'-methoxyflavone separated from alcohol (charcoal) in white needles, m. p. 171—172° 
(Found : C, 69-6; H, 4-7. C,,H,,O, requires C, 69-7; H, 4-5%). 

A solution of the acetyl derivative (0-5 g.) in glacial acetic acid (16 c.c.) and concentrated 
hydrochloric acid (25 c.c.) was heated at 100° for 45 minutes and diluted with water. The 
resulting precipitate of 5-hydroxy-4'-methoxyflavone separated from alcohol (charcoal) in pale 
yellow needles, m. p. 155—156°, which gave an orange-yellow coloration with magnesium and 
hydrochloric acid and a dark red-brown coloration with alcoholic ferric chloride (Found : C, 71-6; 
H, 4-5. C,gH,,0, requires C, 71-6; H, 4-5%). 

5-Hydroxy-4’-methoxyflavone (0-5 g.), acetic anhydride (5 c.c.), and hydriodic acid (redis- 
tilled; d, 1-5; 3.c.) were heated together under reflux for 45 minutes and poured into sodium 
hydrogen sulphite solution at 0°. The dried precipitate was boiled with excess of acetic anhydr- 
ide and a few drops of pyridine for 2 hours and poured on ice. The resulting precipitate of 
4’ : 5-diacetoxyflavone separated from alcohol (charcoal) in white needles, m. p. 179—180° 
(Found : C, 67:1; H, 4-1. C,9H,,O, requires C, 67-4; H, 41%). 

The diacetyl derivative was hydrolysed in the same manner as 5-acetoxy-4'-methoxyflavone. 
4’ : 5-Dihydroxyflavone crystallised from alcohol in yellow needles, m. p. 237—-240°, which gave 
an orange-yellow coloration with magnesium and hydrochloric acid and a dark red-brown 
coloration with alcoholic ferric chloride (Found: C, 70-4; H, 4-2. C,,H,,O, requires C, 70-9; 
H, 3-9%). 

3-Anisoylation in the fusion is precluded by the analytical results. 

All the analyses are micro-analyses by Dr. Schoeller.—Royat INsTITUTE OF SCIENCE, 
Bomsay. ([Received, July 10th, 1936.] 





















381. Anthraquinone Colouring Matters: Galiosin ; 


Rubiadin Primveroside. 


By RoBErT HILL and DEREK RICHTER. 










SEVERAL species of the tribe Galiee of the Rubiacee contain coloured anthraquinone deriv- 
atives, which are present as glycosides in the roots. The dyers’ madder plant, Rubia 
tinctorwm, contains ruberythric acid, a glycoside of alizarin, and rubiadin-3-glycoside, 
which was first isolated by Schunck and Marschlewski (J., 1893, 68, 969, 1137). It has 
recently been shown that galiosin, a glycoside of purpurincarboxylic acid, also is present 
in fresh madder root in relatively large amounts, and a new glycoside of rubiadin has been 
isolated from two closely related species (Hill and Richter, Proc. Roy. Soc., 1936, B, in the 
press). Jones and Robertson (J., 1930, 1699) have established the constitution of the 
rubiadin-3-glucoside of Schunck and Marschlewski. The constitutions of the other three 
glycosides have not hitherto been determined. 

It has now been found that galiosin is a primveroside of purpurin-3-carboxylic acid 
(III). The constitution of the sugar has been shown by hydrolysing it to glucose and a 
pentose, identified as d(+)-xylose by oxidation to d(+-)-xylonic acid and preparation of 
the cadmium bromoxylonate. 

The constitution of the aglycone was shown by synthesis : purpurin (I) was condensed 
with formaldehyde to give 3-hydroxymethylpurpurin (II), which was oxidised by nitroso- 
sulphuric acid in the presence of boric acid to purpurin-3-carboxylic acid (III). 

Galiosin differed from the other known hydroxyanthraquinone glycosides in being 
extremely unstable : it was hydrolysed by dilute acids and alkalis in the cold, or on boiling 
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for a few hours with water. The hydrolysis was accompanied by a colour change, since 
the glycoside is yellow and the aglycone is bright red. 


OH a nae 
H,-OH ~~ J ie H 
(II.) wih 


Galiosin also possessed the unusual property of being hydrolysed in cold dilute aqueous 
solution by treatment with colloidal palladium and hydrogen. The aglycone was simul- 
taneously reduced to munjistin (IV). An indication of the probable mechanism of this 


CO CO, OH 
sinha 7 H O-C.H,,0,-0-C.H,0, (Y? 
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reaction is given by the work of Zahn and Ochwat (Amnalen, 1928, 462, 72), who showed 
that leucoquinizarin has the constitution (VIII), being formed by a rapid rearrangement 
of the isomeric primary reduction product (VII). A similar rearrangement in the case 
of galiosin would involve the elimination of a sugar residue on the l-hydroxyl group. From 
this reaction and from the colour reactions of galiosin it is concluded that the sugar residue 
is in the 1-position (VI). 
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(VIII.) 


The new glycoside of rubiadin was also found to be a primveroside (V). It was readily 
converted into the rubiadin-3-glucoside of Schunck and Marschlewski by boiling with 
dilute acid, which removed the terminal pentose residue. 

In both galiosin and rubiadin primveroside the sugar residues are attached to the 
aglycones by linkages of the normal 6-glucosidic type, since they were hydrolysed by the 
enzymes of Primula officinalis and P. vulgaris, which have been shown to belong to 
the hetero-8-glucosidase group of enzymes (Oppenheimer, ‘‘ Die Fermente und ihre 
Wirkungen,” 1935, VIII, 282, 288, 291, gives a summary of the literature). 


EXPERIMENTAL. 


Properties of Galiosin.—Galiosin (0-7 g.) was isolated from fresh madder root (1245 g.) by 
the butyl alcohol extraction method (Hill and Richter, /oc. cit.). It was easily decomposed by 
heating with solvents, but could be crystallised from water at 50° by cooling the bright yellow 
solution in the ice-chest, separating in yellowneedles which decomposed above 100°. It was much 
more soluble in water than most of the known hydroxyanthraquinone glycosides: 0-1497 c.c. 
dissolved 1-93 mg. at 17-3°, which gives a solubility of 1-29%. It was easily salted out from 
aqueous solution by sodium chloride. 
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The partition coefficient between water and butyl alcohol was measured by shaking 0-5 mg. 
with water and butyl alcohol, removing samples with a micropipette, and estimating the aglycone 
colorimetrically in toluene solution after hydrolysis with dilute hydrochloric acid. A solution 
containing 1-0% of galiosin in the aqueous layer contained 0-034% in the butyl alcohol layer, 
indicating a partition coefficient of 0-034 at 17-6°. 

Galiosin behaved as an acid in that it decomposed sodium bicarbonate and lithium carbonate. 
It dissolved in dilute alkalis to give deep orange-coloured solutions. On drying in a vacuum 
or at 50° in the air, crystalline galiosin formed an amorphous red product, which gave crystalline 
galiosin again on addition of water [Found (micro): C,.44-7; H, 6-3; loss on drying at room 
temperature in a vacuum desiccator, 17-5. Calc. for C,,H,,0,,,6H,O: C, 44-4; H, 5-5; H,O, 
18-2%]. 

Hydrolysis. Galiosin was completely hydrolysed by N/5-hydrochloric acid at 50° in 10 
minutes, or by 5% sodium carbonate solution at 19° in 4-5 hours. It was partly hydrolysed by 
boiling for 4 hours in water. 

The Aglycone of Galiosin.—Galiosin (20 mg.) was warmed with N/10-hydrochloric acid 
(5 c.c.) at 40°. The aglycone, which separated in bright red needles, was recrystallised from 
chloroform, separating in red plates with a green metallic lustre: yield 8 mg., m. p. 218—220° 
(decomp.) (all m. p.’s given are uncorr.). It was insoluble in alcohol, slightly soluble in 
hot water, and dissolved in toluene to give a red solution having a characteristic absorption 
spectrum; the bands were visible at a dilution of 1/200 mg. per c.c. in a layer 1-5 cm. thick. 
The aglycone was identified as purpurin-3-carboxylic acid by mixed m. p. with the synthetic 
product and by comparison of their absorption spectra and solubilities in solvents. Both 
substances showed absorption bands at 5650, 5320, and 4950 A. in toluene, at 5500 and 5100 A. 
in 8% sodium hydroxide solution, and at 5600, 5200, and 4850 A. in sulphuric acid containing 
5% of boric acid. Both substances also reacted with 5% aqueous ammonia at 50° to give a 
violet-coloured product which showed a well-defined absorption band at 5600 A. in toluene 
solution [Found (micro): C, 60-4; H, 2-8. Calc. for C,;H,O,: C, 60-0; H, 2-7%]. 

Purpurin-3-carboxylic acid was also isolated from the wild madder plant, Rubia peregrina, 
and from Galium verum and G. Mollugo. It could be obtained from commercial madder (100 g.) 
by shaking an acidified aqueous suspension of the dried root with toluene and extracting the 
toluene solution with aqueous sodium bicarbonate, which gave the sodium salt. The purpurin- 
3-carboxylic acid (0-5 g.) was then precipitated by acid. 

Commercial madder also contained purpurin, though no appreciable amount was present 
in the fresh root. Purpurin-3-carboxylic acid (in the amorphous form), when kept in dilute 
acid or heated with a solvent, was easily decarboxylated to give purpurin. Similarly, galiosin 
gave purpurin by hydrolysis and decarboxylation. This observation would appear to explain 
the presence of purpurin in commercial madder and the failure of other investigators to find 
a glycoside of purpurin in fresh madder root. 

Synthesis of Purpurin-3-carboxylic Acid.—The presence of a carboxylic acid of purpurin 
in madder was shown by Liebermann and Plath (Ber., 1877, 10, 1618). Perkin and Cope 
synthesised purpurin-6 (or 7)-carboxylic acid; but this was not identical with the natural 
product from madder. It is stated in D.R.-P. 260,765 that purpurin-3-carboxylic acid has 
similar properties to the natural product; but the actual identity of the two compounds appeared 
to require confirmation. The method of preparing purpurin-3-carboxylic acid given in D.R.-PP. 
260,765 and 272,301 involves the use of materials that are not easily accessible. Mitter and 
Biswas (J. Indian Chem. Soc., 1927, 4, 535) have given a further synthesis of purpurin- 
3-carboxylic acid, but were unable to obtain a pure product. 

3-Hydroxymethylpurpurin. Formaldehyde (10 c.c., 35%) was added to a solution of 
purpurin (2-5 g.) in sulphuric acid (100 c.c.). The mixture was kept at 20° until on spectro- 
scopic examination the bands of purpurin were seen to have disappeared and a strongly marked 
band at 5250 A. had developed. It was then poured into water (500 c.c.) and the product 
filtered off, washed, and crystallised from pyridine, with which it formed a complex, This 
was decomposed with dilute hydrochloric acid, and the resulting 3-hydroxymethylpurpurin 
recrystallised from alcohol and then from chloroform, from which it separated in fine orange- 
red needles (1-5 g.), m. p. above 300°, slightly soluble in hot water, easily soluble in alcohol, 
chloroform, and pyridine. With sodium hydroxide it gave an insoluble violet sodium salt. 
In sulphuric acid it showed absorption bands at 5250 and 4900 A. (Found: C, 62-7; H, 3-3. 
C,5H,,O, requires C, 62-9; H, 3-5%). 

Purpurin-3-carboxylic acid. A mixture containing hydroxymethylpurpurin (0-35 g.), boric 
acid (2 g.), and sodium nitrite (1 g.) in sulphuric acid (50 c.c.) was heated at 145° until a sample 
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showed the absorption bands at 5600, 5200, and 4850 A. of purpurin-3-carboxylic acid. The 
mixture was cooled and poured on ice, and the precipitate washed with water and crystallised 
from chloroform. Yield 0-22 g., m. p. 218—220° (decomp.) (Found: C, 60-0; H, 2-7. Calc. 
for C,;H,O, : C, 60-0; H, 2-7%). 

Sugar Residue of Galiosin.—Disaccharide. On quantitative hydrolysis, 1-849 mg. of galiosin 
gave 0-876 mg., or 47%, ofaglycone. This corresponds to two monose residues for each molecule 
of purpurin-3-carboxylic acid (a dihexoside would contain 48% of aglycone). 

By hydrolysis under very mild conditions with dilute acid it was found possible to hydrolyse 
the sugar—aglycone linkage and obtain a disaccharide. Galiosin (50-8 mg.) was warmed at 
50° with N/10-sulphuric acid (20 c.c.) until the yellow colour of the glycoside had disappeared. 
The aglycone was filtered off, and the sulphuric acid removed as barium sulphate by addition 
of the calculated quantity of barium hydroxide. On evaporation of the filtrate under reduced 
pressure a sugar (19 mg.) was obtained which crystallised from 90% acetic acid in acute-angled 
plates. A solution containing 19 mg. in 0-75 c.c. gave [«]}** — 2° 6’ in a micropolarimeter. 
An estimation of the reducing power of the sugar by the Hagedorn—Jensen micro-method 
(Biochem. Z., 1923, 185, 46) gave that 0-59 mg. was equivalent to 0-30 mg. of glucose, which is 
in agreement with a disaccharide containing one free aldehyde group. 

Hydrolysis of the disaccharide. The disaccharide (13-4 mg.) was heated for 10} hours on 
a boiling water-bath with N /5-sulphuric acid (1 c.c.): the rotation changed to [«]>* + 30° 30’. 
In the resulting sugar mixture it was found by the Hagedorn—Jensen method that 0-45 mg. 
was equivalent to 0-42 mg. of glucose, which showed that two molecules of aldose had been 
formed by hydrolysis. The hydrolysed sugar product (1-8 mg.) gave a mixture of two phenyl- 
osazones, one of which crystallised from hot water, on cooling, in long branching needles, and 
the other crystallised from water at 100° in the characteristic habit of glucosazone. The hydro- 
lysed sugar mixture gave the qualitative tests for pentose. 

Identification of the pentose. An estimation by McCance’s micro-method gave 20% of 
pentose in galiosin (4-9 mg.) (Biochem. J., 1926, 20, 1111). A pentosidoglucoside of purpurin- 
3-carboxylic acid would require 21%. (This method gave a negative result with the methyl 
pentose, rhamnose.) 

The hydrolysed sugar mixture (containing 15 mg. of pentose) was then oxidised with bromine 
(1-3 c.c. of saturated aqueous solution) in the presence of suspended cadmium carbonate (50 mg.) 
for 2 hours at 40°, being shaken from time to time. The excess of cadmium carbonate was 
centrifuged off, and the clear solution evaporated nearly to dryness. After 12 hours, character- 
istic whetstone-shaped crystals of cadmium bromoxylonate, sparingly soluble in alcohol, 
separated; the pentose was therefore d(-+-)-xylose. 

Identification of the disaccharide. The only naturally occurring pentosidoglucose which has 
a specific rotation near — 2° 6’ is primverose (or 6-8-d-xylosido-d-glucose), the rotation of which 
is given variously in the literature as — 2° 3’, — 3° 17’, and — 3° 30’ (Goris, Mascre, and 
Vischniac, Bull. Sci. Pharmacol., 1912, 19, 577, 648; Bridel, Compt. rend., 1924, 179, 780). 
Primverose yields on hydrolysis a mixture of glucose (+ 52°) and d(+-)-xylose (+ 19°) giving 
a mean rotation of + 35° 30’, which agrees approximately with the value + 30° 30’ obtained 
(the low value may be due to the formation of furfural from the pentose during hydrolysis). 

Like primverose, the disaccharide did not give a sharp melting point; but it crystallised 
from 90% acetic acid in acute-angled parallel-sided plates resembling in habit crystals prepared 
in a similar manner from a specimen of primverose kindly given by Prof. Charaux. 

Position of the Sugar Residue in Galiosin.—Ruberythric acid, rubiadin glucoside, and other 
hydroxyanthraquinone glycosides in which the sugar residues are on a 2-hydroxyl group are 
hydrolysed only slowly or not at all by boiling with sodium hydroxide solution. Galiosin, on 
the other hand, was hydrolysed readily by warming to 50° with dilute sodium carbonate solu- 
tion. In this respect it resembled the relatively unstable hydroxyanthraquinone l-ethers and 
glycosides, which are known to be easily hydrolysed by alkalis (Gardner and Demaree, J]. Amer. 
Chem. Soc., 1936, 58, 757). 

In its colour reactions with alkalis and on mordanted silk galiosin differed markedly from 
alizarin, purpurin, and quinizarin, but closely resembled xanthopurpurin and munjistin. This 
can be simply explained if the sugar residue in galiosin is in the 1-position. 

Galiosin also resembled munjistin in the strong yellow colour of the free substance, and 
in that its solutions in alkalis showed general absorption without giving sharp absorption bands. 
Further evidence obtained by studying the reduction of galiosin supports the view that the 
sugar residue is on the 1-hydroxyl group. 

Galiosin had no reducing properties and did not react with phenylhydrazine, from which 
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it may be concluded that the primverose is coupled with the aglycone in the normal way through 
the aldehyde group of the sugar. Galiosin was rapidly hydrolysed by the enzymes present in 
Primula officinalis, P. vulgaris, and P. sinensis, which hydrolyse @-primverosides. Hydrolysis 
was shown by the colour change from yellow to red and by observing the absorption bands 
of the aglycone at 5650, 5320, and 4950 A. after its extraction in toluene. 


Colour Reactions of Hydroxyanthraquinones. 

Positions of free Colour in Colour on alumina- 

hydroxyl groups. Na,CQ3. mordanted silk. 
Alizarin 1:2 Violet Red 
Quinizarin waren ; Violet Red 
Purpurin wi <a:¢ Purple Red 
Purpurin-3-carboxylic acid ......... : 4 (CO,H) Purple Red 
Xanthopurpurin : Orange Yellow 
Munjistin : Orange Yellow 
Galiosin Orange Yellow 


Reduction of Galiosin.—Mitter and Biswas (loc. cit.) have shown that purpurin-3-carboxylic 
acid is reduced by alkaline sodium hyposulphite to munjistin, the 1-hydroxyl group being elimi- 
nated. This reaction also took place with galiosin, the sugar residue being removed in the 
process. The reduction could be made to take place under extremely mild conditions, as with 
colloidal palladium and hydrogen in neutral solution at 18°. Munjistin was formed quanti- 
tatively, and no munjistin glycoside could be found. 

Reduction with hyposulphite. Galiosin (50 mg.) and sodium hydrogen carbonate (0-2 g.) in 
water (10 c.c.) were treated with sodium hyposulphite (0-1 g.) at 18°. After 15 minutes the 
mixture was shaken in the air, neutralised with dilute sulphuric acid, and extracted with 
chloroform. On evaporation to dryness a crystalline residue of munjistin (20 mg.) was left, 
m. p. 229—232° (decomp.). 

Reduction with hydrogen and palladium. Colloidal palladium solution (1 c.c. containing 
1 mg. of palladium, as prepared by Wohl and Mylo, Ber., 1912, 45, 340) was added to a solution 
of galiosin (25 mg.) in water (10 c.c.), and hydrogen passed in. After 30 minutes the colour 
had become much paler and a yellow precipitate had formed. The mixture was extracted 
with chloroform, from which munjistin (10 mg.) separated, on evaporation to dryness, in 
rectangular plates, m. p. 229—232° (decomp.), similar in properties to a specimen prepared 
by the method of Mitter and Biswas (loc. cit.). It was soluble in dilute sodium hydrogen 
carbonate solution, gave an insoluble red barium salt, and decomposed above its m. p., with 
loss of carbon dioxide, to give xanthopurpurin, m. p. 264°. 

Rubiadin Primveroside (V).—This was isolated by the method of Hill and Richter (/oc. cit.) 
from Galium verum; 500 g. of fresh roots gave 0-7 g. of the glycoside, which separated from 50% 
aqueous alcohol in pale yellow, parallel-sided plates, m. p. 248—-250°. The crystals were almost 
insoluble in cold water, but dissolved on warming. When the aqueous solution was shaken 
with butyl alcohol, most of the glycoside passed into the butyl alcohol layer. It gave a red 
insoluble barium salt and a red lead salt, which was precipitated on treatment of the aqueous 
solution with normal lead acetate and ammonia. 

The solution obtained by hydrolysing the glycoside with acid gave the qualitative reactions 
for a pentose. A micro-pentose estimation by McCance’s method with 3-9 mg. of the glycoside 
gave 24% of pentose. A rubiadin pentosidohexoside would require 27% [Found (micro) : 
C, 56-8; H, 5-3. Cy,H,,0,, requires C, 56-9; H, 5-2%]. 

Hydrolysis. When the glycoside (155 mg.) was boiled with 0-4N-sulphuric acid (15 c.c.) 
for 6 hours, a flocculent yellow precipitate separated. After several recrystallisations from 
97% alcohol this formed yellow needles (50 mg.), m. p. 268°. It was found by mixed m. p. 
and comparison:of solubilities to be identical with the rubiadin-3-glucoside of Schunck and 
Marschlewski. We are very grateful to Prof. A. Robertson for an authentic specimen of 
rubiadin-3-glucoside for comparison. 

After the hydrolysis and removal of the rubiadin-3-glucoside a pentose was found in the 
solution. This was identified as d(+)-xylose by oxidising it with bromine and isolating cadmium 
bromoxylonate crystals. 

The fact that the rubiadin glycoside gave red salts with alkalis showed that one hydroxyl 
group in the anthraquinone nucleus was free, and therefore the pentose was attached to the 
glucose as a disaccharide. Since primverose was isolated from galiosin, it is probable by analogy 
that this d(-++)-xylosidoglucoside also was a primveroside. The glycoside was hydrolysed by 
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enzymes present in Primula officinalis and P. vulgaris, from which it follows that the glycosidic 


linkage was of the 8-type. 
Rubiadin primveroside has not yet been isolated from madder, but its presence in closely 
related species suggests that it may be a precursor of the rubiadin-3-glucoside of Schunck and 


Marschlewski, which was obtained by boiling madder extracts with acid. 


It is a pleasure to thank Sir Frederick Hopkins for his encouragement and helpful advice. 
One of us (D. R.) wishes also to thank the Medical Research Council for a personal grant which 
was held while a part of the work described was in progress. 


THE BIOCHEMICAL LABORATORY, CAMBRIDGE. [Received. September 29th, 1936.]} 





382. Phthalocyanines. Part VII. Phthalocyanine as a Co-ordinating 
Group. A General Investigation of the Metallic Derivatives. 


By P. A. Barrett, C. E. DENT, and R. P. LINSTEAD. 


In its power of forming stable derivatives with a wide variety of metals, phthalocyanine 
can be ranked with acetylacetone. Twenty elements whose phthalocyanine derivatives 
have been studied are given in the table. This includes representatives of each group 


(l1—8) of the periodic table. 


Group 1. 2. 3. 4. 5. 6. 7. 8. 
(Hydrogen) 
Sodium Beryllium Aluminium Tin Vanadium Chromium Manganese Iron 
Potassium Magnesium Lead Cobalt 
Copper Calcium Nickel 
Zinc Platinum 
Cadmium 
Barium 
A number of other metallic compounds are still under study, but it seems desirable to 
indicate the main results which have so far been achieved. Developments in the purely 
organic chemistry of the group will be described separately. 

In one respect the metallic phthalocyanines differ from other organic co-ordination 
compounds; they are not usually prepared from the parent metal-free compound but 
from the dinitrile or nitrile-amide of phthalic acid, the metal being fixed at the same 
time as the phthalocyanine unit is formed (¢.g., 4CgH,Ng + Met —> Cg,H,,N,Met). 
There is a great tendency, particularly in the case of phthalonitrile, for this to occur and 
the reactions are exothermic. Metallic reagents suffer an interesting variety of changes 
in their efforts to provide the metal necessary for phthalocyanine formation. These are 
illustrated in the summary which follows. A classification based on the valency of the 
central element has been used. 

(1) Univalent Elements (H,Na,K).—Free phthalocyanine, C,,.H,,N,H, (Byrne, Linstead, 
and Lowe, J., 1934, 1017), has now been prepared by the decomposition by means of acids 
or water of the following metallic derivatives : beryllium, sodium, magnesium, potassium, 
calcium, manganese, cadmium, tin, barium and lead. It is also formed when phthalonitrile 
is heated at high temperatures either alone or with such catalysts as silica gel or platinum. 
It has been shown (Dent, Linstead, and Lowe, J., 1934, 1033) that the formula for phthalo- 
cyanine is (CgH,Ng),H, and not (CgH,N,),, and independent and conclusive evidence in 
support of this is given later i in this paper. The preparation from phthalonitrile (CgH,N,) 
over platinum in the absence of an obvious reducing agent might appear to favour the 
second of these formule. This objection is not serious because the reaction is accompanied 
by gross decomposition and deposition of carbon, 

The suggestion made in Part III that the formation of free phthalocyanine from phthalo- 
nitrile and sodium amyloxide proceeded through the intermediate formation of a sadium 
compound has been verified. These compounds react in boiling amyl alcohol to yield 
disodium phthalocyanine, which is converted into free phthalocyanine slowly by hot water, 
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rapidly by dilute acids. The preparation of phthalocyanine from phthalonitrile by this 
route thus involves the processes : 


Experiments designed to determine the fate of the amyloxide residues (2C;H,,°O) in the 
first of these reactions were inconclusive. 

In attempts made to prepare N-methylphthalocyanine from the disodium compound 
and methy] iodide, no reaction occurred even at 220°. The sodium was rapidly eliminated 
by a mixture of methy] iodide and ethyl alcohol, but the organic product from the sodium 
compound was pure unmethylated phthalocyanine. The reaction presumably proceeds 
as follows : 


PcNa, + 2MeI + 2EtOH —~> PcH, + 2NalI + 2MeOEt 


[Pc represents the bivalent phthalocyanine group (C,,H,,N,)]. 

Potassium amyloxide and phthalonitrile yield a dipotassium phthalocyanine similarly 
but less readily. The metal appears to be more easily removed than is sodium ; for example, 
the salt yields phthalocyanine on treatment with methyl iodide at 170°. 

(2) Elements normally Bivalent (Be, Mg, Ca, Ba, Pb, Cu, Zn, Cd, Ni, Co).—Massive 
beryllium is rapidly dissolved by boiling phthalonitrile,* provided that the surface of the 
metal has first been etched with acid. The product gives on sublimation in a vacuum 
anhydrous beryllium phthalocyanine (PcBe), which yields a dihydrate in moist air. Bery]- 
lium phthalocyanine is converted into free phthalocyanine when it is dissolved in con- 
centrated sulphuric acid and the solution diluted with water. Magnesium phthalocyanine 
dihydrate (J., 1934, 1023) has now been dehydrated by careful vacuum sublimation. The 
anhydrous compound is hydrated rapidly and in a characteristic manner in moist air, but 
can be kept indefinitely in a dry atmosphere. These results confirm the structure 
previously advanced for the magnesium compound. 

Calcium phthalocyanine is conveniently prepared by the action of calcium oxide or 
ethoxide on phthalonitrile. The reaction with quick-lime presumably involves the 
oxidation of a small proportion of the nitrile, e.g., by the reaction 73C,H,N, + 18CaO —> 
18Ca(C,H,N,), + 8CO, + 2H,O + N, or an equivalent process. The product is a green 
insoluble substance which cannot be sublimed and is converted into phthalocyanine by 
the action of acids. Barium phthalocyanine is formed similarly but less readily from 
baryta and phthalonitrile. The metal is more easily removed by acids than is calcium. 

Copper phthalocyanine may be taken as the prototype of the stable metallic phthalo- 
cyanines of normal structure. In addition to the methods already described (Dent and 
Linstead, J., 1934, 1027), it has been prepared by the action of anhydrous cupric chloride 
on phthalocyanine in boiling quinoline. This process gave the cupric derivative (PcCu) 
and there was no indication of the formation of a cuprous compound, PcCu,. Careful 
fractional crystallisation failed to show the presence of more than one form of the cupric 
compound. The action of metallic salts on free phthalocyanine is valuable for the prepar- 
ation of less accessible compounds of the group containing other metals. The smooth form- 
ation of cupric phthalocyanine from equivalent amounts of the metal-free compound and 
cupric chloride confirms the presence in the former of two replaceable atoms of hydrogen. 

Zinc phthalocyanine, prepared from the metal and phthalonitrile, resembles the copper 
compound in many respects. It has the normal structure, PcZn. The substance itself 
is blue, but when precipitated from its sulphuric acid solution by the addition of water 
a greenish-blue sulphate is formed, which regenerates the original substance on treatment 
with alkali. There is no elimination of metal. A similar salt formation occurs during 
the reaction between zinc chloride and phthalonitrile. The product contains two atoms 
of chlorine to the molecule, 7.e., to each atom of zinc, and one of these is lost as hydrogen 
chloride on treatment with sulphuric acid. Dilution of the solution in this acid and 

* Thus phthalonitrile, although it contains neither an acidic nor a pseudo-acidic hydrogen atom, 


dissolves metals to form compounds in which the metallic atoms are held by primary valencies. This 
is possible because a ring is formed under the conditions of reaction. 
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neutralisation yields zinc monochlorophthalocyanine (which contains one nuclear halogen) 
and the first product appears to be essentially the hydrochloride of this. The original 
reaction therefore simulates that between cupric chloride and phthalonitrile (Dent and 
Linstead, J., 1924, 1027), the only difference being that in one case the hydrogen chloride 
formed by the nuclear halogenation escapes and in the other is fixed as a salt : 


4C,H,N, + CuCl, = (CsH,N,)sCu(CgH,N,Cl) + HCl 
\ 4C,H,N, + ZnCl, = (CgH,N,)3Zn(CgH3N,Cl) HCl 

Cadmium phthalocyanine resembles the zinc compound in the method of formation, 
but differs from it in that it is insoluble and non-volatile, and by the fact that the metal is 
removed by acids. This significant difference is discussed later. 

Nickel phthalocyanine is conveniently prepared from o-cyanobenzamide and the metal, 
but the cobalt compound is most easily made by dissolving the etched massive metal in 
boiling phthalonitrile. These products are normal compounds of the type PcMe; they 
are stable to concentrated sulphuric acid and sublime well. Cobaltous chloride reacts 
smoothly with phthalonitrile with the formation of hydrogen chloride and cobalt mono- 
chlorophthalocyanine. The product yields a mixture of phthalimide and a chloro- 
phthalimide on oxidation and no chloride ion is liberated : hence the chlorine is nuclear. 
The original reaction thus resembles that between phthalonitrile and cupric chloride. 

Lead phthalocyanine is abnormal in many respects. It can readily be prepared by 
the violently exothermic reaction between litharge and phthalonitrile. The mechanism 
is probably similar to that suggested above for the reaction between quick-lime and 
phthalonitrile. The yield is almost theoretical on the basis that one nitrile molecule in 
73 is used up in the reduction of the litharge. The product after purification, by either 
sublimation or crystallisation, corresponds to PcPb and is easily converted into phthalo- 
cyanine by the action of mineral acids. It differs from the other normal metallic phthalo- 
cyanines in colour (it is bright green) reflex and crystalline form. A mixture of lead 
sulphate and metal-free phthalocyanine heated under reduced pressure gave a sublimate 
of lead phthalocyanine, together with a little unchanged free phthalocyanine. This 
remarkable reaction, which involves the liberation of sulphuric acid or sulphur trioxide, 
illustrates once more the stability of the phthalocyanine unit. The many peculiarities of 
lead phthalocyanine are not due to the high atomic weight of the central atom, for the 
platinum compound is normal. 

Other phthalocyanines in which the central metal exhibits bivalency are described 
below under “‘ elements of variable valency.” 

(3) Tervalent Element (Al).—We expected that the bivalent phthalocyanine complex 
and an exclusively tervalent atom such as aluminium would interact to form substances 
of the type Pc-AIX, where X is a univalent atom or group. This was borne out in 
practice. Aluminium chloride reacted readily with phthalonitrile to yield a metallic 
phthalocyanine, but as the product is comparatively complex, it will be convenient to con- 
sider first the simpler substance obtained from the chloride and free phthalocyanine. 
These react in boiling quinoline to yield chloroaluminium phthalocyanine * (PcAICl), a 
blue solid which can be purified by crystallisation but decomposes slightly on sublimation. 
It shows no tendency to hydration but is appreciably soluble in alcohol (abnormal). It 
dissolves in sulphuric acid with evolution of hydrogen chloride; dilution with water then 

* Note on nomenclature. Three types of halogen (chlorine in the examples given below) must be 
distinguished, the chemical differences between which are illustrated in the text. (1) Nuclear. When 
the chlorine atom is substituted in a benzene ring, ‘“‘ chloro ’”’ is prefixed to “‘ phthalocyanine ”’ in the 
name; ¢.g., the compound from phthalonitrile and cupric chloride is copper chlorophthalocyanine 
(CygH,,N,Cl)Cu. (2) Central. When the chlorine is attached to the central metallic atom, “‘ chloro ”’ 
is prefixed to the name of the metal; e.g., the compound from phthalocyanine and aluminium chloride 
is chloroaluminium phthalocyanine, (C;,H,,N,)AICl. (3) Salt-like. When the chlorine is attached as 
hydrogen chloride (presumably to a nitrogen atom), ‘‘ hydrochloride ’’ is added to the name of the 
compound; ¢.g., the compound from phthalonitrile and zinc chloride is zinc chlorophthalocyanine 
hydrochloride, (C,3H,;N,Cl)Zn,HCl. The nomenclature of other substituted phthalocyanines follows 
directly from this. 
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precipitates a greenish-blue sulphate, there being no elimination of metal. Ammonia 
reacts with this to form Aydroxoaluminium phthalocyanine (PcAlOH), isolated as a éri- 
hydrate and a stable monohydrate. This substance is amphoteric; it regenerates the 
sulphate on treatment with sulphuric acid and forms a salt with sodium hydroxide. The 
reactions involved are : 


PcH, + AICI, = PcAICl + 2HCl 
and PcAICl——» PcAIHSO,——» PcAIOH —-> PcAlONa 


The formation of the monochloroaluminium compound is strong independent evidence 
for the presence of two reactive hydrogen atoms in free phthalocyanine. 

The water of the monohydrate of the hydroxo-compound can be removed only at very 
high temperatures ; the hydroxyl groups of two molecules then also interact to yield what 
appears to be aluminium phthalocyanine oxide : 


2PcAl0H,H,O —> (PcAl),0 + 3H,O 


This sublimes in fine needles and shows no tendency to recombine with water. The 
stable monohydrate appears to illustrate the tendency for aluminum to assume the stable 
6-co-ordinate state [PcAl(OH)H,O], but the hydration of other aluminium compounds 
of the group is irregular. 

Aluminium chloride reacts vigorously with phthalonitrile at 250° with evolution of 
heat and hydrogen chloride to yield chloroaluminium chlorophthalocyanine, which readily 
forms a dihydrate and a trihydrate. This substance contains chlorine of two dissimilar 
types. One atom resembles that present in the product from phthalocyanine and 
aluminium chloride discussed above: it is eliminated by sulphuric acid, and treatment 
of the product with ammonia yields hydroxoaluminium chlorophthalocyanine. The other 
atom is nuclear and cannot be eliminated. When the molecule is broken up by acid 
oxidising agents, a mixture of phthalimide and a chlorophthalimide of unknown orientation 
is produced. The central chlorine atom is not held by an electrovalency, for an alcoholic 
solution only gives a precipitate very slowly with alcoholic silver nitrate. These com- 
pounds are formed by the reactions : 


CogHygN gCl-AIC] —> Cogll,,NgClAIHSO, —> CygH,,N,CI-AIOH 


The first equation represents the main reaction between aluminium chloride and phthalo- 
nitrile. The experimental yield of hydrogen chloride was 80% of that required by this 
equation, but estimation was difficult. 

(4) Elements of Variable Valency (Sn, Pt, Fe, Mn, Cr, V).—The derivatives of tin provide 
the only example so far realised in the phthalocyanine group in which the central metal 
can exhibit both its ordinary states of valency. They have therefore been examined in 
detail, the reactions which have been studied being shown in the following scheme : 


. CagHgNgSn 
gti (I.) 4 SS. 
" 1 | 7 a at, 


SnCl, . Y 
4(CgH,N,) ——> Cggki,gN,SnCl, “soc, CygH gN gH 
(II.) 
SnCl, PcNa, 


(III.) CygH,5NgCl-SnCl, (CogHigNg)gSn (IV.) 


A full arrow indicates that the reaction was realised; a broken arrow that it was realised 
but that some complication occurred. 

Phthalonitrile and metallic tin react slowly at 300° to yield dark blue stannous phthalo- 
cyanine (I), which is of the normal type, PcSn. Although yielding a blue vapour when 
heated, it cannot be sublimed satisfactorily. When it is treated with sulphuric acid, 
the metal is eliminated with the formation of phthalocyanine, but this happens so slowly 
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that side reactions occur and the yield is poor. Stannous phthalocyanine, unlike other 
phthalocyanines, gives a bright green colour on treatment with nitric acid or nitrogen 
dioxide corresponding to the conversion of the tin into the stannic state. 

The reaction between stannous chloride and phthalonitrile is violently exothermic 
and gives rise to the green dichlorotin phthalocyanine (11) in excellent yield. No hydrogen 
chloride is evolved and the process involves a unique direct addition. The two chlorine 
atoms of dichlorotin phthalocyanine are attached to the metal, because (i) oxidative 
fission yields unchlorinated phthalimide and chloride ion, (ii) caustic alkali and ammonia 
eliminate the halogen completely, and (iii) if the dichloro-compound were stannous phthalo- 
cyanine dihydrochloride, alkali would liberate the parent compound, whereas dichlorotin 
phthalocyanine would be converted into a dihydroxotin phthalocyanine or an alkali salt 
of this. The reaction realised was : 


PcSnCl, + 4KOH —> PcSn(OK), + 2KCl + 2H,O 


so the second alternative is correct. 

The action of alkali in alcoholic solution and of sodium ethoxide on the dichloro- 
compound gave rise to interesting colour changes and gross decomposition of the molecule. 
Successive treatments with ammonia under pressure and boiling quinoline led to the 
formation of stannic oxide and free phthalocyanine. The compound is therefore much 
less stable to alkali than most phthalocyanines. 

The interchange between the stannous and the dichlorostannic form is readily effected. 
When hydrogen is passed through a solution of dichlorotin phthalocyanine in boiling 
quinoline, reduction to the stannous compound occurs. The reverse reaction is brought 
about by dry chlorine gas, but is complicated by some nuclear chlorination occurring, 
and crystallisation of the product yields substantially pure dichlorotin chlorophthalo- 
cyanine (III). 

When dichlorotin phthalocyanine is boiled with disodium phthalocyanine in chloro- 
naphthalene, sodium chloride is eliminated and stannic phthalocyanine (IV) formed. For 
this compound, which is free from chlorine and oxygen, no other formula seems possible. 
It is unique in containing two phthalocyanine units attached to a metal. It is more 
soluble than most phthalocyanines, but the other properties are normal. 

By analogy with the reactions already described, it was expected that free phthalo- 
cyanine would react with stannous and stannic chlorides in a suitable solvent to yield 
respectively the stannous and the dichlorostannic derivative. The second of these reactions 
was realised. The first was complicated by the fact that, although a fixation of tin occurred, 
the product contained chlorine. Analysis indicated that it might be stannous phthalo- 
cyanine hydrochloride, but this awaits confirmation. Stannic chloride reacts with 
phthalonitrile at 300° to yield the expected dichlorotin chlorophthalocyanine (III) : 


4C,H,N, + SnCl, = CygH,,CINg‘SnCl, + HCl 


The reaction resembles that between aluminium chloride and phthalonitrile. 

In the hope of obtaining dialkyl tin phthalocyanines the reactions between dimethyl- 
stannic chloride * and free phthalocyanine was examined. The main product was 
dichlorotin phthalocyanine, methane presumably being eliminated. The reaction between 
dimethylstannic iodide and phthalonitrile led to gross decomposition. 

Platinous chloride combines readily with phthalonitrile to yield platinum phthalo- 
cyanine (ous), PcPt. This remarkable compound, which contains over a quarter of its 
weight of platinum, sublimes at about 550° and is stable to sulphuric acid. No nuclear 
chlorination, either of the product or of the unreacted phthalonitrile, is involved in its 
formation, hence the chlorine presumably emerges as such or as platinic chloride. There 
appears to be no reaction between phthalocyanine and platinum metal or platinous chloride. 

Iron phthalocyanine, which was the first member of the group studied in these labor- 


* For the preparation of these dialkylstannic halides we found the original method of Cahours 
(Annalen, 1860, 114, 367), viz., the direct interaction of tin and methyliodide, much preferable to that 
involving the decomposition of methylstannoxylic acid. 
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atories (J., 1934, 1016; compare B.P. 322,169), could not be obtained pure until the 
technique of sublimation had been perfected. Material prepared from o-cyanobenzamide and 
metallic iron, after sublimation, gave analytical figures corresponding to ferrous phthalo- 
cyanine, PcFe. The original iron compound of Part I yielded the same material on sublim- 
ation. On oxidation with ceric sulphate (Dent, Linstead, and Lowe, /oc. cit.) ferrous 
phthalocyanine takes up oxygen equivalent to 14 atoms per molecule. This corresponds 
with the usual oxidation of the complex and the conversion of the iron into the ferric state. 
Cobalt phthalocyanine behaves similarly, the metal passing into the cobaltic state. 
Attempts to prepare a chloroiron phthalocyanine (ferric), which would be the “‘ hemin ”’ of 
the series, are still in progress. Anhydrous ferric chloride reacts readily with phthalo- 
cyanine to form a mixture of the ferric and the ferrous compound, from which the latter 
was sublimed in good yield. 

Black substances of the phthalocyanine class, but of uncertain constitution, are obtained 
by the interaction of manganese dioxide and phthalonitrile, and of manganese metal 
and o-cyanobenzamide. Both these give manganese phthalocyanine (MnPc) on sublimation, 
and free phthalocyanine on treatment with sulphuric acid. Chromium gives phthalo- 
cyanine derivatives with some difficulty and we have not yet obtained substances of 
certain constitution. Both o-cyanobenzamide and phthalocyanine yield compounds of 
the general type when treated with anhydrous chromous chloride. Vanadium pentoxide 
reacts with phthalonitrile to yield vanadyl phthalocyanine, PcVO, which is stable to sulphuric 
acid and can be sublimed. As expected on general grounds, no phthalocyanine derivatives 
of silicon could be obtained from the interaction of silicon tetrachloride with free phthalo- 
cyanine. Boron trichloride gave an unstable green compound when heated with phthalo- 
cyanine to 300°, which was probably an addition compound. The sharp contrast with 
aluminium chloride is in agreement with the requirements of the covalency rule, from 
which it can be predicted that boron cannot give a covalent compound of the type 
PcBCl. 


DISCUSSION. 


The question whether the metal atoms of the metallic phthalocyanines are held to the 
isoindole nitrogen atoms by covalencies or electrovalencies may be examined by applying 
the tests of volatility and solubility in organic media (Sidgwick, “‘ The Electronic Theory 
of Valency,” 1927, Chapter 6). Sodium, potassium, calcium, barium, and cadmium 
phthalocyanines differ from the other compounds of the series in being quite insoluble, 
even on continuous extraction with chloronaphthalene or quinoline above 200°, and in- 
capable of sublimation. The metal-nitrogen link in these compounds must therefore 
be presumed to be electrovalent and that of all the other metallic derivatives to be covalent. 
A similar distinction is found among the corresponding metallic acetylacetonates. The 
five electrovalent metallic phthalocyanines readily liberate metallic ions on treatment 
with acids or, in some cases, water alone. 

The fact that the metal in zinc phthalocyanine is held by covalencies, whereas the 
corresponding cadmium compound is electrovalent, is in keeping with Fajans’ principle 
that in the same periodic group of metals the tendency to form covalent compounds 
decreases with rise in atomic number. It is also of interest that, where comparison is 
possible between pairs of metals in the same group, a metal of higher atomic number 
enters the phthalocyanine complex more reluctantly and leaves it more readily. This 
is shown by comparing sodium with potassium, beryllium with magnesium, calcium with 
barium, and tin with lead. 

The stability of metals in metallic phthalocyanines towards acids is not, however, 
determined only by the tendency of the metal to become ionised, but also by its stability 
in the planar 4-co-ordinate state and by considerations of molecular dimensions. Robertson 
(J., 1935, 615; this vol., p. 1195) finds that the distance from the centre of the zsoindole 
nitrogen atoms to the centre of the molecule is 1-91 + 0-03 A. in free phthalocyanine, 
and the dimensions are not materially affected by the entry of a metal atom. If we deduct 
0-55 as the radius of the nitrogen, there remains a hole in the centre of the molecule of 
radius about 1-35 A., into which the metal must fit. All the metallic phthalocyanines 
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which resist attack by concentrated sulphuric acid actually contain metals whose normal 
effective radii (as neutral atoms) are of about this order. This is shown in the table, 
where the atomic radii are those given by Sidgwick (‘‘ The Covalent Link in Chemistry,” 
p. 83) : 


MEE: » eadiacchbasdbinatehdkhatids Cu Zn Fe Co Ni Pt Al(asAIX) V 7 VO) 
I IE denchguechunielen 1-28 1-32 1-27 1-25 1-24 1-38 1-43 30 


On the other hand, larger or smaller covalent metals, such as manganese (1-18) and lead 
(1-75) are displaced by acids. These considerations provide an independent verification 
of the effective dimensions of the metals given in the table from a novel standpoint. 
Klemm and Klemm have recently (J. pr. Chem., 1935, 148, 82) dealt with the magnetic 
properties of certain metallic phthalocyanines. They conclude from their experiments 
(i) that the metal atoms in nickel, cobalt and iron phthalocyanines are not held by electro- 
valencies and (ii) that the metal in the nickel compound is attached to all the isoindole 
nitrogen atoms. This is in agreement with the views advanced in the present paper, 
but we do not agree with Klemm and Klemm’s suggestion that the metals of magnesium 
and manganese phthalocyanines are held by electrovalencies because of their com- 
parative lability to acids. Both of these compounds and the beryllium derivative 
(anhydrous), which also contains a labile metal, are similar in volatility, solubility, and 
crystalline form to undoubtedly covalent metallic phthalocyanines and we believe their 
metal—nitrogen links to be covalencies, more easily broken than those of the copper or 
nickel compounds. 
Co-ordination.—As a basis for the discussion of the co-ordination of the metal atoms, 
we may take the general formula (V) (see J., 1934, 1035; formula 
XVI) of the normal metallic phthalocyanines, where M is a 
av) bivalent metal such as copper, platinum or zinc. There is no 
Or — chemical evidence incompatible with this formula and it has 
been strikingly confirmed by the X-ray investigations of J. M. 
N \e Robertson (loc. cit.) and the absolute determination of molecular 
\ aN y weights (Robertson, Linstead, and Dent, Nature, 1935, 135, 506). 
\—" eee It has been proved that the metal is held to two isoindole 
nitrogen atoms by primary valencies; its co-ordination with the 
di 4 \w7 \ other two to form four ‘chelate rings (cf. Part VI) is reasonably 
\ yj \ J certain for the following reasons: (a) The stability of most of 
Wv.) the metallic phthalocyanines towards heat and reagents, par- 
ticularly mineral acids. There are analogies for this among 
other compounds recognised as co-ordinated, ¢.g., cobalt glycine is precipitated un- 
changed by dilution of its solution in concentrated sulphuric acid (Ley and Winkler, 
Ber., 1909, 42, 3894; 1912, 45, 372). (b) The fact that very few metallic phthalo- 
cyanines tend to become solvated during crystallisation. If, for example, the 
platinum or copper were dicovalent in their phthalocyanine derivatives and not co- 
ordinated, we should expect them to pass readily into the tetraco-ordinate (or higher) 
state by combination with two (or more) molecules of a base. These phthalocyanines, 
however, crystallise unsolvated from bases. (c) The existence of metals in so stable a form 
in the lower state of valency (Fe, Mn) would be remarkable unless the metal were co- 
ordinated. (d) The molecular conditions necessary for co-ordination and chelation are 
present, namely, lone pairs of electrons on two nitrogen atoms and incomplete outer shells 
in the central atoms. These atoms are so placed as to permit (one might almost say, to 
force) ring formation; the four chelate rings are all six-membered, contain one or two 
double bonds and hence are strainless or practically so (cf. Sidgwick, op. cit., Chapter 14). 
Phthalocyanine is therefore a quadridentate chelating unit, capable of occupying 
four positions in the co-ordination sphere of a metal. This type of four-fold chelation, 
in which the metal is completely enclosed in an outer ring and the whole molecule thereby 
knit together, clearly leads to structures of great stability. As usual, this stability is not 
influenced by the electronic completeness of the core of the metallic atom: zinc phthalo- 
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cyanine has a rare-gas arrangement (2) (8) (18) 4,4, but the very stable copper compound 
contains a typical incomplete core, (2) (8) (17) 4,4, as in the cupric ion. 

The normal metallic phthalocyanines, Metal Pc, are simply related to the corresponding 
derivatives of acetylacetone, MetalAc,. Vanadyl phthalocyanine, VOPc, may be com- 
pared with vanadyl acetylacetone, and PcSnCl with Ac,SnCl. On the other hand, there 
are no counterparts of AlAc, and VAcs. Metals do not exhibit their maximum covalency 
in their phthalocyanine derivatives, except in the simplest cases, for stereochemical reasons. 

Fine Structure—The general formula (V) for covalent metallic phthalocyanines is not 
regarded as completely correct, for it implies a distinction between the four nitrogen atoms 
which hold the metal. We believe that no such distinction exists and that, in Robertson’s 
words, “‘ the o-quinonoid ring does not possess a definite location in the molecule.” This 
follows from Robertson’s demonstration of the centrosymmetry of metallic phthalocyanines 
and from the non-existence of isomerides of the types represented by (A) and (B). Free 
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phthalocyanine also is centrosymmetrical, and on classical stereochemistry the two hydrogen 
atoms should be on opposite sides of the great ring (trans). It is preferable to assume 
that the molecules of phthalocyanine exist in a state of resonance and that each hydrogen 
atom is co-ordinated with two nitrogen atoms in the manner crudely represented by (C). 
Independent chemical evidence in support of this has recently come to hand. A similar 
condition is to be attributed to the metallic derivatives. 

Phthalocyanine thus resembles the aromatic type in stereochemistry,* in the loss of 
unsaturated characteristics and in the very high stability. It appears highly probable 
that this resemblance originates in a similar, although more complex, resonance in the 
molecule. A further partial analogy is with the enolic derivatives of unsymmetrical 
§-diketones and associated substances, which also do not exist in the expected number of 
isomeric forms and have an abnormal stability (Wheland, J]. Chem. Physics, 1933, 1, 731; 
Sidgwick, op. cit.). A resemblance between these compounds, including their metallic 
derivatives, and the aromatic type was recognised 22 years ago by Morgan and Moss 
(J., 1914, 105, 189). 

The considerations advanced here may also be applied to the compounds of the porphyrin 
group, on the very probable assumption that the Kiister-Hans Fischer formula for the 
fundamental ring structure is correct (compare Ann. Reports, 1935, 32, 361). 


EXPERIMENTAL. 


General Notes on Purification and Analysis.—The methods of crystallisation and sublimation 
are described below in detail, as it appears that they may be generally useful for the purification 
of solids only soluble to a small extent in high-boiling liquids and of those capable of sublimation 
at high temperatures. 

1. Extraction and crystallisation. The apparatus f is shown in Fig. la in a size suitable for 
the extraction of 2 g. of substance with about 200 c.c. of solvent. The solvent is contained 
in a 500 c.c. flask of Pyrex glass (A) with a broad fused-on neck, 13” x 2”. The solid is placed 
in an inner vessel of Pyrex glass (B) (6” x 13”), resembling a drying tube in shape, which con- 
tains a layer (C), }” thick, of Gooch asbestos held between two filter discs. The vessel (B) is 
held vertically in the neck of the flask by means of four indentations at (D) and can be lowered 
into or removed from the flask by means of a‘hook inserted in a hole (E). The liquid is boiled 
in (A), the vapour passes round (B) and is condensed by means of a condenser (F) mounted 
in the neck of the flask by a cork carrying a safety tube. The condenser consists of a tube of 
Pyrex glass terminated by a bulb the end of which is bent at an angle. If chloronaphthalene 


* See Linstead and Robertson, following paper. 
Tt We gratefully acknowledge Dr. A. R. Lowe’s assistance in the development of the technique of 
crystallisation. 
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(b. p. 250°) is used as the extracting liquid, decalin (b. p. about 190°) is used as the liquid in (F). 
This is boiled by the condensing chloronaphthalene and itself condenses at the top end of (F). 
The condensed chloronaphthalene drops off the point of (F) and percolates through the solid 
in (B), which slowly passes into (A). By Fic. 1b Fro. 1 
turning the cork carrying (F) from time to wnsers on 
time, the condensing liquid is directed down 
a different side of (B). The extraction is 
generally stopped when the separated solid in 
(A) causes bad bumping. (It was often 
possible to extract three 2 g. batches of solid 
with the same solvent before this occurred.) 
When a lower-boiling solvent is used, the 
condensing liquid has to be altered to one of 
suitable b. p., e.g., water for aniline. A water- 
condenser is then used to cool the top of (F). 
Direct heating by means of a flame is 
the most satisfactory. The phthalocyanine 
crystallises in (A), often from the boiling 
solution. 

This extractor is preferable to one of the 
Soxhlet type, which is difficult to operate with 
a high-boiling liquid. Extraction proceeds 
practically at the boiling point and there is 
no attack of the cork by solvent vapour. 

2. Sublimation. The apparatus, shown in 
Fig. 1b, is made from the hardest Jena glass 
(Supremax). The phthalocyanine is intro- 
duced through (B) into the pocket (A), and 
the tube is then assembled as shown. A stream 
of dry carbon dioxide enters through a drawn- 




















Fic. la.—Apparatus for constant extraction with 


out capillary at C and escapes to a pump and high-boiling liquid. 
gauge ot D. Sip peeenaieenees ap me Fic. 1b.—Apparaius for sublimation at high tem- 
vertical arm towards C. The tube at D is peratures. 


kept at about 400° by means of a gauze heated 
by a small flame. The pressure is suitably adjusted and the phthalocyanine is heated to red heat 
by asecond burner. Volatile impurities pass beyond the gauze towards B, inorganic impurities 
remain in A, and the phthalocyanine collects at D. At the end of the experiment the sublimate 
is freed from the glass by means of a bent wire (inserted at C) and carefully removed down the 
sidearm C. For X-ray investigation, crystals over 1 cm. long were prepared in this apparatus. 
Phthalocyanines do not melt. Their purity was assessed and they were characterised by 
microscopic examination (the reflex against a dark ground is often characteristic) and by 
analysis.* In macro-combustions for carbon and hydrogen all the sublimable substances could 
be burnt completely in 15 minutes. Nitrogen was estimated by the macro-Kjeldahl method 
for the aluminium compounds and by macro-Dumas for the remainder. Total chlorine was 
estimated by fusion with Kahlbaum lime by Liebig’s method, a blank determination being 
necessary. The estimation of metals, where it differs from standard practice, is described under 
the individual compounds. A few asterisked micro-analyses are by Schoeller. 
Phthalocyanine.{—The preparation from the metallic derivatives is described under the 
individual metals, and the “‘ catalytic’’ preparation under platinum. Chloronaphthalene is 
the most convenient solvent for its crystallisation. A sample purified by sublimation had 
C, 746; H, 3-6; N, 22-05 (Calc. for Cy,H,,N,: C, 74:7; H, 3-5; N, 218%). Quantitative 
oxidation of sublimed material with ceric sulphate (J., 1934, 1038) confirmed the presence of 
2 atoms of oxidisable hydrogen per molecule. 


* Measurements of absorption spectra will be described shortly. 

+ The preparation of free phthalocyanines and of various metallic derivatives from phthalonitriles 
and o-cyancbenzamides respectively has been described in B.PP. 410,814 and 389,482 as well as in the 
papers already cited. The coloured substances containing iron, nickel and copper made from phthalic 
anhydride, @tc., and ammonia, as described in B.P, 322,169, are now seen to consist of or contain the 
corresponding phthalocyanines (cf. also B.P. 390,149). 
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Sodium. 10 G. of phthalonitrile were added to a solution of 1-8 g. of sodium in 100 c.c. of 
amyl alcohol, and the mixture refluxed gently for 10 minutes. Some ammonia was evolved at 
first. The product was filtered hot and washed with absolute alcohol and dry ether. Disodium 
phthalocyanine remained as a dull greenish-blue powder with a purple reflex. Yield, 70% 
(Found: Na, 7-95, 8-0. C,,H,,.N,Na, requires Na, 8-2%). It decomposed on being heated 
under reduced pressure and no appreciable amount of product was removed by extraction with 
boiling quinoline. A similar preparation was carried out in which only 17 c.c. of amyl alcohol 
were used. No vapours condensable at — 20° were given off. The amyl alcohol residues 
yielded impure phthalimide and a trace of (?) isovaleric acid insufficient for identification. 

Sodium phthalocyanine on treatment with water at 90° for 15 hours yielded a product 
containing about 2-5% of sodium. After a further 3 days’ treatment the value fell to Na, 
0-52, 0-3% and the product yielded phthalocyanine on sublimation. Disodium phthalocyanine 
did not react with methyl iodide in the cold or at 220° (sealed tube, 4hours). 5G. were warmed 
overnight with 10 c.c. of methyl iodide and 10 c.c. of absolute alcohol. The filtered solid was 
metal-free phthalocyanine and readily attacked copper in boiling quinoline [Found for sublimed 
material: C, 75-0; H, 3-6; N, 21-8 (Dumas), 21-7 (Kjeldahl). Calc.: C, 74-7; H, 3-5; N, 
21-8%]. Sodium phthalocyanine also yielded free phthalocyanine with mineral acids. 

Potassium. The preparation of free phthalocyanine through a potassium compound has 
alréady been described (B.P. 410,814). The potassium compound was conveniently isolated 
by refluxing 20 g. of powdered phthalonitrile for an hour with a solution of 5 g. of potassium 
in 200 c.c. of amyl alcohol. The mixture rapidly became green, but the formation of pigment 
was slower than in the case of sodium. The product was filtered, washed with dry ether, and 
dried in a vacuum desiccator. Crude dipotassium phthalocyanine was obtained as a blue powder 
(10 g.) which was insoluble in all solvents and could not be sublimed (Found: K, 11-0, 11-2. 
C,.H,,.N,K, requires K, 13-2%). Prolonged treatment with boiling absolute alcohol led to 
conversion into free phthalocyanine (ash, 0-3%). 3G. of the potassium compound were heated 
at 170° for 6 hours with 5 c.c. of methyl iodide. The product, washed with alcohol and crystal- 
lised from chloronaphthalene, was free phthalocyanine (Found: C, 75-0; H, 3-6. Calc.: C, 
74-7; H, 35%). 4 

Calcium. A mixture of 10 g. of phthalonitrile and 10 g. of quick-lime was heated slowly 
with mechanical stirring to 275—280°. After 15 minutes the solid mass was exhaustively 
extracted with boiling alcohol and freed from lime with ice-cold hydrochloric acid. Calcium 
phthalocyanine (70% yield) remained as a dull green pigment almost without lustre. It was 
insoluble in the usual solvents and could not be sublimed (Found: C, 70-4; H, 2-9; Ca, 5-8. 
C,,H,,N,Ca requires C, 69-6; H, 2-9; Ca, 7-2%). The high carbon and low calcium figure 
indicate the presence of an impurity of the approximate composition of phthalonitrile, probably 
the insoluble polymeride previously reported (J., 1934, 1035). A mixture of 20% of C,H,N, 
and 80% of C,,H,,N,Ca requires C, 70-7; H, 2-9; Ca, 5-8%. Extraction with boiling glacial 
acetic acid, by which the polymeride is slowly dissolved, led to a gradual elimination of calcium. 
No phthalimide or phthalonitrile was eliminated from the compound by heating at 300° in a 
vacuum. The calcium content was not lowered by treatment with dilute hydrochloric acid at 
0°, but when the compound was dissolved in concentrated sulphuric acid and the solution 
poured into ice and water, phthalocyanine was precipitated. After crystallisation from chloro- 
naphthalene this had C, 74-4; H, 3-1 (Calc. : C, 74-7; H, 3-5%). The metal was also eliminated 
when the calcium compound was boiled for 6 hours with 2 vols. of 15% hydrochloric acid (Found : 
C, 74-1; H, 30%). The overall yield of phthalocyanine from phthalonitrile varied from 
60 to 68%. 

The impure calcium compound was also obtained by refluxing phthalonitrile (10 g.) for 
2 hours with a solution of 5 g. of calcium in 50 c.c. of absolute alcohol. After similar purific- 
ation the product had C, 69-6; H, 3-1; Ca, 5-4%. 

Barium. A mixture of 15 g. of phthalonitrile and 7-5 g. of anhydrous baryta was heated 
at 290° for 2 hours. The reaction was not so vigorous as in the case of quick-lime. The green 
pigment was freed from excess of nitrile with boiling alcohol but, as it was decomposed by ice- 
cold dilute hydrochloric acid, the excess of baryta could not be removed. The yield of crude 
barium compound was 16-5 g.; it was insoluble and could not be sublimed. 10 G. boiled for 
an hour with dilute hydrochloric acid yielded 7-5 g. of free phthalocyanine (overall yield, 50% 
from nitrile. Found: C, 74-3; H, 3-4%). 

Beryllium. Massive beryllium metal does not react appreciably with phthalonitrile, even 
after 3 hours’ boiling, unless it has first been etched with dilute acid, which presumably removes 
a film of oxide. Microscopic examination of a lump of metal after reaction shows definite 
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surface pitting. After 2 days a pitted sample again becomes unreactive. 20 G. of phthalo- 
nitrile were boiled gently (nitrate bath) with 3 g. of the etched metal. The melt was semi- 
solid in 30 minutes, and after an hour the product was cooled, the excess metal removed, and 
the powdered residue washed with alcohol (5-8 g.). On sublimation at about 5 mm. this gave 
a blue vapour depositing long flattened needles. The lustte appeared more blue and less 
bronze than that of the metal-free and the copper compound. The main opposite faces of 
the needle had a bluish lustre and the two less conspicuous faces a bronze lustre (Found: C, 
73-8; H, 3-5. C,,H,,.N,Be requires C, 73-7; H, 3:1%). The crystals broke up in moist air 
owing to. hydration, but less rapidly than those of the magnesium compound. Long crystals 
of beryllium phthalocyanine become curved and then hook-shaped before finally fracturing 
to a blue powder. Large crystals sometimes remain intact for as long as 5 hours. The 
dihydrate was a blue powder (Found : C, 69-3; H, 3-5; N, 20-0; Be, 1-6; increase in weight, 
6-6. C,,H,,N,Be,2H,O requires C, 68-9; H, 3-6; N, 20-1; Be, 1-6, 1-65; increase in weight, 
6-6%.) The original material was soluble to 2-8% in boiling quinoline and to nearly 1% in 
boiling pyridine. The crystals obtained from these solutions were solvated, as with the 
magnesium compound (J., 1934, 1026). On treatment with sulphuric acid and dilution in 
the usual way the beryllium compound yielded phthalocyanine. The elimination of metal was 
not complete, successive treatments yielding material with Be 0-6 and 0-3%. 

[The metal was estimated by slow ashing in an open crucible and weighing as BeO. Micro- 
determinations gave results about 0-25% too high. High ash values were also obtained by 
weighing the residue left in the boat after the macro-determinations of carbon and hydrogen. 
It was first thought that a metallic carbide or nitride was formed under these conditions, 
but a ‘‘ wet ” carbon analysis of the ash (with chromic anhydride and phosphoric acid) showed 
the absence of carbon, and a micro-Kjeldahl estimation the absence of nitrogen. The high ash 
ust be due to the presence of a stable hydroxide or peroxide.] 

Magnesium. The yield of magnesium phthalocyanine from phthalonitrile and magnesium 
was improved to 79% and the process quickened by the use of the metal in-the form of lightly 
etched turnings. The product was washed with alcohol and sublimed at 5 mm. There was 
some decomposition, but the anhydrous compound was obtained as lustrous blue needles in 20% 
yield [Found : C, 71-2 (‘‘ wet analysis”’). C,,H,,N,Mg requires C, 71-6%]. The hydration of 
crystals of the magnesium compound resembled that of the beryllium, but was almost com- 
plete in 1 hour in moist air. The product was the dihydrate (Found : C, 66-8; H, 3-3; N, 19-7; 
Mg, 4:5; increase in weight, 6-0. Calc. : C, 67-1; H, 3-5; N, 19-6; Mg, 4:3; increase in weight, 
6-3%). The following experiment proves conclusively that the increase in weight is due to 
the addition of water and not oxygen. Freshly sublimed magnesium phthalocyanine was sealed 
in an evacuated tube with two side-arms, one containing phosphoric oxide, the other connected 
to a reservoir containing water but separated from this by a thin glass diaphragm. The 
crystals remained in their original state for some days; the limb containing the phosphoric 
oxide was then sealed off and removed, and the glass diaphragm broken. Within an hour the 
crystals began to break up in the characteristic manner. 

Zinc. Phthalonitrile (10 g.) and zinc dust (1-3 g.) were heated slowly to 245°, by which 
time the melt had solidified. After 20 minutes at 260—270°, the product was cooled, ground, 
and washed with alcohol, 9-1 g. of a blue lustrous mass remaining. This sublimed in good yield, 
the sublimate of zinc phthalocyanine resembling the copper compound in appearance (Found : 
C, 66-8; H, 2-9; N, 19-5; Zn, 11-4. C,,H,,N,Zn requires C, 66-5; H, 2-8; N, 19-4; Zn, 
11-3%). 1G. of the unsublimed material was dissolved in sulphuric acid and precipitated in 
the usual manner. After having been washed with boiling water and alcohol, 1-02 g. of a dull 
green solid were obtained which turned blue and yielded sodium sulphate when boiled with 
sodium hydroxide solution. . When a similar product was washed with dilute aqueous ammonia, 
boiling water, and alcohol, blue, substantially pure zinc phthalocyanine (0-87 g.) was obtained 
(Found : C, 65-8; H, 2-8; Zn, 11-4%). 

A mixture of 10 g. of phthalonitrile and 2-7 g. of fused zinc chloride gave a purple-red melt 
at 150—210°, which turned blue at 240° and soon set to a solid, some hydrogen chloride being 
evolved. After 20 minutes at 260—270°, the mass was cooled, ground, and washed with alcohol 
(in which the pigment was slightly soluble). Yield, 9-75 g. (Found : Cl, 9-2. C,,H,,N,ClZn,HCl 
requires Cl, 10-9%). 2-5 G. of this product were dissolved in sulphuric acid (hydrogen chloride 
was evolved). The green solid precipitated by dilution was washed with alkali and water 
and dried. 2-08.G. of blue zinc chlorophthalocyanine were obtained, which could be crystallised 
from chloronaphthalene but not sublimed (Found : Cl, 4-6. C,,H,;N,ClZn requires Cl, 5-8%). 
Both this substance and zinc phthalocyanine were slightly soluble in ether. 
5s 
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Cadmium.t 10G, of phthalonitrile and 2-5 g. of cadmium filings yielded a phthalocyanine 
readily at 290°. After 2 hours, the product was boiled with alcohol, which removed nitrile 
and a pink impurity, and was freed from excess of cadmium by repeated flotation in alcohol. 
Cadmium phthalocyanine is dull green, with a purple reflex most noticeable when the substance 
is moist with organic liquids. It is insoluble in all solvents and cannot be sublimed (Found : 
C, 62-2; H, 2-5; Cd, 17-6. C,,H,.N,Cd requires C, 61-6; H, 2-6; Cd, 18-0%). On treat- 
ment with sulphuric acid it yields free phthalocyanine (Found: C, 74:5; H, 3-5%). 

Nickel. Phthalonitrile yielded a phthalocyanine (not yet examined) when heated with 
nickel chloride. 30 G. of o-cyanobenzamide were heated in a nitrate bath with 6 g. of nickel 
foil previously etched with hydrochloric acid. After 3 hours at 270°, the mass was semi-solid 
and no more ammonia was evolved. The product was cooled, freed from excess of metal, 
ground, freed from phthalimide with warm 20% sodium hydroxide solution (overnight), and 
washed with water and boiling alcohol. Yield, 6—8 g. of lustrous crystals. Sublimation gave 
pure nickel phthalocyanine in needles with an extremely bright red lustre. The powder is 
dull greenish-blue (Found: C, 67:°3*; H, 3:0*; N, 19-6*; Ni, 10-5, 10-5. C,,H,,N,Ni 
requires C, 67-3; H, 2-8; N, 19-6; Ni, 10-3%). The unsublimed material passed substantially 
unchanged through sulphuric acid (Recovery, 92%. Found: C, 66-7; H, 3-0; Ni, 95%). 
(For the determination of nickel, the compound (0-15 g.) was destroyed by the action of 1 c.c. 
each of concentrated nitric and sulphuric acids; the solution was diluted, nearly neutralised 
with sodium hydroxide, and the nickel estimated with ammoniacal dimethylglyoxime in the 
usual way.] 

Cobalt. 10G. of phthalonitrile and 3 g. of etched massive cobalt were refluxed for 4 hours. 
The product was cooled, freed from metal, boiled with alcohol, and dried (30% yield). Cobalt 
phthalocyanine was unusually soluble in quinoline and chloronaphthalene, giving green-blue 
solutions, and crystallised readily from pyridine in blue micro-crystals containing combined 
pyridine, which were washed with ether and dried at 100° (Found: C, 67-1; H, 2:8; N, 18-8; 
Co, 10-4. C,,H,,N,Co requires C, 67-3; H, 2-8; N, 19-6; Co, 103%). This sublimed to 
beautiful blue needles with a reddish-purple lustre (Found: C, 66-7; H, 2-7%). It gave a 
dark green solution in sulphuric acid, from which it was precipitated unchanged by dilution 
(Recovery, 70%. Found: C, 66-9; H, 2:8; N, 199%). Material which had been treated 
with sulphuric acid was oxidised quantitatively with ceric sulphate, 1 g.-mol. requiring 1-50, 
1-49 g.-atoms of oxygen. Oxidation with boiling nitric acid yielded phthalimide, m. p. 230°. 

The same product was obtained from o-cyanobenzamide and etched cobalt metal, but the 
reaction between phthalonitrile and tricobalt tetroxide appeared less satisfactory. 

10-2 G. of phthalonitrile were heated to 200° with 2-6 g. of anhydrous cobalt chloride. 
Pigment was at once formed, the temperature rose rapidly to 250°, and hydrogen chloride was 
evolved. When the melt had solidified, it was cooled, broken up, and boiled with alcohol. 
Yield, 85% of a blue powder with a purple lustre, giving green-blue solutions in quinoline and 
chloronaphthalene and a deep blue solution in pyridine. 3 G. were extracted during 6 hours 
with 80 c.c. of chloronaphthalene. The solution deposited cobalt chlorophthalocyanine (2 g.) 
in long blue needles with a purple lustre (Found: C, 63-2; H, 2-2; Cl, 6-1. C3,H,,;N,ClCo 
requires C, 63-4; H, 2-5; Cl, 5-9%). Crystallisation from pyridine gave a solvated product. 
Oxidation of the pure compound with boiling nitric acid gave a mixture of imides containing 
chlorine and melting indefinitely at 200—210°. The mother-liquor gave no reaction for chloride. 
(Analyses for cobalt were carried out by ashing with nitric acid, then with sulphuric acid, 
heating to dull redness, and weighing as CoSQ,.) 

Lead. 10G. of pure litharge were added in small portions to 20 g. of phthalonitrile at 200°. 
The mixture frothed and heat was evolved after each addition so that it was advisable to remove 
the mixture from the heating bath in the early stages. After the addition, heating was con- 
tinued for 10 minutes anu the hard mass was cooled, ground, and washed thoroughly with 
alcohol. Yield, 29 g. containing about 2 g. of litharge. Lead phthalocyanine could be purified 
by crystallisation from quinoline (Found: £, 53-3; H, 2-2; Pb, 29-2%) or by sublimation, 
which gave a green vapour. The crystals were fragmented parallelepipeds, pure green by 
transmitted light; the lustre was dark red and not so evident as that of other metallic phthalo- 
cyanines (Found : C, 53-4; H, 2-2; N, 15-9; Pb, 28-5. (C,,H,,.N,Pb requires C, 53-4; H, 2-2; 
N, 15:6; Pb, 28-8%). (The lead was determined by decomposing the compound with nitric 
and sulphuric acids and weighing as lead sulphate or by direct ashing with sulphuric acid.) 


+ Cadmium and vanadyl phthalocyanines have also been prepared by Dr. J. S. H. Davies of Imperial 
Chemical Industries, Ltd. (private communication). 
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Treatment of lead phthalocyanine with concentrated sulphuric acid in the usual way gave 
a mixture of phthalocyanine and lead sulphate, from which most of the sulphate could be 
removed with ammonium acetate solution. Extraction of the mixture with chloronaphthalene 
gave pure phthalocyanine in 65% overall yield (Found: C, 74:7; H, 3-6. Calc.: C, 74-7; 
H, 35%). When heated strongly, the mixture regenerated lead phthalocyanine, which sub- 
limed together with a little of the metal-free compound. Crystals of both types 
could be detected in the sublimate, which contained 22-7% of lead. Crystalline lead phthalo- 
cyanine (20 g.) was not apparently affected by concentrated hydrochloric acid, but the addition 
of an equal volume of water caused the crystals to turn blue immediately without altering in 
form. The elimination of metal was completed by warming, 14 g. of phthalocyanine being 
obtained after removal of lead chloride with boiling water. 

Treatment of lead phthalocyanine at room temperature for a minute with dilute nitric 
acid (1:1) gave a blue product, from which only free phthalocyanine could be obtained by 
sublimation. A 25% yield of phthalocyanine could be obtained by successive treatments of 
the lead compound, contained in a Gooch crucible, with a little concentrated nitric acid, the 
acid being drawn rapidly by means of a pump into a large volume of water. The nitric acid 
solution was purple; the precipitate obtained on dilution was first purple, but rapidly changed 
to the blue of phthalocyanine. When moist nitrogen peroxide was passed over lead phthalo- 
cyanine, a similar purple product was formed which subsequently changed to blue. We hope 
to examine these intermediate products further. 

Aluminium. No metallic phthalocyanine was formed by the action of aluminium on 
phthalocyanine in boiling quinoline. 

A mixture of 20 g. (4:8 mols.) of phthalonitrile and 5 g. (1 mol.) of crushed aluminium chloride 
was heated slowly in a bath to 250°; a sudden reaction then occurred. The internal temperature 
rose to 300° and the melt solidified and evolved hydrogen chloride. (In a controlled experiment 
this was led by a current of nitrogen into silver nitrate and was found to be equivalent to 0-8 
g.-atom of chlorine per g.-mol. of phthalocyanine formed.) The product was cooled, ground, 
and washed with benzene. Yield, 20-3 g. 8 G. were crystallised from 400 c.c. of chloro- 
naphthalene, which deposited 5-0 g. of chloroaluminium chlorophthalocyanine as a hygroscopic 
blue powder. Samples once and twice crystallised severally and dried at 115° were 
analysed [Found: (i) C, 59-4; H, 2-9; N, 17-4; Al, 4-4. (ii) C, 59-7; H, 2-9; N, 17-3. 
C3,H,,N,Cl:AICI,2H,O requires C, 59-6; H, 2-9; N, 17-4; Al, 4:2%]. The total chlorine was 
determined by the Liebig lime method; the “‘ labile ’’ (non-nuclear) chlorine by oxidation with 
ceric sulphate, filtration of the imides and estimation of the chloride in the filtrate gravimetric- 
ally (Found : total Cl, 11-5; labile Cl, 5-7, 6-1. Calc., 11-0 and 5-5% respectively). Oxidation 
with nitric and sulphuric acids gave a mixture of phthalimide and a chlorophthalimide, m. p. 
about 205°, and chloride ion. 

Chloroaluminium chlorophthalocyanine was soluble in absolute alcohol (1-6% at room 
temperature) and also in pyridine, chloronaphthalene, nitrobenzene, acetone and methyl 
alcohol, but was insoluble in amyl alcohol, ethyl acetate, chlorobenzene and hydrocarbons. 
Sublimation gave hard blue octahedra in poor yield. These contain labile chlorine, but the 
composition is uncertain. The dihydrate (above) took up one additional molecule of water 
from moist air at room temeprature, and lost this at 115° (Found: gain in weight, 2-3. Calc., 
2-55%). A sample dried at 260° took up 8-2% of water from moist air (3H,O requires 8-15%) 
and lost 3-1% (cale., 2-55%) of this at 115°; it then gave the analytical figures required for the 
dihydrate. The dihydrate gained in weight in a calcium chloride desiccator. 

An alcoholic solution of the compound gave a precipitate only after 5 hours with alcoholic 
silver nitrate, but addition of ammonia or alkali removed the labile chlorine and the corres- 
ponding hydroxo-compound was precipitated in a finely divided state. This substance was 
best prepared as follows: 5 G. of the chloro-compound were dissolved in sulphuric acid in the 
usual way, hydrogen chloride being evolved. Dilution gave a blue-green precipitate (3-8 g.) 
which contained sulphuric acid. Treatment of this suspension with an excess of aqueous 
ammonia yielded hydroxoaluminium chlorophthalocyanine (3-1 g.). When sodium hydroxide 
was used, the product contained sodium (Found: Na, 2:1%) removable with difficulty. The 
hydroxo-compound is blue, insoluble in the usual solvents and in hot concentrated alkali 
solution, and contains no labile chlorine (Found: C, 64-4; H, 2:7; N, 18-5, 18-6; Al, 4-7. 
C,,H,;N,Cl-AIOH requires C, 65:0; H, 2-7; N, 19-0; Al, 45%). 

Chloroaluminium phthalocyanine. 20 G. of phthalocyanine were boiled with 40 g. of 
aluminium chloride in 150 c.c. of quinoline for 20 minutes. The original greenish-blue colour 
rapidly changed to a pure blue. An equal bulk of alcohol was then added, the solution was 
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boiled and filtered, and the residue washed thoroughly with alcohol. The product, which 
contained alumina, was extracted in four 11-g. batches with the same 150 c.c. of boiling chloro- 
naphthalene. It was comparatively soluble, each extraction requiring only about 2} hours. 
Combined yield, 17-6 g. of blue octahedra (Found : C, 66-3; H, 2-8; N, 19-0; Al, 5-1%). From 
12-6 g. of this, 120 c.c. of boiling chloronaphthalene extracted 11-2 g. of analytically pure 
material in 4 hours (Found: C, 67-2; H, 2-8; Al, 5-0; Cl, 5-9. C,,H,,N,AICI requires C, 
66-9; H, 2-6; N, 19-5; Al, 4:7; Cl. 6-2%). This compound showed no tendency to hydrate 
in moist air. 

On treatment with sulphuric acid, hydrogen chloride was evolved, and dilution yielded a 
bluish-green precipitate. This was filtered off, neutralised with excess of aqueous ammonia, 
again filtered, washed with boiling alcohol, and dried at 100°. Sintered-glass funnels were 
essential for these filtrations. Hydroxoaluminium phthalocyanine (monohydrate) resembled the 
corresponding compound containing nuclear chlorine. It was blue, and insoluble in the usual 
solvents (Found : C, 66-7, 67-2; H, 3-3, 3-3; N, 19-5, 19-6; Al, 5-1, 4-8. C,,H,,N,-AIOH,H,O 
requires C, 66-8; H, 3-3; N, 19-5; Al, 4:-7%).. It was free from chlorine. Sodium hydroxide 
was taken up immediately from N/10-solution, but not in an equivalent amount. In moist 
air the monohydrate took up a further two molecules of water (Found: gain in weight, 6-1. 
Calc., 5-9%), which were lost at 100°. 

Strong heating of the monohydrate led to the sublimation of aluminium phthalocyanine 
oxide as a blue vapour depositing needles of the usual type. This showed no tendency to 
combine with water (Found : C, 70-25, 70-05; H, 2-6, 2-8; N, 20-4*; Al, 4-7. C,,H;,ON,,Al, 
requires C, 70-2; H, 2-9; N, 20-5; Al, 4-9%). 

The ash left in the boat after the combustion of all the compounds of this group approximates 
in composition to AlO-OH or Al,O,,H,O (compare the mineral diaspore) and the figures for 
aluminium given above are calculated on this basis. Thus, four combustions of hydroxo- 
aluminium chlorophthalocyanine (Calc.: Al, 4-5%) gave ashes equivalent to Al, 5-5, 5-5, 5-6 and 
5-9% if the ash were taken as Al,O,; or to Al, 4-7, 4-7, 4-7, 5-0% if the ash were AIO-OH. Three 
combustions of aluminium phthalocyanine oxide (Calc.: Al, 49%) gave ashes equivalent 
to 5-6, 5-6, 5-7 (if Al,O,) or 4-7, 4-8, 4-9 (if AIO-OH). The ash from each of the latter was treated 
with nitric acid, ignited in air, and again weighed. Each then gave a value of Al, 49% (ash 
as Al,O,), corresponding to the conversion of the oxide into the anhydrous form. Neither of 
the chloroaluminium phthalocyanines gave satisfactory figures on quantitative oxidation with 
ceric sulphate. 

Tin. A mixture of phthalonitrile (10 g.) and tin (4 g.) was heated at 300° for 3 hours, 
with mechanical stirring to keep the molten metal in contact with the nitrile. Little phthalo- 
cyanine was formed in the first 90 minutes, but the mass then rapidly thickened. The product 
was cooled, separated from the excess of metal, and exhaustively extracted with alcohol 
(Soxhlet), a 70% yield of dark blue powder being left. Extraction of this with boiling quinoline 
first removed a dark impurity, and then stannous phthalocyanine was rapidly extracted. It 
crystallised in dark blue micro-parallelepipeds with a dark violet lustre (Found: C, 60-8; 
H, 25; N, 18-1; Sn, 18-6. C,,H,,N,Sn requires C, 60-9; H, 2-5; N, 17-8; Sn, 18-8%). (Tin 
was estimated by ashing the compound with a drop of concentrated nitric acid, followed by 
ignition and weighing as stannic oxide.) The dull blue rubbing of this substance changed 
to bright green when exposed to nitrogen dioxide vapour. Vacuum sublimation gave a deep 
blue vapour, but only a skin of solid was formed and none of the usual monoclinic needles. 

The brown solution of 3 g. of stannous phthalocyanine in 50 c.c. of concentrated sulphuric 
acid was filtered on to 300 g. of pure crushed ice. A green precipitate was formed which turned 
blue on the addition of alkali. After 3 hours it was filtered off, washed free from acid, and dried. 
Recovery, 1-0 g. containing 8-5% of tin. When a solution of the tin compound in sulphuric 
acid was kept for 4 days before dilution, the elimination of metal was practically complete 
but the yield of free phthalocyanine (ash, 0-4°%) was small. 

A mixture of 10 g. of phthalonitrile and 6 g. of powdered anhydrous stannous chloride was 
heated to 210°. The melt turned green and a violent exothermic reaction occurred, the rise 
in temperature being 100°; no hydrogen chloride was evolved. The product was cooled, ground, 
and exhaustively extracted with alcohol. Yield, 90% of a green powder with a fine purple 
lustre. 3 G. were extracted with boiling quinoline (80 c.c.). The dark earlier extracts were 
rejected; the pure green solution subsequently obtained deposited dichlorotin phthalocyanine 
(1 g.) as bluish-green plates with a faint purple lustre (Found : C, 54-9; H, 2-2; N, 16-0; labile 
Cl, 9-9; Sn, 16-5. C,,H,,N,Cl,Sn requires C, 54-8; H, 2-3; N, 15-9; Cl, 10-0; Sn, 16-9%). 
[Labile chlorine was estimated as follows : a known weight (about 0-2 g.) of the finely powdered 
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pigment was boiled under reflux in an all-glass apparatus for 24 hours with a solution of 3 g. 
of potassium hydroxide (chlorine-free) in 50 c.c. of distilled water. The liquid was diluted, 
the residual pigment filtered off (52 Whatman paper), and the filtrate acidified with nitric acid. 
After a trace of silica had been filtered off, the chlorine was estimated gravimetrically.} Di- 
chlorotin phthalocyanine dissolved with decomposition in warm concentrated nitric acid; the 
solution deposited phthalimide (m. p. 230°) and the filtrate contained chlorine ions. The 
compound dissolved in concentrated sulphuric acid with evolution of hydrogen chloride. A 
green precipitate was formed on dilution which was turned blue by alkali, the metal being 
partly eliminated (Found : Sn, 12-0%). 

Phthalonitrile reacted readily with stannous iodide at 210°, the temperature rising to 270° 
and some iodine being evolved. The green product, after extraction with alcohol, appeared 
to be a mixture of stannous and di-iodotin phthalocyanine (Found: I, 25-3. C3,H,,N,I,Sn 
requires I, 29-0%). This substance lost iodine when boiled with chloronaphthalene or when 
heated alone. 

Dichlorotin phthalocyanine (4 g.) was refluxed for 24 hours with 20 g. of potassium 
hydroxide in 100 c.c. of water. The product was filtered off, washed free from alkali, and dried. 
Yield, 3-4 g. of a lustreless blue powder, free from chlorine, mainly the potassium salt of 
dihydroxotin phthalocyanine (Found: C, 51-5; H, 2-4; K, 85. Cs3,H,,0,N,K,Sn requires 
C, 51-7; H, 2-2; K, 10-8%). When this was boiled with dilute sulphuric acid, it formed a green 
sulphate, presumably impure PcSnSQ, (Found : SO,’, 9-6. Calc., 13-2%). 

Dihydroxotin phthalocyanine could not be obtained in a pure condition. When the 
dichloro-compound was heated under pressure with aqueous ammonia (d 0-88), a dark powder 
was formed which, when boiled with quinoline, yielded stannic oxide, and free phthalocyanine. 
Attempts to reduce the dichloro-compound in alkaline media led to the following colour changes : 
(i) Benzyl alcohol + sodium, faint pink changing to green, stannic oxide deposited. (ii) Ethyl 
alcohol + sodium, transitory pink changing to bright blue, decolorised by air; stannic oxide 
deposited, acidification of the filtrate gave phthalic acid (extracted with ether and identified 
as the anhydride). (iii) Sodium ethoxide and alcoholic potassium hydroxide behaved similarly. 
Stannous phthalocyanine gave a similar colour change with alcoholic potassium hydroxide, 
but the pink (magenta) intermediate stage was more clearly marked. 

A current of hydrogen was passed for 48 hours through a boiling solution of dichlorotin 
phthalocyanine (2 g.) in quinoline. The cooled solution deposited stannous phthalocyanine 
as a crystalline powder with a violet lustre (Found: C, 60-5; H, 2-3%). When hydrogen was 
passed over the dichloro-compound heated cautiously by means of a free flame, hydrogen 
chloride was evolved but the residue was partly charred. 

Chlorine, dried by means of sulphuric acid and phosphoric oxide, was passed intermittently 
over a weighed quantity of stannous phthalocyanine. After 3 days the gain in weight was 
12-7% (calc. for 2Cl, 11-1%) and the dark crystals had changed to an amorphous green powder. 
This crystallised from quinoline, in which it was moderately easily soluble, in green plates with 
a faint lustre (Found: C, 52-8; H, 2-2; labile Cl, 9-7. C3,H,;N,Cl-SnCl, requires C, 52-2; 
H, 2-0; labile Cl, 9:7%). The analysed compound is therefore essentially dichlorotin chloro- 
phthalocyanine, but the gain in weight indicates that the uncrystallised product must have 
contained some less chlorinated material. Fission of the crystallised product yielded an imide, 
m. p. 217°, containing chlorine. 

Stannic phthalocyanine. 0-5 G. of dichlorotin phthalocyanine and 0-4 g. of disodium 
phthalocyanine were refluxed in chloronaphthalene for 90 minutes. The colour changed 
rapidly to a strong dark blue. The solution was kept overnight and filtered. The insoluble 
portion (discoloured salt) was extracted with water, and yielded 0-19 g. of silver chloride (91%). 
The chloronaphthalene solution after'5 days’ standing deposited a blue crystalline solid which 
contained solvent of crystallisation. Extraction for 4 days with boiling benzene removed this 
and left stannic phthalocyanine as greenish-blue crystals (Found: C, 67-7; H, 2-9; N, 19-5; 
Sn, 10-5. C,g,H,.N,,Sn requires C, 67-2; H, 2-8; N, 19-6; Sn, 10-35%). This compound 
sublimes substantially unchanged to give a microcrystalline deposit. It is sufficiently soluble in 
benzene, xylene and pyridine to give a blue colour in the cold, but it is insoluble in ether, alcohol, 
acetone, ethyl acetate and light petroleum. Unlike the stannous compound, stannic phthalo- 
cyanine gives a normal purple colour with nitrogen dioxide. 

A mixture of 5 g. of powdered phthalocyanine, 3 g..of anhydrous stannous chloride, and 
50 c.c. of quinoline were refluxed for 12 hours. The cooled solution deposited a solid, which 
was filtered off and washed with hot alcohol, 3-5 g. of plates with a blue-green lustre being 
obtained (Found: C, 56-0; H, 2-4; Sn, 18-2%). This contained chlorine. It was boiled for 
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15 minutes with diluted aqueous ammonia, the appearance being unchanged [Found : C, 57-8; 
H, 2-5; Cl (total) 5-8%]. Crystallisation from quinoline (blue solution) gave small cubes with 
a reddish lustre (Found : C, 58-0; H, 2-5. C,,H,,N,Sn,HCl requires C, 57-5; H, 2-6; Cl, 5-3; 
Sn, 17-8%). Analysis suggests that this is stannous phthalocyanine hydrochloride or stannous 
chlorophthalocyanine. The former constitution is favoured by the method of preparation, 
the latter by the stability of the halogen. 

Free phthalocyanine did not react with boiling stannic chloride (12 hours) and reaction was 
incomplete after 5 hours at 300°, the product being blue, turned purple by nitrogen dioxide. 
5 G. of phthalocyanine were heated for 12 hours at 300° with 5 c.c. of stannic chloride and 5 c.c. 
of chloronaphthalene. Considerable pressure (hydrogen chloride) was developed in the tube. 
The green product was washed thoroughly with carbon tetrachloride and ether; crystallisation 
from quinoline then yielded pure dichlorotin phthalocyanine (Found: C, 55-0; H, 2-4; total 
Cl, 96%). The reaction between phthalocyanine and stannic chloride also appeared to be 
complete after 24 hours at 300° in the absence of a solvent, for the product was pure green and 
was not turned purple by nitrogen dioxide. 

Phthalonitrile (10 g.) was heated at 300° for 12 hours with 5 c.c. of stannic chloride. The 
product was partly crystalline but contained a brown impurity, removed by 5 days’ extraction 
with boiling alcohol. The residue was crystallised from quinoline (green solution), which yielded 
dichlorotin chlorophthalocyanine as green crystals with a purple lustre (Found: C, 52-6; H, 2-1; 
labile Cl, 9-9; total Cl, 14-7. C,,H,,N,Cl-SnCl, requires C, 52-2; H, 2-0; labile Cl, 9-7; total 
Cl, 14-4%). 

Experiments with Dimethyltin Dihalides—The method of Cahours (loc. cit.) for the prepar- 
ation of dimethyltin di-iodide was modified as follows: tin foil (18 g.) was heated with methyl 
iodide (20 c.c.) at 160° in a sealed tube for 12 hours; the metal had then almost all dissolved 
and a brown liquid and some needle crystals remained. The product distilled as a pale yellow 
liquid at 150°/8 mm. The distillation was stopped when a darker brown material began to 
pass over. The distillate solidified rapidly and, after 3 hours out of contact with air, was dried 
by means of the pump and on a porous tile. Yield, 40 g. of white crystalline solid, m. p. 42°, 
crude; 43°, after crystallisation from light petroleum. The mixture of alcohol and ether used 
by Cahours for crystallisation leads to darkening. 

The dimethylstannic oxide, obtained from 10 g. of the iodide by treatment with sufficient 
aqueous ammonia, was suspended in 25 c.c. of alcohol and a current of hydrogen chloride was 
passed until solution was complete. Evaporation left 5 g. of dimethyltin dichloride as white 
needles, m. p. 107°, identical with material prepared in poor yield by the method of Pfeiffer 
and Lehnardt (Ber., 1903, 36, 3027) and Pope and Peachey (Proc. Roy. Soc., 1903, 72,7). The 
m. p.’s of both the dimethyltin dihalides agree with those given by Pfeiffer (Z. anorg. Chem., 
1910, 68, 112), Cahours’s values being low. 

A mixture of 10 g. of phthalocyanine, 4 g. of dimethyltin dichloride and 10 c.c. of chloro- 
naphthalene was heated for 12 hours at 300°. The finely crystalline product (11 g.), after 
having been washed with ether, consisted of cubes with a steely-blue lustre and a small amount 
of material with a purple lustre. The cubes were separated by hand-picking and after being 
washed with boiling alcohol and benzene yielded dichlorotin phthalocyanine, the lustre changing 
to purple. The rubbing was green (Found: C, 55-4; H, 2-2; labile Cl, 10-0%). 

Phthalonitrile (5 g.) reacted rapidly with dimethyltin di-iodide (2 g.) at 220°, but the product 
appeared to be badly charred. A little methyl iodide but no iodine or ethane was evolved. 

Platinum. A mixture of 1-8 g. of platinous chloride and 20 g. of phthalonitrile was heated 
to 280° during 20 minutes. Pigment was first formed at about 180° and the melt began to solidify 
at 230°; some hydrogen chloride was then evolved. The cooled product was ground and 
thoroughly washed with alcohol. The recovered phthalonitrile was free from chlorine. Yield 
of residue, 4-2 g., which gave 2-75 g. of crystalline platinous phthalocyanine, blue needles with 
a bronze lustre from chloronaphthalene. It sublimed readily in small needles [Found : (for 
crystallised material) C, 54-7; H, 2-5; N, 15-9; Pt, 27-0; (for sublimed) C, 54-4; H, 2:3. 
Cy,.H,,N,Pt requires C, 54-3; H, 2-2; N, 15-8; Pt, 27-6%]. No chlorine could be detected. 
Great care was necessary in ashing this compound owing to the ease with which it sublimed. 
Platinum phthalocyanine is the most resistant member of the group towards oxidation, being 
comparatively stable to cold nitric acid. 

Phthalocyanine failed to react with reduced platinum during 28 hours in boiling quinoline, 
or with platinous chloride during 6 hours in boiling quinoline. Neither did it react when heated 
with platinous chloride alone at various temperatures from 300° to 500°. Phthalonitrile reacted 
with platinous hydroxide (19 hours, 340°) to give a 35% yield of free phthalocyanine (Found : 
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C, 74-6; H, 3-4; N, 22-0. Calc.: C, 74-7; H, 3-5; N, 218%). Heating of 3 g. of phthalo- 
nitrile with 0-25 g. of platinum (prepared by ignition of the oxide) for 45 hours at 360° produced 
some charring and a 79% yield of crystalline phthalocyanine (after extraction with boiling 
acetic acid). After sublimation, this was ash-free. 

Iron. Ferrous phthalocyanine was best prepared from o-cyanobenzamide, the reaction 
between phthalonitrile and iron being slow. 20 G. of the cyano-amide were heated at 250° for 
6 hours with 4 g. of a pure iron wire, previously etched. The cooled product was freed from 
phthalimide with concentrated sodium hydroxide solution, the excess of wire removed, and 
the product filtered off and washed with water and alcohol. Yield, 2-2 g. of lustrous crystals. 
Crystallisation from quinoline or aniline gave additive compounds, but sublimation gave long 
needles of the pure ferrous derivative. Both the colour (blue-green) and the lustre are duller 
than those of the nickel compound (Found: C, 67-4; H, 2-8; N, 19-8. C;,H,,N,Fe requires 
C, 67-6; H, 2-8; N, 19-7: Fe, 9-8%). The same substance was obtained by subliming the 
product first crystallised from quinoline, solvent of crystallisation being liberated. The 
sublimed compound was oxidised by ceric sulphate in the manner already described (J., 1934, 
1038). 0-1040, 0-1281 G. required 10-75, 13-31 c.c. of N/20 x 1-002-ceric sulphate; whence 
Fe = 9-7, 9-7% on the basis of the equation 


2(C,H,N,),Fe + 16H,O + 30 = 8C,H,O,N + Fe,0, + 8NH, 


Ferric chloride (A.R., anhydrous) reacted readily with phthalonitrile at 210°, hydrogen 
chloride being evolved and a good yield of a dark green pigment formed. Although this could 
be crystallised from chloronaphthalene, no homogeneous product could be isolated and the 
analytical figures were low for C,,H,,N,Cl-FeCl. It could not be sublimed. Ferric chloride 
reacted rapidly with phthalocyanine in boiling quinoline. Analysis indicated that the product 
was a mixture of ferrous phthalocyanine and chloroferric phthalocyanine. It was non- 
homogeneous under the microscope (Found: C, 65-1; H, 2-8; N, 18-1; Cl, 2-4; Fe, 8-9. A 
mixture of 50% FePc and 50% FePcCl requires C, 65-6; H, 2-7; N, 19-1; Cl, 2-9; Fe, 9-5%). 
The chlorine was labile to alkali. Sublimation of the mixture gave a good yield of ferrous 
phthalocyanine free from chlorine (Found: C, 66-7; H, 2-7; Fe, 9-6%). 

Manganese. (i) 30 G. of phthalonitrile and 6 g. of manganese dioxide were heated for 6 
hours at 270°. The black amorphous product was ground and washed with benzene (24-3 g.). 
Extraction of 9-2 g. in small quantities with 110 c.c. of chloronaphthalene gave a deep brown 
solution, which deposited 5-3 g. of amorphous black solid. (ii) Manganese metal reacted more 
readily with o-cyanobenzamide than with phthalonitrile. 30 G. of the cyano-amide and 8 g. 
of metallic manganese were heated for 5 hours at 270°. The product was ground and washed 
with sodium hydroxide solution and alcohol, leaving 18-5 g. of a black solid. Extraction of 
10-9 g. with 110 c.c. of chloronaphthalene during 9 hours yielded 4-9 g. of crystalline solid. 

The constitution of these products is uncertain. Both gave on sublimation a greenish- 
black vapour depositing a poor yield of manganous phthalocyanine in fine lustrous black needles 
giving a greenish-black powder (Found: C, 67:2; H, 2-8; N, 19-9. C3,H,sN,gMn requires 
C, 67-7; H, 2-8; N, 19-7; Mn, 9-7%). If the ash left in the combustion boat be taken as 
Mn,O,, the manganese content was 9-7%. Both crude products and the pure manganous 
compound gave free phthalocyanine on treatment with sulphuric acid, but the yield was com- 
paratively low (25—40%), apparently owing to fission. The free phthalocyanine gave the usual 
beautiful product on sublimation [Found : C, 74-4; H, 3-5; N, 22-2; (ash, 0-2). Calc.: C, 
74:7; H, 3-5; N, 21-8%]. 

Chromium. No chromium phthalocyanine was formed in the following experiments : 
phthalocyanine heated in boiling chloronaphthalene with metallic chromium, chromium ses- 
quioxide, phosphate, chromous acetate or with hydrated chromous or chromic chloride; phthalo- 
cyanine heated in boiling quinoline with chromous acetate or anhydrous chromic chloride; 
phthalocyanine sublimed with a mixture with chromium metal, chromium sesquioxide, and 
chromous acetate. 

Anhydrous chromic chloride, prepared by passing chlorine over the finely divided metal 
at red heat, was converted into chromous chloride by heating in a stream of dry hydrogen 
until the product was greyish-white and no more hydrogen chloride was evolved. The material 
was used as soon as possible, as it deliquesced and was oxidised in air. 

3 G. of phthalocyanine and 1 g. of chromous chloride were heated in 20 c.c. of boiling quin- 
oline for 4 hour; the liquid was then green. After standing overnight, the solid was filtered 
off, washed with alcohol (yield, 3-8 g.), and extracted with 120 c.c. of chloronaphthalene. The 
material extracted in the first 3 hours contained unchanged phthalocyanine and was rejected. 
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A further 38 hours’ extraction removed only 1-55 g. of crystalline material, which corresponded 
approximately to C,;,H,,;N,ClCr. The structure of this is uncertain. It dissolved in sulphuric 
acid with evolution of hydrogen chloride. Dilution gave a dull green solid, which after neutralis- 
ation with aqueous ammonia contained chromium but no sulphur or chlorine, and behaved on 
analysis approximately as a dihydrate or a hydroxy-monohydrate of chromium phthalocyanine. 

o-Cyanobenzamide reacted readily with anhydrous chromous or chromic chloride at 260— 
270° to give dull green compounds not yet investigated. 

Vanadium. A mixture of 2 g. of vanadium pentoxide and 10 g. of phthalonitrile was kept 
at 240—250° for 30 minutes and then cooled, powdered, and boiled with alcohol (yield, 6 g.). 
Two successive extractions and crystallisations, chloronaphthalene being used, gave vanadyl 
phthalocyanine as a microcrystalline, blue, lustreless powder (Found : C, 66-6; H, 2-8; N, 19-6; 
V, 8-5. Cs,.H,,ON,V requires C, 66-4; H, 2-8; N, 19-4; V, 8-8%). The crude product yielded 
the same substance on sublimation, cubical masses of crystals being deposited from a deep blue 
vapour (Found: C, 66-1*; H, 2-6*; N, 19-6; V, 90%). Vanadyl phthalocyanine gave an 
orange-brown solution in concentrated sulphuric acid, from which it was precipitated unchanged 
on dilution (Found : V, 9-2%). 

Boron, Silicon. 10 G. of disodium phthalocyanine were heated in a pressure tube with 
5 g. of boron trichloride. The product, after being washed with carbon tetrachloride, was 
a bright green powder and was presumably an additive compound, as after 5 minutes in the 
air of the laboratory or 2 hours in a vacuum desiccator it had changed in colour to a dull blue. 
Crystallisation of the green product from quinoline gave free phthalocyanine (Found: C, 74-7; 
H, 3-3%). Elementary boron failed to react with phthalonitrile at 300°. Phthalocyanine 
did not react with silicon tetrachloride at 300° (Found : C, 74-4; H, 3-7% in recovered material). 


We are indebted to Imperial Chemical Industries, Ltd. (Dyestuffs Group), for grants and 
gifts of chemicals. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
LONDON, S.W. 7. [Received, September 24th, 1936.] 





383. The Stereochemistry of Metallic Phthalocyanines. 


By R. P. LINsSTEAD and J. MONTEATH ROBERTSON. 


It was pointed out by Dent, Linstead, and Lowe (J., 1934, 1037) that the phthalocyanine 
molecule should lie in one plane, and that co-ordination of a metal normally exhibiting 
tetrahedral symmetry could only occur by a change either in the configuration of the 
organic portion of the molecule or in the direction of the valencies of the metal. An X-ray 
investigation of single crystals of nickel, copper, and platinum phthalocyanines showed 
that the metal atom and the four surrounding nitrogens lay in one plane (Robertson, J., 
1935, 613). The whole molecule of metal-free phthalocyanine has since been proved to be 
planar to within a few hundredths of an Angstrom unit (Robertson, this vol., p. 1195). 
X-Ray measurements have now been made on single crystals of beryllium, manganese, 
iron, and cobalt phthalocyanines. These substances are closely isomorphous with phthalo- 
cyanine and its copper and nickel derivatives. The cell measurements and crystal data 


are in the table. 
Phthalocyanine derivative. 





(Free.) Be. Mn. Fe. Co. Ni. Cu. re. 
At. no. of metal ..,... 0 + 25 26 27 28 29 78 
OF, . sivssoncdscocccecccss 19-85 21-2 20-2 20-2 20-2 19-9 19-6 23-9 
DB, Bhs Sassonsicsvetiscsvess 4-72 4-84 4-75 4:77 4-77 4-71 4-79 3-81 
Sy Ba» ecesegsnsdseronsesens 14-8 14-7 15-1 15-0 15-0 14-9 14-6 16-9 
B sdorantineeivnasbocesssoees 122-2° 121-0° 121-7° 121-6° 121-3° 121-9° 120-6° 129-6° 
Space-group ............ P2,/a P2,/a P2,/a P2,/a P2,/a P2,/a P2,/a P2,/a 
Mols. per cell............ 2 2 2 2 2 2 2 2 
Mol. symmetry ...... Centre Centre Centre Centre Centre Centre Centre Centre 
Vol. of unit cell, A.*... 1173 1293 1233 1231 1235 1186 1180 1186 
Density (calc.) ......... 1-445 1-33 1-52 1-52 1-53 1-59 1-61 1-97 
BE. .astmminavindhgecmnnepine 514 521 567 568 571 571 576 707 


Sisdécoseedooes : 536 578 580 582 584 586 684 
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A survey of the reflections from the (h0/) zones of the manganese, iron, and cobalt 
compounds was made by visual inspection of moving-film photographs, taken as nearly as 
possible under identical conditions. No difference in the intensities of corresponding 
reflections was observed, and further, they are practically identical with the intensities of 
the copper and nickel compounds already described. The atomic number of the central 
metal atom in this series varies from 25 in manganese to 29 in copper, and these atoms make 
positive contributions to the structure amplitudes, in accordance with the general 
principles previously given (idem, ibid.). Minute differences in the intensities from these 
compounds must, therefore, exist, but they are too small to be recorded. The similarity 
of the cell dimensions of these five metallic phthalocyanines shows that the over-all 
dimensions of the molecules and their relative arrangement in the crystals are practically 
identical, while the similarity of the intensities shows that the finer details of the structures, 
including all the interatomic distances and valency angles, must also be practically the same. 

Beryllium phthalocyanine is particularly interesting in view of the stereochemistry of 
the metal atom. The cell dimensions are slightly changed, the a and 6 axes being longer 
by a small but measurable amount, with a consequent increase in the molecular volume. 
The intensities of the (hO/) zone are in general very closely similar to those of metal-free 
phthalocyanine, as might be expected from the low scattering power of the beryllium atom 
(at. no. 4). A careful inspection, however, reveals a few interesting differences between the 
two compounds. The (200) plane in beryllium phthalocyanine is represented by a weak 
reflection, but in the metal-free compound it is absent even on long-exposure films. In 


beryllium phthalocyanine the (2,0,10), (2,0,11), and (601) reflections are all a little weaker, 
and the (607), (600), and (202) reflections all a little stronger, than the corresponding 
reflections from metal-free phthalocyanine. These observations can be explained by 
referring to the phase constants derived for free phthalocyanine (idem, ibid.). The (2,0,10), 
(2,0,11), and (601) structure factors are of negative sign, whereas the (607), (600), and (202) 
are positive. The small positive contribution of the beryllium atom will decrease the 
amplitude of the negative structure factors, and increase the positive—changes which can 
be seen in the above reflections, because they are all relatively weak. Such differences 
as can be observed may therefore be explained by the additional scattering from the 
beryllium atom. There is no evidence from the intensities (by visual estimate) of any 
structural change in the molecule due to the presence of the beryllium atom. 

The alteration in the cell dimensions noted above, however, shows that there is a small 
change in the relative positions of the molecules in the crystal. The nature of this change, 
and whether it is accompanied by any small change of structure, may be elucidated by 
careful measurement and Fourier analysis of the intensities from beryllium phthalocyanine, 
but in the meantime experimental difficulties prevent such work. 

From the standpoint of general stereochemistry, the most important fact which arises 
is that all the compounds have centro-symmetrical molecules. From this it follows that 
the metal atoms lie in the same plane as the four nitrogen atoms which carry them. Hence 
bivalent, 4-co-ordinate beryllium, manganese, iron, cobalt, nickel, copper, and platinum 
all exhibit planar symmetry in the crystals of their phthalocyanine derivatives. 

It is already well established that 4-co-ordinate bivalent platinum exhibits planar 
symmetry (Cox, J., 1932, 1912; Morgan and Burstall, J., 1934, 1498; Mills and Quibell, 
J., 1935, 839; Cox, Wardlaw, Webster, e¢ al., J., 1935, 459, 1475; etc.), and it appears that 
nickel frequently but not invariably occurs in the same condition (Sugden, J., 1932, 246; 
Cavell and Sugden, J., 1935, 621; Cox, Wardlaw, Webster, e¢ al., loc. cit.). The phthalo- 
cyanines of these metals are therefore normal. Copper is tetrahedral in the (cuprous) 
[Cu(CN)],’” ion, and may be so in the (cupric) derivative of benzoylpyruvic acid (Mills and 
Gotts, J., 1926, 3121). The demonstration of the planar distribution of valencies of 
quadricovalent cupric copper in the phthalocyanine derivative (loc. cit.) was followed 
almost immediately by a similar discovery for the copper derivatives of various diketones 
(Cox and Webster, J., 1935, 731), and another example has since come to light (Cox, 
Sharratt, Wardlaw, and Webster, this vol., p. 129). On the other hand, cobalt is tetra- 
hedral in the group CoCl, (Powell and Wells, J., 1935, 359), and the phthalocyanine deriv- 
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ative provides the first example of this metal exhibiting planar symmetry. As far as we 
are aware, nothing has so far been reported on the stereochemistry of 4-co-ordinate bivalent 
manganese or iron. In the 6-co-ordinate state, iron and cobalt are well known to have an 
octahedral arrangement of valencies; in the phthalocyanine derivatives, two of these 
positions become dormant, leaving a planar arrangement. 

The most remarkable result is provided by beryllium, for which a tetrahedral symmetry 
is well established by investigations of its benzoylpyruvic acid derivative (Mills and Gotts, 
loc. cit.) and of its basic acetate (Bragg and Morgan, Proc. Roy. Soc., 1923, A, 104, 437). 

Pauling’s application of wave-mechanics to stereochemistry (J. Amer. Chem. Soc., 
1931, 58, 1367) led him to expect a planar distribution of valencies only from transitional 
elements in which the electrons of the d levels were taking part in the formation of valencies. 
On this basis there is nothing remarkable in the planar arrangement found for iron, cobalt, 
manganese, and copper. That the very simple atom of beryllium, which normally contains 
no 4 electrons, should adopt a similar symmetry appears inexplicable on Pauling’s theory. 
It is true that the theoretical difficulty can be avoided by the assumption that in beryllium 
phthalocyanine the metal is combined with only two nitrogen atoms, but there seems to us 
no justification for arbitrarily differentiating between this compound and the other covalent 
metallic phthalocyanines which resemble it so closely in crystalline form. The planar 
arrangement appears to be very unstable, for the anhydrous beryllium compound readily 
forms a dihydrate even in moist air (Barrett, Dent, and Linstead, this vol., p. 1720). This 
behaviour is not paralleled by other phthalocyanines except the magnesium derivative. 

It seems highly probable that the molecules of ali other covalent metallic phthalo- 
cyanines, of the type R, Metal", will be planar. The monoclinic crystals of the zinc and 
the (anhydrous) magnesium derivative, indeed, appear to be exactly similar to those of the 
compounds discussed above. 

Our general conclusions are (i) that in the metallic phthalocyanines, and probably also 
in the corresponding porphyrins, the rigid, planar, organic portion of the molecule imposes 
its steric requirements upon the metal, and (ii) that there is more tolerance in the dis- 
tribution of valencies about 4-co-ordinate metal atoms than has hitherto been realised. 

Finally, it may be pointed out that the stereochemistry of the four zsoindole nitrogen 
atoms, which carry the metallic atoms, is novel. The three valencies from each of these 
lie in one plane and are inclined to each other at approximately 110°, 125°, and 125°. 
This is only possible owing to the peculiar ‘‘ aromatic’ behaviour of the great ring; if 
the double and single bonds had fixed positions, the third valency of the imino-nitrogen 
atoms would be inclined to the general plane. 


EXPERIMENTAL. 


Single crystals of the metallic phthalocyanines were obtained by low-pressure sublimation in 
carbon dioxide at about 550° (Barrett, Dent, and Linstead, Joc. cit.). The specimens selected 
were in the form of thin laths, with cross sections about 0-3 x 0-1 mm., and several mm. long, 
with the (001), (100), (201), and (101) faces developed. The b axes were measured by rotation 
photographs about the lath axes with Cu-Ka radiation. The other axial lengths and the 8 angles 
were obtained by analysis of moving-film photographs of the (h0/) zones of reflections, taken on 
the two-crystal spectrometer. 

Anhydrous beryllium phthalocyanine is difficult to handle on account of its hygroscopic 
nature. Some good crystals were taken directly from the sublimation apparatus and sealed up 
in thin-walled glass tubes. The lath-like crystal was then shaken to the end of the tube, which 
was touched with a small flame, causing part of the crystal to melt and fix the remainder in an 
upright position, suitable for the X-ray work. The glass walls of the tube cause extra scattering 
of the X-ray beam, and this, combined with the absorption effect, reduces the accuracy of the 
intensity observations. 


The materials were made by Dr. C. E. Dent and Dr. P. A. Barrett, to whom our best thanks 
are due. 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, LONDON, S.W. 7. 
Davy FARADAY RESEARCH LABORATORY, THE Roya. INstituTION, Lonpon, W. 1. 
[Received, September 24th, 1936.] 
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384. The Preparation of the Ten Dicyanonaphthalenes and the 
Related Naphthalenedicarboxylic Acids. 


By E. F. BRADBROOK and R. P. LINSTEAD. 


THE main object of this work was the preparation of derivatives of naphthalene from which 
substances of the type of phthalocyanine could be prepared and by means of which the 
structure of phthalocyanine could be confirmed. The dicyanonaphthalenes are also 
interesting because the acids obtained by their hydrolysis serve (more particularly in the 
form of their crystalline and low-melting methyl esters) as a set of reference substances 
for the orientation of dialkylnaphthalenes, which are of importance for the determination 
of the structure of many natural products. The present work acts as a bridge between 
these hydrocarbons and the well-known naphthylaminesulphonic acids. 

Six dicyanonaphthalenes, the 1:2-, 1:4-, 1:5-, 1:6-, 2:6-, and 2: 7-isomerides, 
were already known when the work was commenced. The usual preparative method had 
been the cyanide fusion of the salts of the appropriate naphthalenedisulphonic acid or 
chloronaphthalenesulphonic acid. The reported yields were small and our experiments 
with 1-chloronaphthalene-2-sulphonic acid and naphthalene-1 : 5-disulphonic acid con- 
firmed that these preparative methods were unsatisfactory. We have prepared all the 
dicyanonaphthalenes, except the 2 : 3-isomeride, from the alkali salts of the corresponding 
cyano-sulphonic acids by fusion with alkali ferrocyanide or cyanide.* The yields depended 
in an interesting manner on the relative positions of the two substituent groups and, 
where comparison was possible, were much better than those obtainable by the old methods. 
The cyano-sulphonic acids were prepared by the Sandmeyer reaction from the readily 
accessible naphthylaminemonosulphonic acids. 

The average yields of the nine dicyanonaphthalenes from the pure salts of the cyano- 
sulphonic acids under standardised conditions are shown in the table. The third line 
gives the yields obtained by the cyanide fusion of the crude products of the Sandmeyer 
reaction. 


DER? gactaciienipiesecnsenscsuns As%. Ssh 2:3 2:24, 32:6. 206 -22t.. 3:26.06; 2337 
Yield from purified salt............... 75 76 17 71 53 18f 313 9 42 8% 
Yield from crude salt ............00. 60 55 9 59 56 10 25 — 29 5% 


* The first number denotes the position of the cyano-group. 
+ The initial material contained inorganic impurity and probably some 1 : 7-isomeride. 
¢ The initial material contained inorganic impurity; the yield given is too low. 


The reaction appears to be governed by the following rules: (1) There is no difference 
between the ease of replacement of an «- and a B-sulpho-group by a cyano-group (compare 
the 1:2- and 2: 1-salts). (2) Reaction is favoured when the sulpho- and the cyano- 
group are separated by an even number of nuclear carbon atoms (compare the 1: 2-, 
1:4-, 1:5-, 1:7-, and 2: 6- with the 1:3-, 1:6-, 1: 8-, and 2: 7-salts). (3) When the 
two groups are separated by an even number of nuclear carbon atoms and are in the same 
ring, the reaction is independent of the number of carbon atoms (1 : 2-, 2: l- and 1: 4-); 
but when the groups are in different rings, the yields fall off (1 : 5-, 1: 7-, 2: 6-). There 
appears to be an activation of the sulpho-group by the cyano-group which is transmitted 
by means of a double bond or conjugated system of double bonds. In the present state 
of our knowledge of high-temperature reactions of this type it would be premature to define 
this more exactly. 

As 2-naphthylamine-3-sulphonic acid was not accessible, 2 : 3-dicyanonaphthalene was 
prepared from 2-amino-3-naphthoic acid. The compound C,,H;0,N, m. p. 273°, obtained 
by treating the diazotised amino-acid with potassium cuprocyanide and subliming the 
product was shown to be, not 2-cyano-3-naphthoic acid as suggested by Waldmann (J. pr. 
Chem., 1930, 128, 150), but the isomeric imide of naphthalene-2 : 3-dicarboxylic acid 


* One reaction of this type has previously been reported : Weissgerber and Kruber obtained 1 : 6-. 
dicyanonaphthalene from potassium 2-cyanonaphthalene-5-sulphonate in 25% yield (Ber., 1919, 52, 345). 
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(Freund and Fleischer, Annalen, 1913, 402, 67). The analogous conversion of 0-cyano- 
benzoic acid into phthalimide by the action of heat has been observed by Hoogewerf and 
van Dorp (Rec. trav. chim., 1892, 11, 91). When 2:3-naphthalimide was passed over 
thoria at 490° in a current of ammonia, it yielded 2 : 3-dicyanonaphthalene (compare 
Reid and collaborators, J. Amer. Chem. Soc., 1916, 38, 2128; 1931, 53, 321). 

The melting points of the nitriles and the methyl esters obtained from them in the usual 
way are tabulated below : 


MMIII adc nisinbniditnustbinkeiiesinian Bee 82S Ace Eth. 2:6 Bes 2G. S:3 228. 222 
is Bh GND titundcecvucncesscacee 190° 179° 208° 263° 211° 167° 232° 251° 293° 267° 
M. p. of methyl ester  .........ce0e0e 85° 67° 119° 98° 90° 104° 47° 186° 135° 


Where comparison is possible, these figures are in substantial agreement with those 
in the literature. Ruzicka and van Melsen (Helv. Chim. Acta, 1931, 14, 404) gave m. p. 
86—87° for the methyl] ester of the 1 : 7-acid prepared from 1-methyl-7-ethylnaphthalene 
(Harvey, Heilbron, and Wilkinson, J., 1930, 423). The figure given above confirms the 
orientation of this hydrocarbon. Darmstaedter and Wichelhaus (Amnalen, 1869, 152, 
307) prepared four dicyanonaphthalenes of uncertain orientation. The first, m. p. 204°, 
was obtained by cyanide fusion of the monosulphonic acid prepared by sulphonating 
a-bromonaphthalene. Weissgerber and Kruber (loc. cit.) have suggested that this is 
identical with their 1 : 6-dicyanonaphthalene, m. p. 209°, but the 6-sulphonation implied 
is unacceptable and the present work confirms that this dinitrile and the parent bromo- 
sulphonic acid have the 1 : 4-orientation adopted in Beilstein’s “‘ Handbuch.” From the 
melting points of the other dinitriles of Darmstaedter and Wichelhaus and on general 
grounds we think it probable that (1) the acid obtained by the bromination of naphthalene- 
a-sulphonic acid, which gives a dinitrile, m. p. 236°, is crude 5-bromonaphthalene-1- 
sulphonic acid; (2) the corresponding bromo-acid from naphthalene-$-sulphonic acid 
(dinitrile, m. p. 170°) is a mixture of 5- and 8-bromonaphthalene-2-sulphonic acids, mainly 
the latter; (3) the dinitrile, m. p. 262° from Darmstaedter and Wichelhaus’s naphthalene- 
disulphonic acid (prepared in an unspecified way) is the 1 : 5-isomeride. 

The present work makes naphthalene-l : 2-, -1 : 4-, -1 : 5- and -2 : 6-dicarboxylic acids 
comparatively accessible for synthetic purposes. 

Experiments on the conversion of the dicyanonaphthalenes into benzphthalocyanines 
are described in the following paper. 


EXPERIMENTAL. 


1 : 2-Series.—(1) Commercial sodium 1-naphthylamine-2-sulphonate gave as good results 
as material purified through the calcium salt (Erdmann, Amnalen, 1893, 275, 226). There was 
no detectable contamination by the 1 : 4-isomeride. The moist diazo-compound (Cleve, Ber., 
1892, 25, 2475) from 85 g. of the salt was added during 45 minutes to a stirred solution of 108 g. 
of copper sulphate and 117 g. of potassium cyanide in 650 c.c. of water at 50—60°. After a 
further 30 minutes at this temperature, 45 g. of sodium chloride were added, the sodium 1- 
cyanonaphthalene-2-sulphonate (A) was filtered off from the cooled solution and dissolved in 
very dilute hydrochloric acid, and the potassium salt precipitated by the addition of potassium 
chloride. This formed pinkish plates from alcohol. Yield, 57 g. (64%) (compare Friedlander 
and Woroschzoff, Annalen, 1912, 338, 7). 

After many preliminary experiments the following general process was used for the cyanide 
fusion of this salt and its isomerides (compare Brit. Pat. 436,661). A mixture of 25 g. of the 
cyano-sulphonate and 40 g. of anhydrous potassium ferrocyanide (ca. 5 equivs.) was contained 
in the central portion of a tube of Pyrex glass, 24” by 14”, enclosed in an electric furnace 12” 
long. One end of the tube was connected to a‘source of carbon dioxide, the other to a receiver, 
manometer and pump. The tube sloped very slightly towards the receiver. A slow stream 
of carbon dioxide was passed, the pressure reduced to about 40 mm., and the temperature 
raised slowly until a sublimate of dicyanonaphthalene appeared on the cold part of the tube. 
The temperature was gradually raised as the rate of formation of the product decreased and the 
process was generally complete in 1—2 hours. The dicyanonaphthalene sublimed in an almost 
pure condition and no more could be isolated by reheating the residue or extracting it with 
benzene. The success of the reaction depended upon the efficient transmission of heat through 
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the mass. In the 1 : 2-series a 10 g. batch gave the best yield (75%) and this diminished with 
batches above 25 g. Addition of metal turnings to conduct the heat led to a slight decrease 
in the yield, as some pigment of the phthalocyanine type was formed. The reaction occurred 
at 320—370° with the 1 : 2-cyano-sulphonate and most of its isomerides. Anhydrous sodium 
and potassium ferrocyanide and sodium cyanide were about equal as reagents; potassium 
cyanide reacted equally well but at a higher temperature, probably owing to the difference in 
fusion points. The use of a eutectic mixture of cyanides and the preheating of the carbon 
dioxide were without advantage. Potassium thiocyanate was unsuitable both as a reagent 
and asa flux. If potassium ferrocyanide was used in slight excess, the reaction did not proceed 
so readily but the yield was unaffected; a large excess was without advantage. The ferro- 
cyanide was conveniently dehydrated in the same apparatus at 200°. 

Sodium cyanonaphthalenesulphonates were equivalent to the potassium salts. The crude 
product from the Sandmeyer reaction (such as A above) could be used with advantage for 
preparative purposes. The overall yield of 1 : 2-dicyanonaphthalene from sodium 1-naphthyl- 
amine-2-sulphonate was constant at ca. 50% irrespective of the purification of the intermediate. 

(2) 200 G. of commercial Tobias acid (2-naphthylamine-l-sulphonic acid) were suspended 
in hot water and neutralised with sodium carbonate, and the solution filtered, acidified, and 
cooled. The precipitated acid was crystallised from water, just neutralised with sodium 
hydroxide, and cooled. §-Naphthylamine was filtered off, and the salt of the amino-acid in 
the filtrate diazotised either by the method used for naphthionic acid by Erdmann (Amnalen, 
1888, 247, 329) or by that of Cleve (loc. cit.). The diazo-compound was converted into sodium 
2-cyanonaphthalene-1-sulphonate by the method already described. Yield, 92% of crude salt, 
which formed white platelets from alcohol (charcoal) (Found: N, 5-5. C,,H,O,NSNa requires 
N, 55%). The yield of dinitrile from the pure salt was 76% at 320—390°, one batch of 10 g. 
gave an 84% yield, and the crude Sandmeyer product one of 56%. 

Both these preparations gave the same product, which was also identical with that prepared 
from potassium 1-chloronaphthalene-2-sulphonate (Cleve, Joc. cit.). With the technique 
described above, our yields by the last method were about 30%; like Cook (J., 1932, 456), 
we were unable to obtain the 50% claimed by Waldmann (J. pr. Chem., 1930, 128, 127). 1: 2- 
Dicyanonaphthalene crystallised in white needles, m. p. 190°, from glacial acetic acid, alcohol 
or petroleum. 

5 G. were refluxed for 1} hours with 70 c.c. of glacial acetic acid, 60 c.c. of concentrated 
sulphuric acid, and 40 c.c. of water (compare Kay and Morton, J., 1914, 105, 1571). The 
solution was cooled and poured into water. Naphthalene-1 : 2-dicarboxylic acid was filtered 
off and purified by dissolution in sodium carbonate solution, reprecipitation, and crystallisation 
from water; m. p. 175°, yield 71—74%. The anhydride was readily formed by warming 
the acid (10 g.) with 10 g. of phosphorus pentachloride in 100 c.c. of phosphorus oxychloride 
until no more hydrogen chloride was evolved. The product was poured into water and filtered, 
and the anhydride extracted from the residue with benzene. Yield 85%, m. p. 168°, identical 
with material prepared by Cleve’s method (loc. cit.). When the anhydride was fused with half 
its weight of urea, it gave an almost quantitative yield of 1 : 2-naphthalimide, which sublimed 
in long yellow needles, m. p. 224°, identical with that prepared, following Cleve, from the 
diamide. The methyl ester, prepared via the silver salt, had m. p. 85°, in agreement with 
Kruber (Ber., 1932, 65, 1382). Methylation of the acid with methyl sulphate in sodium 
hydroxide solution gave the methyl hydrogen ester, m. p. 145° (Found: C, 67-6; H, 4-4. 
C13H,,O, requires C, 67-8; H, 4:4%). This was also formed by boiling the anhydride with 
methyl alcohol for a few minutes. : 

In the following account we shall indicate only those details in which the preparations 
differed from those of the 1 : 2-series.* 

1 : 3-Series.—100 G. of commercial 1-aminonaphthalene-3 : 8-disulphonic acid (c-acid) 
yielded 29 g. of pure 1-aminonaphthalene-3-sulphonic acid (Found: N, 6-3. Calc.: N, 6:3%) 
when reduced by Friedlander and Lucht’s method (Ber., 1893, 26, 3032). The method of Kalle 
and Co. (D.R.-P. 64979) was less satisfactory. 

Diazotisation followed Royle and Schedler (J., 1923, 123, 1641). The yield of crude sodium 
1-cyanonaphthalene-3-sulphonate from the Sandmeyer reaction was 100%, 88%. This was 
difficult to purify. The best method was extraction (Soxhlet) with methyl alcohol, precipitation 
with ether, and crystallisation from ethyl alcohol (Found: N, 5-9. C,,;H,O,;NSNa requires 
N, 55%). The yield of 1: 3-dicyanonaphthalene at 390—400°/100 mm. was 16%, 19% from 


* For additional details, see E. F. Bradbrook, Ph.D. Thesis, London (1935). 
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pure and 9%, 10% from crude sodium cyano-sulphonate. The product crystallised from acetic 
acid or alcohol in yellow needles. After sublimation and crystallisation from acetic acid it 
formed white needles, m. p. 179° (Found: C, 80-7; H, 3-4; N, 15-9. C,,H,N, requires C, 
80-9; H, 3-4; N, 15-7%). : 

2-5 G. were heated under reflux for 1 hour with 50 c.c. of glacial acetic acid, 10 c.c. of water, 
and 50 c.c. of concentrated sulphuric acid and the naphthalene-1 : 3-dicarboxylic acid was 
isolated and purified in the same way as the 1: 2-acid. Yield, 86% of a pale yellow, amorphous 
solid, m. p. 267—268°. 

1 : 4-Series.—1-Naphthylamine-4-sulphonic acid was diazotised, following Erdmann (loc. 
cit.). The Sandmeyer reaction yielded 67% of crude sodium 1-cyanonaphthalene-4-sulphonate 
(A) as pinkish plates very soluble in water. [If potassium chloride were used in the final salting 
out, a yield of 81% of crude potassium salt (B) was obtained.] The sodium salt was dissolved 
in hot water, the solution made just acid with hydrochloric acid, and a slight excess of potassium 
carbonate added. Potassium 1-cyanonaphthalene-4-sulphonate was salted out from the filtered 
solution by the addition of potassium chloride. It separated from water in small buff crystals 
(Found: N, 5-4. C,,H,O,;NSK requires N, 5-2%). When fused with potassium ferrocyanide 
at 320—360°/100 mm., the pure potassium salt gave 71% of 1 : 4-dicyanonaphthalene, the crude 
potassium salt (B) gave 50%, and the crude sodium salt (A) gave 59%. The dinitrile crystallised 
from alcohol (charcoal) in long colourless needles, m. p. 208° (Scholl and Neumann, Ber., 1922, 
55, 109, give m. p. 206°). 

Hydrolysis yielded 94% of naphthalene-1 : 4-dicarboxylic acid, m. p. above 300°. The 
methyl ester, obtained from the silver salt, crystallised from dilute acetic acid in long white 
needles, m. p. 67° (Mayer and Sieglitz, Ber., 1922, 55, 120, give m. p. 64°). 

1 : 5-Series.—Naphthalene-1 : 5-disulphonic acid was purified by Fierz-David’s method 
(Helv. Chim. Acta, 1923, 6, 1133). Its barium salt gave 21%, and its sodium salt 12%, of 
1 ; 5-dicyanonaphthalene when fused with potassium ferrocyanide at 450—580°/50—100 mm. 

400 G. of commercial i-naphthylamine-5-sulphonic acid (Laurent’s acid) in 3 1. of hot water 
were neutralised with sodium carbonate, and the solution filtered and acidified. The pre- 
cipitated acid was filtered off, washed with hot water, suspended in cold water, and just neu- 
tralised with sodium hydroxide. A small amount of sodium 1-naphthylamine-8-sulphonate 
was removed by filtration, and the filtrate boiled with charcoal and evaporated to dryness. 
The residual salt was diazotised by Erdmann’s method (/oc. cit.); the damp diazo-compound 
yielded 65% of crude sodium 1-cyanonaphthalene-5-sulphonate, which formed white needles 
from alcohol (Found: N, 5-6. C,,H,O,NSNa requires N, 5-5%). The yield of 1 : 5-dicyano- 
naphthalene was 53% from the pure salt (?) and 56—57% from the crude salt at 330—420° 
and 40 mm. pressure. It crystallised from glacial acetic acid in white needles, m. p. 262°, not 
raised by further crystallisation (Scholl and Neumann, /oc. cit., give 260°; Moro, Gazzetta, 
1896, 26, 92, gives 266°). Hydrolysis yielded 76% of the dicarboxylic acid (m. p. above 300°). 
The methyl ester crystallised from dilute ethyl alcohol in fine long needles, m. p. 119° (Moro, 
114—115°; Radcliffe and Short, J., 1931, 220, 113—114°). 

1 : 6-Series.—Erdmann (Annalen, 1893, 275, 210) states that 1 1. of boiling methyl alcohol 
dissolves 0-9 g. of calcium 1l-naphthylamine-6-sulphonate and 13 g. of the 1 : 7-isomeride. 
Commercial Cleve’s acid (1 : 6-, 1: 7-, and a little 1 : 3-) was neutralised mainly with calcium 
hydroxide and completely with calcium carbonate. The excess of carbonate was removed, 
and the solution evaporated to dryness. 100 G. of the calcium salt were extracted (Soxhlet) 
with 1} 1. of boiling methyl alcohol, until about 5 g. of solid separated from the extract. The 
extract was filtered and evaporated to dryness, 20 g. of calcium salt, containing mainly the 
1: 7-isomeride, being obtained (A). The residue in the extractor was extracted with fresh 
methyl alcohol for the same time and finally boiled with 500 c.c. of methyl alcohol to free it 
completely from the 1: 7-salt. These extracts were rejected. The calcium salt of the 1 : 6- 
acid so obtained, treated in the manner described for the 1 : 2-isomeride, yielded 88% of crude 
sodium 1-cyanonaphthalene-6-sulphonate. ,The Sandmeyer product contained inorganic 
matter (cuprous cyanide ?) which could not be removed by crystallisation but was partly 
eliminated by continuous extraction with methyl alcohol, in which the cyano-sulphonate was 
more soluble. 

Commercial 1-naphthylamine-6-sulphonic acid was suspended in hot water and neutralised 
with sodium carbonate, and the solution filtered and acidified with hydrochloric acid. The 
acid which crystallised from the cold solution (100% by titration with standard sodium nitrite) 
was converted into potassium 1-cyanonaphthalene-6-sulphonate in the usual way. This also 
contained inorganic impurity and was partly purified as before. 
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On fusion with potassium ferrocyanide at 340—390°/90 mm. the cyano-sulphonate from 
the calcium salt gave an 11% yield of dicyanonaphthalene, that from the commercial acid an 
18% yield. Neither product was the pure 1 : 6-isomeride and the separation described above 
was therefore incomplete. Crystallisation from alcohol gave material of m. p. 165—175°; 
this was extracted with boiling petroleum, and the residue crystallised from glacial acetic acid 
and sublimed. Pure 1: 6-dicyanonaphthalene was then obtained as white needles, m. p. 
211° (Weissgerber and Kruber, /oc. cit., 208—210°). A small amount of what appeared to be 
crude 1 ; 3-isomeride was obtained from the mother-liquors. 

Methyl naphthalene-1 : 6-dicarboxylate formed white needles from dilute alcohol, m. p. 
97—98° (Meyer and Bernhauer, Monaish., 1929, 53, 721, 98°). 

1 : 7-Series.—120 G. of crude calcium 1-naphthylamine-7-sulphonate [such as (A) above] 
were extracted with boiling methyl alcohol until only about 20 g. remained. The extract 
yielded, after repetition of this procedure, 90 g. of practically pure 1 : 7-salt, which gave 67 g. 
of crude sodium 1l-cyanonaphthalene-7-sulphonate, contaminated with inorganic impurity. 
It was partly purified by extraction with alcohol (sample a). 

A solution of 200 g. of commercial sodium 1-naphthylamine-7-sulphonate in 2 1. of hot 
water was filtered and acidified with hydrochloric acid. The acid which crystallised on cooling 
was 99% pure by titration with sodium nitrite. 200 G. yielded 170 g. of crude sodium 1-cyano- 
naphthalene-7-sulphonate (sample b). 

Samples a and 6 of this salt gave 19% and 30% yields respectively of 1 : 7-dicyanonaphthalene 
when fused with potassium ferrocyanide at 340—450°/50 mm. Unlike the 1: 6-dinitrile, 
both products were practically free from isomeric impurity. 1: 7-Dicyanonaphthalene 
crystallised from alcohol, dilute acetic acid, or light petroleum (b. p. 80—100°) in white needles, 
m. p. 167° (Found: C, 81-1; H, 3-5; N, 15-8. C,,H,N, requires C, 80-9; H, 3-4; N, 15-7%). 
It gave a 98% yield of the corresponding acid, the methyl ester of which crystallised from dilute 
alcohol in white plates, m. p. 90° (cf. Ruzicka and van Melsen, Joc. cit.). 

1 : 8-Sevies.—1-Naphthylamine-8-sulphonic acid (peri-acid) yielded 77% of crude sodium 
1-cyanonaphthalene-8-sulphonate. This contained a persistent red impurity, which was removed 
by repeated crystallisation from a little water, the solution being decolorised with zinc dust 
and acetic acid (Found: N, 5-3. C,,H,O,;NSNa requires N, 5-5%). The pure salt gave a 
9% yield of 1 : 8-dicyanonaphthalene at 360—400°/80 mm. The dinitrile was best purified by 
sublimation, followed by crystallisation from alcohol, which yielded white needles, m. p. 232° 
(Found: C, 81-2; H, 3-6; N, 15-6. C,,.H,N, requires C, 80-9; H, 3-4; N, 15-7%). 

The dinitrile was obtained in rather better yield * by fusing recrystallised potassium 1- 
cyanonaphthalene-8-sulphonate with an equal weight of dry potassium cyanide for 1 hour at 
400°/30 mm. The yield of crude dinitrile was 27% ; m. p. 230° after successive crystallisations 
from alcohol and petroleum (b. p. 100—120°). 

On hydrolysis with warm sulphuric acid the dinitrile yielded naphthalic anhydride (long 
needles from alcohol, m. p. 262°). Methyl naphthalate, made by means of methyl sulphate, 
formed long needles from dilute methyl alcohol, m. p. 104° (lit., 102—104°). 

2: 6-Series.—Sodium 2-naphthylamine-6-sulphonate (100 g., made from commercial 
Brénner’s acid) was suspended in 500 c.c. of water and treated successively with 225 c.c. of 
concentrated hydrochloric acid and a solution of 30 g. of sodium nitrite in 250 c.c. of water. 
This diazo-compound was more soluble than its isomerides and the entire liquor from the 
above was therefore neutralised with sodium carbonate and treated with cuprocyanide solution 
from 125 g. of copper sulphate and 132 g. of potassium cyanide in 1 1. of water. The addition 
of 400 g. of sodium chloride liberated crude sodium 2-cyanonaphthalene-6-sulphonate (65%), 
which formed slightly pink plates from water (charcoal) (Found: N, 5-5. C,,;H,O,NSNa 
requires N, 5-5%). The yields of dicyanonaphthalene were 42% from the pure salt and 29% 
from the crude at 350—450°/50 mm. 2: 6-Dicyanonaphthalene crystallised from acetic acid 
(charcoal) in white needles, m. p. 293° (Ebert and Mertz, Ber., 1876, 9, 604, give m. p. 297°). 
The acid obtained on hydrolysis (91% yield, m. p. above 300°), gave through the silver salt a 
methyl ester, which formed plates from alcohol, m. p. 186° (lit., 187—191°). 

2: 7-Series.—Sodium 2-naphthylamine-7-sulphonate (from amino-F-acid), diazotised accord- 
ing to Butler and Royle (J., 1923, 128, 1649), yielded 80% of crude sodium 2-cyanonaphthalene- 
7-sulphonate, which crystallised from concentrated aqueous solution, in the presence of a little 
zinc and acetic acid, in pale yellow needles (Found: N, 5-5. C,,H,O,;NSNa requires N, 5-5%). 
2: 7-Dicyanonaphthalene was obtained in 7-5% yield from the pure, and 5% yield from the 


* This experiment was carried out by Dr. A. R. Lowe. 
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crude salt at 350—400°/35 mm. After sublimation it crystallised from glacial acetic acid in 
white needles, m. p. 267°, in agreement with Ebert and Mertz (loc. cit.). The methyl ester of 
the corresponding acid formed long needles from methyl] alcohol, m. p. 135°, in agreement with 
Kaufler and Thien (Ber., 1907, 40, 3258). 

2: 3-Series (with A. R. Lowe).—Commercial 2-amino-3-naphthoic acid, purified through 
the hydrochloride, was diazotised and treated by the Sandmeyer reaction following Waldmann 
(Joc. cit.). The product after sublimation had m. p. 273° alone or mixed with 2 : 3-naphthalimide 
prepared by fusing 2 : 3-naphthalic anhydride with urea (Freund and Fleischer, Joc. cit., give 
m. p. 275° for this imide). 2: 3-Naphthalimide was sublimed in a rapid stream of ammonia 
through a hard-glass tube containing thoria electrically heated to 490°. The neutral product 
was freed from imide and anhydride with caustic alkali and crystallised from alcohol. 2: 3- 
Dicyanonaphthalene crystallised in shining white needles, m. p. 251° (Found: C, 80-7; H, 3-6; 
N, 15:8. C,,H,N, requires C, 80-9; H, 3-4; N, 15-7%). Naphthalene-2 : 3-dicarboxylic acid 
yielded through the silver salt the methyl ester, which formed large plates on evaporation of 
its solution in ether—light petroleum, m. p. 47° (Found: C, 69-3; H, 4-9. C,,H,,0, requires 
C, 68-9; H, 49%). 
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chemicals. 
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385. Phthalocyanines. Part VIII. 1: 2-Naphthalocyanines. 
By E. F. BRADBROOK and R. P. LINSTEAD. 


THE ten dicyanonaphthalenes (preceding paper) have been tested for their ability to 
form compounds of the phthalocyanine series. The tests (p. 1746) include treatment with 
various metals, metallic oxides and chlorides. 1 : 2-and 2 : 3-Dicyanonaphthalene combine 
readily with a number of metallic reagents to yield green colouring matters; the other 
isomerides show no reaction whatever. The green compounds derived from 1 : 2-dicy- 
anonaphthalene are of the phthalocyanine type and the behaviour of its isomerides thus 
verifies the statement that ‘‘the two nitrile groups participating in phthalocyanine 
formation must be linked to adjacent carbon atoms of an aromatic nucleus’”’ (Dent, 
Linstead, and Lowe, J., 1934, 1034). It is of particular interest that 1 : 8-dicyanonaphth- 
alene yields no such compounds, although the corresponding acid resembles phthalic acid 
in many respects. It is, however, impossible for this dinitrile to yield a compound of the 
type of phthalocyanine, on the basis of the formula proposed for the latter (/oc. cit.). 

Owing to the comparative inaccessibility of 2 : 3-dicyanonaphthalene we have confined 
our attention to the 1 : 2-isomeride. The parent acid being regarded as 1 : 2-naphthalic 
acid, the derived pigments are conveniently named 1 : 2-naphthalocyanines, more strictly 
tetra-3 : 4-benzphthalocyanines (see I). Preliminary experiments with a number of 
metals showed that the copper, magnesium, zinc, and lead derivatives were very easily 
formed.* Copper and zinc react with 1 : 2-dicyanonaphthalene at 270—300°, 7.¢., a rather 
higher temperature than that necessary for the corresponding reaction with phthalonitrile. 
The reaction is exothermic, but less so than in the simpler series. Magnesium reacts only 
at the boiling point of the nitrile (370°). The lead derivative is prepared from litharge 
and the dinittile, like the corresponding phthalocyanine. The products are obtained in 
good yields as rather dark green masses with a purple to blue lustre; there is no appreciable 
side reaction. 

The metallic naphthalocyanines show little tendency to sublime, probably on account 
of their very large molecular weight, but can be purified by crystallisation from suitable 
high-boiling solvents. They are rather more soluble than the phthalocyanines, but, unlike 
the latter, do not crystallise well. Magnesium 1: 2-naphthalocyanine is exceptional ; 


* Our thanks are due to Dr. A. R. Lowe for carrying out a number of preliminary experiments in 
both the 1 ; 2- and the 2 : 3-series. 
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two isomeric forms have been isolated, one of which («-form) is freely soluble in cold ether 





1 in 





r of and has been obtained macrocrystalline. 

vith Analysis of the purified metallic compounds shows them to have the general formula 
(CygHgN,),M, where M is a bivalent metal. The compounds are therefore simply related 

ugh to the known metallic phthalocyanines (C,H,N,),M, in agreement with the close resemblance 

— between their physical and chemical properties. 

lide The stability of the metals towards concentrated sulphuric acid is also analogous. 

_ Zinc and copper naphthalocyanines give purple solutions which regenerate the unchanged 

nia ° . ° 

ie compounds on dilution. On the other hand the lead and «-magnesium compounds are 

- 3. decomposed, the metal is eliminated, and free 1 : 2-naphthalocyanine, (Cy.HgNy)4Hg, is 

6: formed. When this is boiled with metals in chloronaphthalene, it regenerates the metallic 

cid derivatives. 

| of The 1 : 2-naphthalocyanines show an even greater general stability to heat and reagents 

ires than the phthalocyanines. In particular they are only slowly oxidised by nitric acid or 


ceric sulphate. On this account it has not been possible to prove the presence of two 
oxidisable hydrogen atoms in free naphthalocyanine by quantitative oxidation (Dent, 
of Linstead, and Lowe, Joc. cit.). «-Magnesium naphthalocyanine, however, is more readily 
attacked and the oxygen uptake from cold acid ceric sulphate agrees approximately with 

] that required for the equation 


(C,2H,N,),Mg + 8H,O + O = 4C,,H,O,N + 4NH, + MgO 


1 : 2-Naphthalimide and ammonium sulphate are formed. This proves that the metal 
is combined in the same manner in the 1 : 2-naphthalocyanines as in the phthalocyanines. 

The parallelism between the two series also appears in the reaction between cupric 
chloride and 1 : 2-dicyanonaphthalene (cf. Dent and Linstead, J., 1934, 1027). These 


to react exothermically at 260° with the formation of hydrogen chloride and copper chloro- 

ith 1 : 2-naphthalocyanine : 

ine 

er CuCl, + 4C,,HgN, = (CygHgNq)sCu(C,,H;CIN,) + HCl 

7 When the product was decomposed with concentrated nitric and sulphuric acids, all the 

- chlorine appeared in the organic fission product and no chloride ion was formed. This 

“; shows that the chlorine is nuclear, but its position is unknown. 

“~ The most interesting feature of the series lies in the existence of isomerides, which 

h- was first noticed in the case of the magnesium compound. The crude product of the inter- 

id action of magnesium and 1 : 2-dicyanonaphthalene is a mixture of a bright green, ether- 

he soluble «-form and a dark green, insoluble 6-form in the ratio 2-5: 1. The «-form does not 
form a hydrate, although the unusual solubility in ether, acetone and ethyl acetate indicates 

ed a tendency to solvation. The $-form is normally isolated as the monohydrate, which loses 

lic its water at 215°. The anhydrous form readily regains one molecule of water, but there is 

ly no tendency for the formation of a dihydrate as with magnesium phthalocyanine. Like 


f the a-isomeride, the 8-magnesium compound yields 1 : 2-naphthalimide on oxidation with 
y ceric sulphate. The two magnesium compounds yield two different metal-free compounds 


a on treatment with sulphuric acid. When these are heated with magnesium, they regener- 
e. ate the isomeric a- and $-magnesium derivatives severally : hence there is a persistent 
ly structural difference between the two series. 

3° The §-form of free naphthalocyanine is rather darker than the ordinary «-form, but 
+4 does not show any marked difference in solubility. The free naphthalocyanine prepared 
le from lead naphthalocyanine appears to be identical with the «-isomeride. Moreover, 


treatment of the «-magnesium derivative with either copper or zinc in boiling chloro- 
a naphthalene leads by an exchange of metal to the formation of copper and zinc naphthal- 
le ocyanines, indistinguishable from those prepared directly from 1 : 2-dicyanonaphthalene, 
” It appears that either the other metallic derivatives all belong to the «-series or their «- 
L; and $-modifications are not clearly distinguishable. Slight variations in solubility were 
in indeed noticed, but insufficient for separation. 

For the interpretation of this isomerism we-may take as proved the structural analogy 
5T 
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between 1: 2-naphthalocyanines and phthalocyanines. Four formule for the metal- 
free or metallic derivatives then become possible, one of which is shown in full : 


a” Y 
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\F (IV.) (V.) 
If we represent the large ring as a lozenge and the aromatic rings by straight lines, this 
formula may be conveniently symbolised by (II) and the three other possible isomerides 
by (III), (IV), and (V). The isomerism thus depends upon the relative positions of the 
four outer benzene rings. We tentatively assign the most symmetrical ‘‘ swastika ” 
formula (I and II) to the common a-series. The $-series may correspond to one of (III), 
(IV), and (V) or to a mixture of all three. 

It is instructive to compare the easily crystallisable phthalocyanines, which cannot 
exhibit this isomerism, with the naphthalocyanines, which may be isomeric mixtures and 
cannot be obtained crystalline except in one case («-magnesium) where the separation of 
the mixture is especially easy. 


EXPERIMENTAL. 


Tests on Dicyanonaphthalenes.—For conversion into substances of the phthalocyanine type, 
the dinitrile was heated with sodium, sodium ethoxide, sodium amyloxide, magnesium, 
magnesium oxide, copper-bronze, cuprous chloride, anhydrous cupric chloride, anhydrous 
zinc chloride, and anhydrous ferric chloride. The 1: 2- and the 2: 3-dinitrile gave positive 
results (green colour, violet reflex) with all these reagents. 

General Notes on the Analysts of 1 : 2-Naphthalocyanines.—In carbon and hydrogen analyses 
the burning was complete in 15—20 minutes. Nitrogen estimations were made by the Kjeldahl 
method, the Dumas inethod being unsatisfactory owing to the stability of the compounds in 
the inert atmosphere. Chlorine was determined by Liebig’s method. Zinc and magnesium 
were estimated by ignition to the oxides. Copper in copper chloronaphthalocyanine was 
determined by oxidation of about 0-2 g. with 20 c.c. of concentrated sulphuric acid and a few 
drops of nitric acid, concentration to 2 c.c., and dissolution in water. The solution was then 
neutralised with ammonia, barely acidified with hydrochloric acid, and filtered. The filtrate 
was reduced with sulphur dioxide, and warmed for 1 hour with an excess of ammonium thio- 
cyanate. After standing overnight, the cuprous thiocyanate was weighed in the usual way. 
Lead was estimated by boiling the pigment (0-4 g.) with concentrated nitric acid until it was 
destroyed (2 days). The colourless solution was diluted to 200 c.c., boiled, cooled, and filtered. 
The filtrate and washings were neutralised with ammonia, made slightly acid with nitric acid, 
and diluted to 400c.c. The lead was precipitated as chromate and weighed in the usual manner. 
Micro-analyses by Schoeller are asterisked. 

Copper (with A. R. LowE; compare als6é B.P. 410,814).—5 G. of 1 : 2-dicyanonaphthalene 
were heated with 1 g. of reduced copper for 1 hour at 250—260° by means of a mixed nitrate bath. 
From the cold powdered melt, boiling alcohol extracted 1-75 g. of unreacted dinitrile. The 
residue was dissolved in cold concentrated sulphuric acid, and the dark purple solution poured 
onice. The green precipitate was filtered off, and washed with hot water (until free from acid), 
alcohol and ether. Yield, 46%. Two crystallisations from quinoline yielded pure copper 
1 : 2 naphthalocyanine as a green mass with a violet reflex (Found: C, 74-0; H, 3-7; N, 14:3; 
Cu, 8-0. C,,H,,N,Cu requires C, 74:3; H, 3-1; N, 14-4; Cu, 82%). The pure compound 
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dissolved in sulphuric acid to give a blue solution, from which it was regenerated almost 
quantitatively on dilution. 

10 G. of the dinitrile and 2-1 g. (14 mols.) of anhydrous cupric chloride were heated to 
260—270°; hydrogen chloride and heat were evolved and the melt solidified in 5 minutes. 
It was heated for a further 20 minutes at 280—290° and the green product was then extracted 
with water and boiling benzene. Yield of residue, 87%. Two crystallisations from chloro- 
naphthalene gave copper chloro-1 : 2-naphthalocyanine, similar in appearance to the unchlorin- 
ated compound (Found: C, 70-7; H, 2-8; N, 13-7; Cl, 4:8; Cu, 8-0. C,,H,,N,ClCu requires 
C, 71-1; H, 2-8; N, 13-8; Cl, 4-4; Cu, 7-°9%). The chlorine was not removed by boiling 
sodium hydroxide solution. 0-85 G. of the compound was dissolved in 50 c.c. of concentrated 
sulphuric acid, and a few drops of nitric acid added. The yellow solution yielded 0-7 g. of pale 
yellow solid when poured on ice, but no chloride ion. The solid melted at 250—260° after 
crystallisation from acetic acid and contained chlorine, but was not identified. 

Zinc.—10 G. of 1 : 2-dicyanonaphthalene and 1 g. of zinc dust were heated at 275° for 20 
minutes and at 310—320° for a further ? hour. Recovery of dinitrile, 2-3 g. Yield, 7-3 g. 
of a green powder with a purple lustre, containing excess of zinc. The product was slightly 
soluble in ether, ethyl acetate, chlorobenzene and toluene, more so in quinoline, aniline and 
chloronaphthalene. It was crystallised from the last-named solvent [Found: (for twice 
crystallised material) C, 74-9; H, 3-2; Zn, 8-3; (for thrice crystallised) C, 74-9; H, 3-2; N, 
14:4; Zn, 8-4. C,,H,,N,Zn requires C, 74:1; H, 3-1; N, 144; Zn, 8-4%]. The solution in 
sulphuric acid was purple and regenerated the compound almost quantitatively on dilution. 

Lead.—1 : 2-Dicyanonaphthalene (18 g.) reacted vigorously with litharge (6-8 g., 1} mols.) 
at 275—280° The mass was almost solid in 5 minutes and was heated for a further 20 minutes. 
The recovery of dinitrile was 3-6 g.; the yield of pigment 20-3 g., containing the excess of 
litharge. 2 

Lead 1: 2-naphthalocyanine was yellowish-green with a blue lustre. It was soluble in hot 
pyridine, quinoline, chlorobenzene, and chloronaphthalene and was crystallised from aniline 
(Found: C, 63-25, 63-1*; H, 2-8, 3-0*; N, 12-3; Pb, 21-7. C,,H,,N,Pb requires C, 62-7; 
H, 2-6; N, 12-2; Pb, 22-5%). 1G. was treated with sulphuric in the usual way. Dilution 
yielded 0-95 g. of 1 : 2-naphthalocyanine contaminated with lead sulphate, from which aniline 
extracted the pure metal-free compound (Found: C, 80-4; H, 3-7; ash, negligible. C,,H,,N, 
requires C, 80-7; H, 3-6%). It was identical in appearance with the «-1 : 2-naphthalocyanine 
described below. 

Magnesium and Metal-free Compounds.—After preliminary experiments the following 
procedure was adopted. 40 G. of 1: 2-dicyanonaphthalene and 2-1 g. of etched magnesium 
turnings were heated at 365—370° for 80 minutes, the mass then being almost solid. The un- 
reacted dinitrile was extracted with benzene, and the residue ground with water (this converted 
all the B-magnesium compound into the monohydrate, which is insoluble in ether, whereas 
the anhydrous $-compound appears to be slightly soluble). The product was dried and 
exhaustively extracted with ether (Soxhlet). Evaporation of the solution gave a-magnesium 
1 : 2-naphthalocyanine as a fairly bright green mass with a fine purple lustre. A small amount 
of 1 : 2-dicyanonaphthalene present as impurity was sublimed out at 230—240° in a stream of 
carbon dioxide under reduced pressure. The B-magnesium 1 : 2-naphthalocyanine left in the 
extractor was sifted from excess of magnesium and again boiled with benzene. Average yields, 
62% of a- and 24% of -compound. 

a-Magnesium 1 : 2-naphthalocyanine was soluble in ethyl alcohol, acetone, ethyl acetate, 
and chloroform and extremely soluble in ether. It was purified by two extractions with cold 
ether, filtration, and evaporation to dryness (Found: C, 78-3; H, 3-4; N, 15:1; Mg, 3-3. 
CysH.N,Mg requires C, 78-3; H, 3:3; N, 15-2; Mg, 33%). The B-isomeride was purified by 
two crystallisations from chloronaphthalene. Three separate preparations were analysed 
(Found: C, 76-4, 76-8, 76-7; H, 3-5, 3-4, 3-5; Mg, 2-9, 3-0. C,sH,,.N,Mg,H,O requires C, 76-4; 
H, 3-5; Mg, 3-2%). 

1 G. of the «-compound was dissolved in 75 c.c. of concentrated sulphuric acid, and the 
purple solution filtered and poured on washed ice. The a-1 : 2-naphthalocyanine was washed 
with hot water, alcohol, and ether. Yield, 0-8 g. of a green solid with a purple lustre. It was 
soluble in boiling aniline but not in ether and the other low-boiling solvents which dissolved 
the «-magnesium compound (Found: C, 80-0; H, 3-8; N, 15-6; ash, negligible. C,,H,,N, 
requires C, 80:7; H, 3-6; N, 15-7%). 0-7 G. of the 8-magnesium compound on similar treat- 
ment gave 0°5 g. of 6-1: 2-naphthalocyanine, darker green than the a-isomeride and with a 
purple lustre (these colours were conveniently compared as rubbings on glazed paper). It 
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was purified by crystallisation from chloronaphthalene (Found: C, 81-0; H, 37%; ash, 
negligible). 

It seemed possible that the metal of the a-magnesium compound might be eliminated by 
passing dry hydrogen chloride through an ethereal solution. Experiment showed that after 
2 hours the pigment was completely precipitated but only about 15% of the metal had been 
removed. The precipitation was caused by the formation of the oxonium compound between 
the ether and the hydrogen chloride, since a-magnesium naphthalocyanine was insoluble in 
ether saturated with the gas but dissolved when such a suspension was shaken with water. 

Reactions of the Magnesium Compounds.—Metal exchange. 3 G. of a-magnesium 1: 2- 
naphthalocyanine and 1 g. of reduced copper were refluxed for 36 hours in 75 c.c. of chloro- 
naphthalene. No trace of the magnesium compound remained and the product after crystallis- 
ation from chloronaphthalene yielded pure copper 1 : 2-naphthalocyanine, identical in colour 
and reflex with that prepared directly from 1 : 2-dicyanonaphthalene (Found : C, 74-3; H, 3-3; 
Cu, 8-2%). A similar experiment with metallic zinc showed that in 7 hours about 40% of the 
magnesium was replaced by zinc. 

Oxidation. The finely divided «-magnesium compound was heated with ceric sulphate 
solution until the colour was destroyed. The solution deposited 1 : 2-naphthalimide (75—80%) 
on standing, m. p. and mixed m. p. 224° after sublimation. A considerable excess of the 
theoretical amount of ceric sulphate was used up. 0-336 G. of the powdered a-magnesium 
compound was left in the cold for 5 days with 20 c.c. of 0-0485N-ceric sulphate. The yellow 
product was filtered from naphthalimide, and the excess of ceric sulphate estimated with 
ferrous ammonium sulphate in the usual way (Dent, Linstead, and Lowe, loc. cit.). 12-4 C.c. 
of ceric sulphate solution were used in the oxidation, equivalent to 1-3 atoms of oxygen per 
molecule (calc., 1-0). 

0-5 G. of the 8-magnesium compound was oxidised qualitatively in the same manner as the 
a-isomeride. Yield of 1 : 2-naphthalimide, 0-25 g., m. p. and mixed m. p. 224°. 

Dehydration. The ®$-magnesium compound attained constant weight after 4 hours in a 
vacuum at 210—220°, the loss in weight being 2-1% (calc., 2.4%). The moisture was regained 
rapidly in the air and was again lost at 215°. Twoseparately dehydrated samples were analysed ; 
a little hydration occurred during weighing (Found: C, 77-3, 77-4; H, 3-4, 3-4. C,,H,,.N,Mg 
requires C, 78-3; H, 3-3%). 

Reactions of the Free 1: 2-Naphthalocyanines.—1 G. of a-naphthalocyanine was refluxed 
with granulated zinc in 30 c.c. of chloronaphthalene for 7} hours. The pigment was purified 
through sulphuric acid. Analysis showed that a 46% conversion into zinc naphthalocyanine 
had occurred and this was practically complete after a further 24 hours’ treatment. A similar 
reaction was performed with magnesium (24 hours), the chloronaphthalene being removed with 
benzene. From the residue, ether extracted the a-magnesium compound (1-3 g. from 2 g. of 
a-naphthalocyanine). The small portion insoluble in ether was probably the unreacted metal- 
free compound, but may have contained some $-magnesium compound (see below). 

1-1 G. of 8-1 : 2-naphthalocyanine were refluxed for 16 hours with 0-2 g. of magnesium in 
40 c.c. of chloronaphthalene. The product was boiled with benzene, and the residue allowed 
to stand with water. Extraction with cold ether removed 0-07 g. of soluble material which 
appeared to be the a-magnesium derivative. The bulk of the product was insoluble (0-85 g.) 
and yielded the 8-magnesium compound as the monohydrate after crystallisation from chloro- 
naphthalene and standing with water (Found: C, 75-9; H, 3-6; Mg, 3-0. Calc. for 
CysH,,4N,sMg,H,O: C, 76-4; H, 3-5; Mg, 3-2%). 





We thank Imperial Chemical Industries, Ltd. (Dyestuffs Group), for grants and gifts of 
chemicals. 
IMPERIAL CoLLEGE, LONDON, S.W. 7. [ Received, September 24th, 1936.]} 
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h, 386. The Action of Sodium Nitrite on p-Nitrodimethylaniline 
in Hydrobromic Acid. 


4 By GrorcE J. G. MILTon and THomAs H. READE. 


n BROMINATION in the 2-position occurs when p-nitrodimethylaniline is treated with hydro- 
- bromic acid and nitrous acid at 0°, the excess acid being 5N. The brown substance 
' precipitated is a perbromide of 2-bromo-4-nitrodimethylaniline hydrobromide, the 
4 orientation of which was established by Norton and Allen (Ber., 1885, 18, 1996). 2-Bromo- 
4-nitrodimethylaniline perbromide, treated with hot aqueous alcohol, gives 2-bromo-4- 
nitrodimethylaniline, which with sodium nitrite in dilute hydrochloric acid forms 2-bromo- 
3 4-nitrophenylmethylnitrosoamine. Elimination of the nitroso-group by hot concentrated 
hydrochloric acid yields 2-bromo-4-nitromethylaniline, which on nitration with nitric acid 
(d 1-43) gives 2-bromo-4 : 6-dinitrophenylmethylnitroamine; this, when boiled with phenol 
and water, is converted into 2-bromo-4 : 6-dinitromethylaniline. 

To ascertain at what concentration of hydrogen bromide mixtures of nitrous and 
hydrobromic acids act as a brominating agent, small quantities of phenyltrimethyl- 
ammonium bromide were added to the nitrous—hydrobromic acid mixtures. Above 0-36N 
the orange perbromide NPhMe,Br, was precipitated, solutions 0-305—0-358N were cloudy, 
and solutions weaker than 0-3N remained clear. 

The limiting bromine concentration is about 0-003 gram-mol. per litre as detected by 
formation of perbromide. The presence of alkali bromide or hydrobromic acid diminishes 
this sensitivity to about one half when the ratio of bromide to bromine is 5. This 
observation is significant, because the perbromide dissolves less easily in solutions containing 
small amounts of bromides than it does in water alone. The precipitated perbromide 
passes into solution at the rate of about }gramin24hours. The dissolution is accompanied 
by decomposition, during which a part of the bromine escapes by volatilisation, a part 
enters the benzene nucleus in the m-position with formation of hydrogen bromide, and only 
a small amount is available to liberate iodine from slightly acidified potassium iodide. 
| The greater part of the bromine, however, is probably present as bromate (the production 
| of which takes place as readily in nitrogen as in air), for the solution, after being warmed 
with concentrated hydrochloric acid and diluted, liberates 0-4 equiv. of iodine from potassium 
: iodide. Asa check on the value 0-3N below which no bromine was liberated in the hydro- 
bromic-nitrous acid mixtures, air or carbon dioxide was aspirated through the mixtures 
: at 0° into acidified silver nitrate solutions for 6 hours. Experiments in which the sodium 
nitrite was omitted, or sodium nitrate was used instead of sodium nitrite, gave no silver 
bromide below a hydrogen bromide concentration of 7-25N. 
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EXPERIMENTAL. 


Perbromide of 2-Bromo-4-nitrodimethylaniline Hydrobromide.—This substance was precipitated 
as a dark brown powder when sodium nitrite (4 mols.) in a little water was added at 0° to 
p-nitrodimethylaniline (1 mol.) dissolved in hydrobromic acid of concentration exceeding 
4N. After recrystallisation from glacial acetic acid, it formed brown plates, m. p. 157°, soluble 
in ether, acetone, hot ethyl alcohol, or concentrated mineral acids {with decomp.). When 
wetted, the substance liberated iodine from starch—iodide paper [Found: C, 19-8; H, 1-85; 
N, 5°8; Br (ionisable), 49-5; Br (total), 66-0. C,H,,O,N,Br, requires C, 19-9; H, 2-05; N, 
5-8; Br (ionisable), 49-6; Br (total), 66-1%]. 

2-Bromo-4-nitrodimethylaniline—When the perbromide was heated with aqueous alcohol, 
this substance crystallised in yellow needles, m. p. 74°, soluble in ether, acetone, or hot alcohol, 
not easily soluble in dilute acids, but moderately readily soluble in cold concentrated acids 
(Found: C, 39-2; H, 3-7; N, 11-4; Br, 32-65. C,H,O,N,Br requires C, 39-1; H, 3-6; N, 11-4; 
Br, 32-8%). 

2-Bromo-4-nitrophenylmethylnitrosoamine was precipitated in a few hours at 0° from a hydro- 
chloric acid solution of the tertiary amine on addition of sodium nitrite (3 mols.). After 
crystallisation from alcohol, it formed nearly white needles, m. p. 95°, which gave the Lieber- 
mann reaction for nitroso-compounds, were little soluble in strong acids, but dissolved in ether, 
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acetone, or hot alcohol (Found: C, 32-3; H, 2-3; N, 16-15; Br, 30-8. C,H,O,N,Br requires 
C, 32-4; H, 2-3; N, 16-0; Br, 30-6%). 

2-Bromo-4-nilromethylaniline.—The nitrosoamine was heated with concentrated hydrochloric 
acid; after cooling and addition of water, the secondary amine separated as a powder, which 
crystallised from alcohol in long yellow needles, m. p. 115° (Found: C, 36-4; H, 3-1; N, 12-1; 
Br, 34-7. C;H,O,N,Br requires C, 36-3; H, 3-1; N, 12-3; Br, 34-7%). 

2-Bromo-4 : 6-dinitrophenylmethylnitroamine was prepared from the preceding amine by 
heating it gently with concentrated nitric acid; the powder obtained on cooling crystallised from 
alcohol in white plates, m. p. 126°. It gave a positive nitroamine reaction, and contained three 
nitro-groups (by reduction with titanous chloride). Being unstable to heat, it was not further 
analysed. 

2-Bromo-4 : 6-dinitromethylaniline.—After removal of the nitro-group of the nitroamine by 
boiling with phenol, this substance was obtained as a yellow solid, m. p. 153° (after crystallisation 
from alcohol) alone or mixed with an authentic specimen (Korner, Jahresb. Chem., 1875, 337). 

Decomposition of Phenyltrimethylammonium Perbromide in Water.—m-Bromophenyltri- 
methylammonium bromide was identified among the decomposition products of phenyltri- 
methylammonium perbromide in water by removing bromine by an air blast, evaporating the 
aqueous solution to dryness, and recrystallising the white residue from absolute alcohol ; m. p. 
233° [Found : Br (ionisable), 27-2; Br (total), 54-2. Calc. for C,H,Br-NMe,Br : Br (ionisable), 
27-1; Br (total), 542%]. Its perbromide melted at 94° (decomp.), its periodide at 109° 
(decomp.), its iodide at 202°, and its picrate at 150°, in agreement with the m. p.’s recorded 
by Vérlander and Siebert (Ber., 1919, 52, 283). 

The Indicator.—Phenyltrimethylammonium bromide was prepared by the action of anhydrous 
acetone on the corresponding quaternary ammonium perbromide in the manner described by 
McCombie and Reade (J., 1923, 128, 148). The aqueous solution used in the experiments 
contained 0-108 g. per c.c. 
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387. The Seed Wax of Simmondsia Californica. 
By T. G. GREEN, T. P. Hitpitcu, and W. J. STAINSBY. 


GREENE and Foster (Bot. Gazette, 1933, 94, 826) found that the seeds of Simmondsia 
californica Nutt., an evergreen shrub indigenous to southern California and southern 
Arizona, contained about 46% of a liquid oil which resembled sperm or Arctic sperm oil 
closely in its analytical characteristics, and which they therefore concluded to be a liquid 
wax; qualitative tests suggested that the wax might consist principally of fatty acid esters 
of decyl alcohol. The genus Simmondsia was formerly placed by botanists in the Box 
section of the Euphorbiacee, but modern authors place it in a distinct family, Buxacee. 
The seeds of members of the latter family, like those of the Euphorbiaceae, usually contain 
endosperm, but in this respect Simmondsia is an exception, its seeds (about 12 mm. x 
8 mm.) consisting wholly of embryo and cotyledons enclosed in a thin, hard testa. 

The nature of the fatty content of the seeds, as given by Greene and Foster, is also 
entirely exceptional, for the occurrence of wax-esters instead of glycerides in the proportions 
observed in Simmondsia seeds has not, so far as we are aware, ever been observed in any 
other seed. We have therefore been interested to undertake a further examination of the 
fatty material present in about 400 g. of mature seeds of Simmondsia californica which were 
kindly placed at our disposal by Prof. R. A. Greene and Dr. E. Lewkowitsch. 

The decorticated ground kernels yielded, on extraction with light petroleum (b. p. 40— 
60°), 48% of a golden-yellow oil which, after complete hydrolysis, gave approximately 
equal weights of fatty acids and fatty alcohols. We examined the products of hydrolysis 
for the presence of glycerol, with negative results, confirming in this respect the previous 
observation of Greene and Foster. Sufficient of the crude acids and alcohols from the 
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wax was collected for a more detailed examination, which revealed that their constitution 
was still more unusual than the preliminary study by the former workers had suggested. 

The Acidic Constituents of Simmondsia Seed-wax.—The mixed acids were subjected to a 
lead salt separation from alcohol; the acids recovered from the insoluble and the soluble 
lead salts were separately converted into methyl esters and fractionally distilled in a 
vacuum. From the details of the fractionation data (Tables I—III) it was evident (a) that 
the acids yielding insoluble lead salts were not saturated fatty acids, but differed little from 
the main bulk of those acids whose lead salts had remained in solution in the alcohol; 
and (6) that the acids from the soluble lead salts were for the most part similar to the 
former, except for the presence of quite minor amounts (not more than 6—7 % of the total 
acids) of acids, the mean equivalent (292-0) and iodine value (71-3) of the methyl esters 
of which indicated the probable presence of oleic and palmitic acids. The greater part 
of the methyl ester fractions from both groups of acids had equivalents of 325—328 and 
iodine values of 77-5—79, but a small portion (about 10% of the total acids) possessed a 
higher equivalent and lower iodine value, indicating the presence of small proportions of an 
unsaturated acid of higher molecular weight than the main component. The equivalent 
of the methyl esters was unchanged after acetylation, from which the absence of hydroxy- 
acids was concluded. One of the middle ester-fractions (L4, Table II, equiv., 326-0; 
iod. val., 79-1) was found to contain C, 77-8; H, 11-9% (methyl eicosenoate, Cy,Hy Qo, 
requires C, 77-8; H, 123%; equiv., 324; iod. val., 78-4). The acids from another ester- 
fraction (L5, Table II, equiv., 327-0; iod. val., 78-6) gave, after oxidation with ice-cold 
alkaline permanganate, a dihydroxy-saturated acid, m. p. 130-5° (Found: C, 69-2; H, 11-5. 
CopH yO, requires C, 69-8; H, 11-6%). The main component acid was therefore an 
eicosenoic acid, C,,H,,“CO,H, the structure of which was determined by the following 
further experiments. 

The ester-fractions L15, L4—7, and S4—6 (Tables I—III) were united. A portion of 
these was hydrogenated as far as possible, and the product oxidised with permanganate in 
acetone in order to remove all traces of unsaturated ester. The purified saturated ester, 
after crystallisation from absolute alcohol, melted at 44° (equiv., 325-6) and the corre- 
sponding acid, after crystallisation from ethy] acetate, at 74-5° (unchanged when mixed with 
n-eicosanoic acid). Dr. Malkin, of the University of Bristol, kindly undertook the X-ray 
spectrographic examination of both the ester and the acid and reported that the respective 
spacings (52-7 A. and 44-5 A.) were these of methyl -eicosanoate and n-eicosanoic acid. 

The remainder of the combined methyl esters was oxidised with permanganate in 
acetone, and the acidic products of oxidation examined. Nonoic acid was identified, 
together with nonane-1 : 9-dicarboxylic acid, proving that the chief acid present in the 
seed-wax is Al‘ 12-eicosenoic acid. 

The Alcoholic Constituents of Simmondsia Seed-wax.—The alcohols were fractionally 
distilled in a vacuum and separated into three main fractions of about equal weight 
(Table IV), none of which appeared to be composed wholly of an individual compound, 
although the iodine values (84-7 and 80-4) of the alcohols in fractions A2 and A3, and the 
equivalents of their acetates (350-5, 350-1), were not far removed from those for a 
heneicosenol, C,,H,4,O (iod. val., 82; equiv. of acetate, 352). 

A portion of fraction A2 was hydrogenated and some of the saturated alcohols formed 
were recrystallised several times from ethyl acetate; they then melted at 67—68°. X-Ray 
spectrographic examination of this specimen by Dr. Malkin gave the spacing 59-7 A. and 
showed that it was not an individual alcohol, but by further crystallisation from alcohol 
he obtained a specimen, m. p. 71°, which gave the spacing 60-2 A., agreeing closely with that 
of the vertical form of m-docosanol, C,,H,,O (m. p. 72°). 

Another portion of the fully-hydrogenated alcohols was oxidised with chromic acid in 
acetic acid solution to the corresponding carboxylic acid or acids. The latter, after 
purification from unchanged alcohols and crystallisation from ethyl acetate, melted at 
74—75° (depressed on admixture with -eicosanoic acid); this product gave results on 
analysis corresponding fairly closely with heneicosanoic acid. After several further 
crystallisations from alcohol a specimen of acid was obtained which melted at 78—79° 
and showed no depression in melting point when mixed with u-docosanoic acid, while the 
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melting point fell to 71° on admixture with -eicosanoic acid. Dr. Malkin informed us that 
the X-ray spacings (B form 53-5 A., C form 48-3 A.) given by this acid showed definitely 
that it was n-docosanoic (behenic) acid. yal 

A portion of the succeeding fraction 3 of the original unsaturated alcohols was oxidised 
by means of permanganate in acetone, and the products of oxidation examined (p. 1756). 
Nonoic acid was substantially the only monocarboxylic acid present. With the dicarboxylic 
acids (as with the monobasic acids from the chromic acid oxidation of the hydrogenated 
alcohols), much difficulty was experienced in obtaining a pure specimen by means of 
crystallisation, but ultimately an acid was obtained (equiv., 122-8) which melted at 108— 
110° and showed no depression when mixed with undecane-1 : 11-dicarboxylic (brassylic) 
acid (equiv., 122). 

We have therefore definite evidence of the presence of A!‘ 4-docosenol as one of the 
constituents of the alcohols present. From the repeated observation of analytical values 
for the alcohols and their derived acids corresponding with a mean carbon content of Co, 
together with the non-appearance of any decane-l : 10-dicarboxylic acid (derived from a 
heneicosenol) in the ultimate oxidation products, we consider that an eicosenol is probably 
the other main component of the alcohols. Since no monocarboxylic acid except nonoic 
was identified among the oxidation products of the unsaturated alcohols, it seems probable 
that this is.Al ‘ 12-eicosenol. 

The seed-wax of Simmondsia californica is thus a marked exception to the usual fatty 
material of seed endosperm or embryo, not only in being composed of wax-esters instead of 
triglycerides, but also in the nature of its component alcohols and acids. Oleic and palmitic 
acids are almost, if not wholly, absent from the wax, the main components of which are 
esters of A!‘ 12-eicosenoic acid (with possibly a little docosenoic acid) in combination with 
A18* 14-docosenyl and (?) A?‘ 12-eicosenyl alcohols, probably in something approaching 
equal proportions. So far as we are aware, no instance of this kind had been observed 
until Greene and Foster’s observation on this species. It is not without interest, however, 
that seed-fats of the Euphorbiacee (with which family Simmondsia evidently has a near 
botanical relationship) include some examples such as those of Aleurites montana and 
Ricinus communis, in which the acyl part of the triglycerides is composed very largely of 
unusual unsaturated acids (elwostearic, ricinoleic) instead of the more common linoleic 
and oleic acids. 

The observation that the unsaturated alcohols and acids of Simmondsia seed-wax are 
of the general formule 


CH,-[CH,],*CH:CH-[CH,],,"CH,‘OH and CH,‘[CH,],*CH:CH-[CH,],"CO,H 


is also of interest in the light of Chibnall and Piper’s hypothesis (Biochem. J., 1934, 28, 
2217) that a number of cuticle and leaf wax components may be derived from unsaturated 
compounds of this general form. 

An attempt was made to ascertain whether the Simmondsia californica seeds presented 
any unusual feature in the development of the seed wax by comparing the analytical 
characteristics of the material from immature seeds of the 1936 crop with that from mature 
seeds of the 1935 and i936 crops, specimens of all of which were very kindly obtained for 
us by Professor Greene. The amount of wax from the immature seeds was so small that 
an accurate measure of the equivalent could not be determined, but it was evident that 
there was no great variation in any of the specimens :— 


Mature Half-mature Mature 
° seeds 1935. seeds 1936. seeds 1936. 

Soluble in light petroleum  ...............ccscscecseseees 33-7% 6% 319% 
Wen PE IEE bec nndicridahigintcisdecciencsbaceerseeieas 83-4 82-3 83-1 

(saponification equivalent .............ccceeeeeees 594-3 ca. 500 590-0 

Acid { PR IND W. iadisicns cdcambsbilaccdabdabind 79-8 — 80-7 
constituents\ mean molecular weight —...........++4 303-4 — 311-0 

Alcohol 


i mee ; ba Ln 
constituents \ iodine WONG cali. cbindsitisinsicivisliiocedes 80-8 81-5 
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EXPERIMENTAL. 


The kernels of the seeds were removed from the testa, ground, and extracted exhaustively 
with light petroleum (b. p. 40-—60°). 400 G. of the ground kernels yielded 195 g. of a golden- 
yellow neutral oil with saponification equivalent 604-1 and iodine value 86-3. The oil (184 g.) 
was hydrolysed with excess of boiling alcoholic potassium hydroxide, and the alcohols produced 
were separated from the solution of potassium soaps; from the latter the acids were recovered 
and re-submitted to the saponification process, in order to ensure complete hydrolysis of the 
wax. There were thus obtained 95-6 g. of acids (M.M.W. 309-6, iod. val. 82-1) and 91-9 g. of 
alcohols (M.M.W. 307-7, iod. val. 84-3). 

Examination of the Mixed Acids of the Seed-wax.—The mixed acids (95-6 g.) were dissolved in 
boiling 95% alcohol (500 c.c.), mixed with a boiling solution of lead acetate (65 g.) in 95% 
alcohol (500 c.c.) containing a few drops of acetic acid, and set aside : a quantity of low-melting 
syrupy insoluble lead salts separated, and was redissolved in 1000 c.c. of hot 95% alcohol 
containing 5 c.c. of glacial acetic acid and again allowed to separate. The acids from the 
insoluble and from the soluble lead salts were recovered separately and converted into their 
methy] esters for fractional distillation. The yield of acids from the insoluble lead salts was 
31-8 g., and that from the soluble lead salts 63-7 g. 

Fractional Distillation in a Vacuum of the Methyl Esters—The weights and characteristics 
of the fractions obtained from distillation of the methyl esters of the acids from the insoluble 
lead salts are given in Table I, those from the primary fractionation of the methyl esters of the 
acids from the soluble lead salts in Table II, while redistillation of the primary fraction Ll 
(Table II) gave the results shown in Table III. 


TABLE I, TABLE II. 
Methyl esters of acids from insoluble lead salts. Methyl esters of acids from soluble iead salts. 
Sap. Tod. Sap. Tod. 
Fraction. G. B.p./0-2 mm. equiv. _ val. Fraction. G. B.p./02mm. equiv. val. 
Sl 3-47 121—144° 316-6 75:3 Ll 21-06 118—143° 309-6 79-2 
S2 3-37 144—146 321-8 77-7 L2 5-84 143—146 321-8 80-6 
S3 3°71 146 323-8 79-3 L3 6-01 146—147 324-7 80-0 
S4 3-83 146—147 325°3 79-0 L4 5-68 147—152 326-0 79-1 
S5 3-61 147 325-6 78-9 L5 6-04 152—155 327-0 78-6 
S6 3°77 147—155 326-3 77-7 L6 6-01 155 327-9 77:6 
S7 4-31 155 328-5 77-4 L7 6-21 155—157 334-8 76:3 
S8 5-48 Residue 335-8 74-2 L8 4:15 Residue 350-6* 73-2* 
31-55 61-00 


* The esters in fraction L8, after allowance for unsaponifiable matter present, had sap. equiv. 329-7, 
iod. val. 71-4. 


TABLE ITI. 
Refractionation of fraction L1 (Table Il). 

Fraction. G. B. p./0-2 mm. Sap. equiv. Tod. val. 
Ll 3-47 110—134° 292-0 71:3 
L12 3-20 134—135 304-0 81-8 
L13 3-42 135 312-0 83-8 
Ll4 3°43 135—145 318-9 81-9 
L15 3-52 Residue 325-9 79-3 


17-04 


It is clear from the data in Table III that the esters of the usual component acids of seed 
fats—for example, methyl oleate (equiv., 296; iod. val., 85-8) or linoleate, or methyl palmitate 
(equiv., 270)—can only be present in very small quantities in the Simmondsia seed-wax ; fraction 
L11 might have been composed wholly, and fractions L12 and L13 partly, of such esters. The 
chief component of the esters listed in both Tables I and II is evidently a compound with 
equivalent about 325—328 and iodine value about 78—79, and this is accompanied by smaller 
proportions of one or more esters of somewhat higher molecular weight and lower iodine value. 

Hydrogenation of the Methyl Esters Fractions L15, L4—7 and S4—6 (Tables I—III) were 
united for the purpose of further experiments to determine the structure of the main component 
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acid. A portion of the esters (15 g.) was hydrogenated (in solution in purified kerosene) in 
presence of nickel at 180°; subsequently the solvent was removed by distillation in a vacuum 
and the hydrogenated esters were fractionated. The main fraction (12-1 g.) was oxidised, and 
the purified neutral esters examined, as described on p. 1751. 

Oxidation of the Methyl Esters —Another portion of the esters (9 g.) was dissolved in acetone 
(90 c.c.) and oxidised with potassium permanganate (36 g.). After decolorisation and removal 
of unchanged ester or neutral products (0-4 g.), the acidic products were separated by light 
petroleum into a soluble (3-4 g.) and an insoluble (4-6 g.) portion. 

The acids soluble in light petroleum were recovered and distilled at atmospheric pressure, 
a main fraction being collected (Found: equiv., 161. Calc. for C,H,,0,: equiv., 158). Those 
insoluble in light petroleum were solid and were recrystallised several times, first from methyl 
alcohol, then from water and finally from chloroform. The acid finally melted at 109° [mixed 
with synthetic nonane-1 : 9-dicarboxylic acid (m. p. 111°), at 110—111°] (Found: C, 61-0; 
H, 9-0; equiv., 108-6. Calc. for C,,H,,O,: C, 61-1; H, 93%; equiv., 108). 

The original acid was therefore A!‘ !*-eicosenoic acid. 

The potassium salts from the hydrolysis of fraction L5 (Table II) were oxidised in dilute 
ice-cold aqueous solution with alkaline permanganate according to the procedure of Lapworth 
and Mottram (J., 1925, 127, 1628); 11 : 12-dihydroxyeicosanoic acid was produced, m. p. 130-5° 
after crystallisation from ethyl acetate (Found: C, 69-2; H, 11-5. Cy9H4 O, requires C, 69-8; 
H, 11-6%). 

Lapworth and Mottram (ibid., p. 1987) showed that 9 : 10-dihydroxystearic acid (from oleic 
acid), on subjection to further oxidation with cold aqueous alkaline permanganate, was con- 
verted into n-octoic, oxalic and suberic acids (instead of m-nonoic and azelaic acids). We 
similarly oxidised 11 : 12-dihydroxyeicosanoic acid (1-7 g.), dissolved in water (680 c.c.) and 
sodium hydroxide (3-4 g.), with potassium permanganate (6-8 g.) in water (510 c.c.) for 2} hours 
at room temperature, after which only 0-4 g. of the acid had been oxidised. The oxidation 
of the remaining acid was still incomplete after 48 hours at room temperature (0-3 g. remaining 
unattacked) ; it is clearly much more resistant to the action of alkaline permanganate solution 
than the dihydroxystearic acid. The dibasic acid product of oxidation was recovered from the 
united products and, after crystallisation from chloroform, melted at 130—132° (mixed with 
authentic sebacic acid, m. p. 131—132°) (Found: C, 59-2; H, 9-0; equiv., 103-4. Calc. for 
CyH,,0,: C, 59-4; H, 89%; equiv., 101). The alkaline permanganate oxidation of A™*?*- 
eicosenoic acid thus follows the same course as that of oleic acid, but is much slower in its 
second stage. 

Examination of the Mixed Alcohols of the Seed-wax.—The mixed alcohols (87 g.) were distilled 
in a vacuum, with the results shown in Table IV. 


TABLE IV. 
Fractional distillation of the mixed alcohols. 
Fraction. G. B. p./0-2 mm. Tod. val. (alcohols). Equiv. (acetates). 
Al 28-9 140—182° 86-6 342-8 
A2 31-9 182—185 84-7 350-5 
A3 20-9 185 80-4 350-1 
A4 5-1 Residue 88-1 385-4 


86-8 


The figures in Table IV suggest the presence of monoethenoid alcohols with a carbon content 
of not less than Cy, but also indicate a mixture of homologous alcohols which, as would be 
expected, has not been resolved into any individual compound. The analytical characteristics 
of fractions A2 and A3 correspond fairly well with those for a heneicosenol (C,,H,,O requires 
iod. val. 82, equiv. of acetate 352). 

Hydrogenation of the alcohols. Some of fraction A2 (15 g.) was hydrogenated in solution 
in purified kerosene, the latter being subsequently removed by distillation and the hydrogenated 
alcohols crystallised repeatedly from ether and ethyl acetate until their melting point was 
67—68°. The results of the X-ray spectrographic examination are given on p. 1751. 

A portion of the fully-hydrogenated alcohols (m. p. 63°, 5 g.), dissolved in glacial acetic 
acid (100 c.c.), was mixed with chromium trioxide (2-2 g.) at room temperature, and oxidation 
allowed to proceed for 20 minutes. The acetic acid was removed and the acid products (2-9 g.) 
from the oxidation were recovered and crystallised several times from ethyl acetate; m. p. 
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74—75° (depressed to 70—71° on admixture with n-eicosanoic acid) (Found : C, 77-3; H, 13-0; 
equiv., 326-8. Calc., respectively, for CygH 4902, Co3H 4.02, Co2H,O, : C, 76-9, 77-3, 77-6; H, 12-8, 
12-9, 12-9% ; equiv., 312, 326, 340). Further repeated crystallisation from alcohol finally yielded 
a small specimen of acid (m. p. 78—79°; unaltered when mixed with m-docosanoic acid, 
depressed to 71° on mixing with m-eicosanoic acid) (cf. also X-ray spectrographic examination, 
p. 1752). 

Oxidation of the unsaturated alcohols. A portion (15 g.) of fraction A3 was dissolved in acetone 
(150 c.c.) and oxidised in the usual manner with powdered potassium permanganate (60 g.), 
and the acidic products of oxidation recovered and distilled in steam until no further steam- 
volatile acids passed over. The acids in the aqueous condensate were extracted with ether, 
thoroughly dried, and distilled at atmospheric pressure; there were then obtained three fractions 
(1-3, 0-7, 0-7 g.; equiv. found, respectively, 155-5, 158-1, 156-6) and a residue (1-5 g., equiv., 
found, 158-5). The barium salt was prepared from the distilled acids (Found: Ba, 30-8. Calc. 
for C,,H,,0,Ba: Ba, 30-5%). The only monocarboxylic acid formed “by oxidation of the 
unsaturated alcohols is therefore n-nonoic acid, and all the alcohols have the general structure 
CH;°(CH,],°CH:CH-[CH,],-CH,OH. 

The acids not volatile in steam (5 g., primarily w-hydroxycarboxylic acids) were oxidised 
further by chromium trioxide (3-8 g.) in glacial acetic acid (100 c.c.), as described above. The 
dicarboxylic acids produced were crystallised from chloroform to remove any unchanged 
hydroxy-acid, and then melted indefinitely at 93—101°. They were obviously a mixture of 
acids and required much further crystallisation from chloroform before a small specimen was 
obtained, m. p. 107—109° (equiv., 122-8). The m. p. was raised to 108—110° after still further 
crystallisations and remained unaltered when the specimen was mixed with undecane-] : 11- 
dicarboxylic (brassylic) acid (Found: C, 64:1; H, 9-9. Calc. for C,,H,,O,: C, 63-9; H, 9-8% ; 
equiv., 122). 

Oxidation of the unsaturated alcohols to trihydric alcohols. Fraction A2 (5 g.) was dissolved 
in glacial acetic acid (50 c.c.) and oxidised at 80° with perhydrol (10 c.c.) for 6 hours (cf. Collin 
and Hilditch, J., 1933, 246). A mixture of solid trihydric alcohols was obtained which, after 
crystallisation from ethyl acetate, melted at 77—78° (Found: C, 73-0; H, 13-1. C,,;H,,O; 
requires C, 73-3; H, 128%). The product, in the light of the previous results, was probably 
a mixture of docosane-1 : 13 : 14-triol and eicosane-1 : 11 : 12-triol. 


SUMMARY. 


1. The fatty matter present in the seeds of Simmondsia californica Nutt., as previously 
observed by Greene and Foster (loc. cit.), is a mixture of wax-esters, and not glycerides. 

2. Detailed examination of the acid and alcohol components of the seed-wax has shown 
that these are of an unusual nature. The chief acid is A‘ 1®-eicosenoic, probably 
accompanied by small quantities of a higher (possibly docosenoic) acid and of oleic and 
palmitic acids; the amount of the latter two acids is, however, quite unusually small. A 
mixture of Cy) and Cy, unsaturated alcohols forms the alkyl portion of the wax esters. 
A138: 14_Tocosenol has been definitely identified and the other alcohol component (present 
in equal or slightly larger proportion) is probably A! ‘ 12-eicosenol. 

3. Simmondsia presents certain morphological anomalies in its seed; the chemical 
nature of the fatty matter in the latter is also abnormal both in its general character of a 
wax-ester and in the constitution of the component acids and alcohols of the seed-wax. 


Thanks are offered to the Department of Scientific and Industrial Research for a grant in 
aid of this research, to Prof. Greene and Dr. E. Lewkowitsch for assistance in obtaining the 
Simmondsia seeds, and to Dr. Malkin for undertaking the X-ray examination of some of the 
products. 
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388. The Dissociation Constants of Organic Acids. Part XVI.* The 
Thermodynamic Primary Dissociation Constants of some Alkyl- 
malonic Acids. 


By GEorGE H. JEFFERY and ARTHUR I. VOGEL. 


{ 

Part I (J., 1929, 1476) of this series records the results of some preliminary measurements 
of the “ classical ’’ dissociation constants of a number of substituted malonic acids. These 
values, as already pointed out (Part XI, J., 1935, 30; Part XIII, zbid., p. 1624), are subject 
to a number of errors and are only approximate. New measurements have now been 
carried out with methyl-, ethyl-, ”-propyl-, dimethyl-, methylethyl-, diethyl-, ethyl-n- 
propyl-, and di-n-propyl-malonic acids in silica Hartley cells and of the sodium salts in 
Pyrex Hartley cells at 25° over the concentration range 0-0001—0-01N. The data for the 
sodium salts have been corrected for hydrolysis and for the carbonic acid present in the 
water used (J., 1935, 24), and the limiting mobilities evaluated. The thermodynamic 
primary dissociation constants have been computed by a modification of MacInnes’s 
method (cf. Part XI, loc. cit.). ‘No trustworthy determinations of the true primary dis- 
sociation constants by conductivity have been published previously, the only data available 
for comparison being Gane and Ingold’s potentiometric measurements (J., 1929, 1691). 
Those authors corrected the classical values to zero ionic strength by an empirical method 
(J., 1931, 2153), and stated that a modification of the method of calculation by a suitable 
application of Debye and Hiickel’s equation for the activities of electrolytes ‘‘ involves 
practical difficulties ” (see, however, Part XIII, p. 1629, and Part XIV, where a method is 
described in which these difficulties are overcome). Table I contains our true primary 
constants, Gane and Ingold’s corrected values, and the limiting mobilities of the ions. 


TABLE I. 
K, x 10° K,, therm. K, X 10‘ K,, therm. 
Malonic acid. (G.&I1.). (J.&V.). oy, Malonic acid. (G.& 1). (J. & V.). Ugg. 
en eeveseccesee 8-92 8-47 61-4 Methylethyl- ... 13-8 15-43 53-1 
Ethyl- .......0000 10-3 10-94 57-7 Diethyl- ......... 61-5 70-80 52-5 
n-Propyl- ......... 10-1 10-26 53-7 Ethyl-n-propyl... 71-6 78-37 51-7 
Dimethyl- ......... 6-83 7-06 57-2 Di-n-propyl- ... 85-8 91-98 51-1 


For some acids the differences between the two values are considerable. The acids 
employed by Gane and Ingold ‘‘were either purchased or prepared by known 
methods, and in all cases carefully purified by recrystallisation before use” (J., 1929, 
1698); no record is given either of the melting points of the pure acids or of the 
solvents employed for recrystallisation. Our own acids were analytically pure, and 
all the relevant experimental details are given in the ‘‘ Experimental” section. Gane 
and Ingold employed the saturated calomel half cell in their measurements, for which 
they found a value, after standardisation against Walpole’s acetate buffers, of 0-2509 volt 
at 25° (Ingold and Mohrhenn, J., 1935, 951). German and Vogel (Part XII, J., 1935, 913) 
obtained the experimental figure of 0-2458 volt at 25°, in good agreement with those of 
Clark (‘‘ The Determination of Hydrogen Ions,” 1928, 314, 672) and Britton (‘‘ Hydrogen 
Ions,” 1932, 24). An error of 1 mv. will cause a variation of about 5% in the magnitude 
of the dissociation constants (see Part XIV, p. 1547). It is probable that both the difference 
of ca. 4-5 mv. and the empirical method of extrapolation to » = 0 contribute to the dis- 
crepancies between the two sets of values for K. 

The limiting mobilities of isomeric ions are in Table II, which includes also the data for 
the normal dibasic acids previously recorded (J., 1935, 22). The mobility of the normal 
straight-chain acid ion is slightly lower than that of the substituted acid ion, the difference 


* Two recent pee (J. Amer. Chem. Soc., 1936, 58, 1546; Phil. Mag., 1936, 22, 790) are regarded 
as Parts XIV and XV respectively. 
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(Part XI, loc. cit.). The approximate values for the secondary dissociation constants employed 
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TABLE II. 
Mobilities of Isomeric Ions at 25°. 

= 2 te 60-9 i aw en 56-9 (CH) g(COg)g sseeeseeeeee 47-4 
CHMe(CO,7), «.---.eeeeee 61-4 CHEMIE Da cvcversicsoons 57-7 CEtPr®(CO,7)¢ .........00 51-7 

GIT, exennsersvcanin 57-2 
2 oh 52-9 
og 7 Sy ee 53-7 ce RW Sean 501 
CMeEt(CO,-). se eeeeeceese 53-1 CEt,( Oz") eee eeeesecceses §2°-5 


being greatest for diethyl- and ethyl-n-propyl-malonates ; this runs parallel with the large 
increase in dissociation constant observed in passing from methylethy]- to diethyl- and more 
highly substituted acids. The subject will be discussed further when more data have been 
accumulated. 


EXPERIMENTAL. 


Preparation of Materials —Acids. The preparation and purification of all substances were 
carried out in Pyrex vessels, and all solvents for recrystallisation were of analytical reagent 
purity. The acids marked ‘‘ B”’ were specially prepared and purified by Messrs. Boots. 

(I) Methylmalonic acid (B). Recrystallised from benzene—ether-light petroleum (b.p. 40— 
60°); m. p. 132° (decomp.). 

(II) Ethylmalonic acid (B). Recrystallised as for (I); m. p. 114:5° (decomp.). 

(III) n-Propylmalonic acid. This was prepared as described in J., 1934, 337, and recrystal- 
lised successively from benzene and benzene-light petroleum (b. p. 40—60°) ; m. p. 96° (decomp.). 

(IV) Dimethylmalonic acid. Kahlbaum’s acid was recrystallised from benzene—ether-light 
petroleum (b. p. 60—80°); m. p. 193-5°. 

(V) Methylethylmalonic acid. Kahlbaum’s acid was recrystallised as for (I); m. p. 121°. 

(VI) Diethylmalonic acid (B). Recrystallised as for (IV); m. p. 127°. 

(VII) Ethyl-n-propylmalonic acid. This was prepared and purified as described in J., 1929, 
1477; m. p. 116°. 

(VIII) Di-n-propylmalonic acid. Kahlbaum’s acid was recrystallised from chloroform and 
had m. p. 160°. 

All the acids were dried in a vacuum desiccator over calcium chloride for several days before 
use. 

Sodium salts. The methyl- and ethyl-malonates were prepared and purified by Messrs. 
Boots. The other salts were prepared by treating weighed quantities of the pure acids with the 
calculated volume of standardised sodium hydroxide solution, prepared from the AnalaR - 
solid, and the resultant solutions were evaporated to dryness on the water-bath. All the salts 
were recrystallised from dilute alcohol; methyl-, ethyl-, dimethyl-, ethyl-n-propyl-, and di- 
n-propyl-malonates from ethyl alcohol, and u-propyl-, methylethyl- and diethyl-malonates 
from methyl alcohol, and then dried at 130°. In all cases the sodium content was determined 
by conversion into sulphate; the analytical data were as follows : 


Substituent. Me. Et. Pra. Me, MeEt. Et, EtPre. Pr. 
Na, 9 { Found «....... 28-31 2618 2417 2610 2423 22-61 21-12 19-85 
aie 0{ Cale. iienian 28-29 2615 2422 2615 2422 2255 21:10 19-84 


General Technique and Apparatus for Conductivity Measuremenis.—This has been described 
in Part XI (/oc. cit.). The same Hartley cells were employed, and their cell constants found to 
be unchanged. All measurements were carried out at 25° + 0-01°. 

For the sodium salts, the application of a ‘“‘ normal ’”’ solvent correction yielded the following 
results for the preliminary calculation of the mobilities required for the application of the 
combined solvent and hydrolysis correction (J., 1935, 24). 


Na salt of Foxe logy Na salt of boxes longs 
(I) po"=pe + 1236-0 C%-786—214-7 57-6 28-8 (V) po" =e +791-4 C%-8%4—196-8 48:6 24:3 
(II) p"=p_-+1142-4 C%-40—205-2 52-8 26-4 (VI) po" =p. +874:3 C%-875—195-0 47-7 23-9 
(IIT) po*=p,-+1050-7 C*728—197-5 48-9 24-5 (VII) po*=¢e+771-5 C82 —193-4 46:9 23-5 
(IV) po"=p-+ 886-5 C%8—204-5 52:5 263 (VIII) po"=p,+971-0 C%8%4—190-6 45:5 22-8 


The limiting mobilities of the acid ions were calculated from the relation 45,’ = 0°53/),.. 
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were: 1:5 x 10° for acids (I), (II), and (III); 1-0 x 10 for (IV); 0-5 x 10 for (V); 0°5 x 
10-7 for (VI), (VII), and (VIII). The corrected results for the sodium salts at 25° are in 









Table ITI. 
TABLE III. 
Sodium methylmalonate (M = 162-03). 
Ho" = Me + 315-3C%; pow = 222-46; 1,,,, = 61-4; lg y, = 32°5. 
C x 10%. yw, obs. [H*]x10*. yp, corr. Ho". C x 104. yw, obs. [H*]x10*. y, corr. Ho” 
Run l. Cell V. «x = 0-670 Run 2. Cell S. « = 0-675. 
1-710 212-33 7-63 218-18 _- 3-512 210-95 2-99 213-72 -- 
5-993 209-40 2-19 210:93 222-57 9-951 206-90 1-44 207-84 222-39 
12-36 205-82 1-11 206-47 222-43 17-54 203-05 0-83 203-52 222-28 
22-41 201-04 0-65 201-34 222-21 30-17 198-33 0-51 198°57 222-38 
37-78 196-26 0-42 196-36 222-58 45-46 194-12 0-33 194-21 222-69 
57-81 191-86 0-30 191-95 (223-73) 61-72 190-89 0-29 190°96 (224-02) 
75:73 188-69 0-25 188-76 — 82-53 187-68 0-24 187-73 — 
97-07 185-64 0-20 185-71 “= 94-07 186-16 0-21 186-20 _— 
Sodium ethyimalonate (M = 176-04). 
Ho" = pw, + 274-9C%4*4; yom = 214-97; 1h,,, = 57°75 logy, = 30°6. 
Run 1. Cell V. x = 0-666. Run 2 Cell S. « = 0-671. 
1024 204-46 13-00 213-80 — 3-142 202-41 3-21 205-17 —_— 
5-264 201-47 2-19 202:93 214-99 7618 199-69 1-78 200-91 215-10 
11-37 197-58 1-27 198-14 214-79 15-16 195-77 0-97 196-39 215-07 
23-60 192-16 0-64 192-58 215-05 25-47 191-38 0-58 191-75 214-96 
35-60 188-17 0-43 188-30 214-91 38-76 187-06 0-42 187-30 214-84 
51-98 184-20 0-31 184-28 (215-48) 54-45 183-19 0-30 183-30 215-03 
67-59 180-71 0-27 180-73 — 71-19 180-12 0-26 180-19 (215-67) 
85-89 177-75 0-22 177-76 — 99-80 176-08 0-19 176-09 — 
Sodium n-propylmalonate (M = 190-06). 
Ho” = Me + 303-8046; yo" = 206-98; 1,,,, = 53°7; logy, = 28°5. 
Run |. Cell V. x = 0-659. Run 2. Cell S. x = 0-676. 
1-004 196-05 13-2 206-43 — 3512 193-91 3-52 196-88 _ 
4-695 193-89 2-51 195-52 207-13 7-527 191-50 1-77 192-62 206-76 
11-73 188-72 1-25 189-54 206-97 16-44 186-60 0-91 186-99 206-77 
22-44 184-38 0-67 184-78 207-39 27°23 182-02 0-56 182:38 206-88 
31-71 180-84 0-47 181-01 207-18 36-91 179-51 0-42 179-84 (207-72) 
47-75 176-47 0-32 176-60 (207-75) 57-48 174-06 0-30 174-21 _- 
61-63 173-46 0:29 173-54 — 72-56 171-76 0-28 171-90 a 
82-05 170-81 0-22 170-84 a 98-61 169-42 0-19 169-45 — 
Sodium dimethylmaionate (M = 176-04). 
Lio” = pe + 264-9088; yom = 214-01; Jy... = 57-2; lon y, = 30-3. 
Run l. Cell V. « = 0-555. Run 2. Cell S. « = 0-571. 
1-241 202-29 5-04 208-07 — 2-712 200-97 2-12 203-44 — 
5-409 199-56 1-25 200-71 213-97 7-598 197-81 1-01 198-62 213-81 
10-64 196-09 0-69 196-60 213-96 14-99 193-50 0-52 194-01 213-90 
23-14 190-18 0-37 190-23 213-88 28-17 188-23 0-33 188-35 213-93 
42-53 184-10 0-21 184-12 214-29 38-24 185-08 0-23 185-18 214-08 
63-37 179-39 0-19 179-39 (214-68) 53-41 181-22 0-20 181-24 214-26 
82-11 176-30 0-16 176-28 -_- 72-65 177-58 0-18 177-58 (214-85) 
103-2 173-02 0-13 172-98 — 91-61 174-49 0-14 174-46 -- 
Sodium methylethylmaionate (M = 190-06). 
Ho" = He + 278-3048; wo" =» 205-88; Jy,,, = 53-1; My... = 28-1. P 
Run I. Cell V. x = 0-688. Run 2. Cell S. « = 0-657. 
1-210 195-07 3-92 203-00 — 2-712 193-11 1-71 195-82 — 
5-584 191-78 0-88 193-29 (206-47) 8-699 189-52 0-66 190-18 205-87 
11-30 187-67 0-48 188-32 205-79 16-24 185-01 0-33 185-81 206-05 
22-46 182-39 0:27 182-77 205-88 28-99 180-09 0:27 180-24 205-84 
33-58 178-49 0-25 178-61 205-85 42-61 175-68 0-23 175-79 205-83 
53-12 173-64 0-21 173-64 (206-46) 60-53 171-67 0-20 171-67 (206-32) T 
67-92 170-68 0-17 170-67 (206-85) 77-78 168-82 0-15 168-80 (207-13) fc 
86-63 167-60 0-11 167-56 _ 99-71 166-23 0-09 166-17 — 


















Sodium diethylmalonate (M = 204-07). 
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n Bo" = Me + 243-00% 378; yom = 204-53; lox. = 52-5; logx = 27°8. 
Run 1. Cell V. x = 0-748. Run 2. Cell S. x = 0-740. 
1-414 193-11 0-552 199-68 — 2-997 191-17 0-214 192-22 — 
6-223 189-19 0-138 189-18 204-32 9-992 186-32 0-171 186-32 204-41 
12-78 185-07 0-086 184-62 204-46 16-23 182-98 0-075 182-89 204-57 
23-54 180-07 0-056 179-53 204-50 26-98 178-65 0-053 178-42 204-68 
43-91 173-60 0-040 173-05 204-61 39-81 174-91 0-047 174-21 204-65 
63-63 169-33 0-032 168-82 (205-13) 53-64 171-16 0 030 17076 (204 80) 
85°32 166-01 0-028 165-51 — 74-52 167-43 0-029 166-89 = 
102-9 163-29 0-025 162-80 — 90-33 165-09 0-026 164-43 — 
Sodium ethyl-n-propylmalonate (M = 218-09). 
Ho" = He + 229°6C%366; wo" = 203-05; Jp,. = 51-7; logy, = 27:4. 
Run. 1. Cell V. x = 0-741. Run 2. Cell S. x = 0-743. 
) 0-918 190-22 0-779 199-46 — 3-312 189-11 0-212 191-91 — 
6°536 187-22 0-137 187-51 203-36 10-24 184-62 0-100 184:54 203-01 
11°62 183-93 0-095 183-68 203-01 17-11 181-33 0-072 180-71 203-02 
19-04 180-14 0-058 179-29 202-88 29-29 180-36 0-049 175-74 202-91 
31-26 175-62 0-046 174:96 202-77 42-14 172-41 0-036 171-90 202-93 
47-72 171-40 0-033 170°85 203-32 56-28 169-18 0-031 168-78 203-25 
60-93 168-53 0-030 168-02 (203-52) 74-99 165-92 0-028 165-51 (203-83) 
78-59 165-45 0-028 164-98 - = 97-82 163-08 0-026 162-48 — 
Sodium di-n-propylmalonate (M = 232-11). 
Ho™ = Be + 218-3C%347; yo» = 201-73; Tox», = 51-1; logy, = 27-1. 
Run 1. Cell V. «x = 0-751. Run 2. Cell S. x = 0-755. 
5-416 185-98 0-159 186-26 (202-36) 2751 187-70 0-22 190-85 — 
| 10-60 181-86 0-104 181-54 201-79 7-342 183-91 0-13 183:90 201-75 
16-86 178-05 0-073 177-51 201-61 13-72 179-93 0-082 179-58 202-08 
31-30 172-48 0-056 172-13 201-65 23-84 175-36 0-056 174-82 201-65 
51-12 167-83 0-031 167-20 (202-23) 38-28 170-42 0-048 169-95 201-58 
62-34 164-99 0-030 164-36 (202-88) 59-57 165-48 U-030 164-89 201-77 
86°18 161-00 0-027 160-37 — 77-72 162-19: 0-028 161°68 (203-17) 
100-6 158-85 0-024 158-45 — 


The values at round concentrations, obtained with a flexible spline, are in Table IV. 


7) 
x 
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Acid. 
Ny 


* 








Me. 
212-00 
207-85 
202-45 
198-62 
195-65 
193-25 
191-28 
189-52 
188-00 
186-65 
185-38 


(I) 
82-3 
78-56 


Et. 
203-10 
199-08 
194-02 
190-15 
187-00 
184-35 
182-22 
180-32 
178-68 
177-28 
176-00 


TABLE IV. 


Pr, Me,. 
195-30 200-80 
190-85 197-00 
185-30 191-62 
181-32 187-72 
178-20 184-62 
175-68 182-08 
173-72 179-92 
172-20 178-02 
170-95 176-35 
170-05 174-85 
169-38 173-43 


MeEt. Et,. 

193-18 190-10 
189-25 186-46 
183-90 181-05 
179-92 177-20 
176-68 174-15 
174-02 171-62 
171-82 169-50 
169-96 167-65 
168-40 166-05 
167-05 164-55 
165-80 163-20 
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EtPr¢. 
188-15 
183-85 
178-18 
174-48 
171-52 
169-12 
167-10 
165-35 
163-83 
162-50 
161-25 


The data employed for the sodium hydrogen salts were : 


(11) 
80-4 
78-13 


(III) (IV) 
78:3 80-1 
17-65 78-06 


(V) (V1) 
77-9 77-6 
77-56 77-4 


9 


for experience has shown that they are of little value in its final evaluation. 


(VII) 
77-2 
77-40 





Pre,. 

186-50 
181-92 
176-25 
172-55 
169-55 
166-98 
164-83 
162-96 
161-35 
159-90 
158-62 


The True Primary Dissociation Constants—These were computed exactly as detailed in 
Part XI (loc. cit.). 


(VIII) 
76-9 
17°34 


The values for K,, therm., were not calculated for some of the results at low concentrations, 
The collected 


Cx10. yp, obs. 
Run 1. 
1-096 347-17 
5-383 267-02 
10-88 222-14 
24:10 172-04 
49°59 131-28 
69-40 115-28 
90°37 103-50 
113-2 94-23 
Run 1, 
0-942 434-03 
5-719 289-63 
9-760 250-74 
23-21 191-14 
42-26 154-23 
64:28 131-34 
79-47 120-69 
97:64 111-03 
Run 1. 
1-016 354-70 
5-314 275-62 
9:896 237-41 
21-19 189-28 
47-11 142-90 
59-55 130-92 
69-18 123-58 
80:94 116-24 
Run 1. 
1-392 326-18 
10-15 213-44 
17-77 178-27 
34:19 140-77 
50-61 120-44 
68-44 106-60 
88-45 96-23 
Run 1. 
0-985 409-21 
4-952 311-57 
15-76 236-72 
24-99 206-36 
50:29 163-00 
70-79 143-68 
90:32 130-94 
106-0 122-92 
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TABLE V. 


Primary Dissociation Constants at 25°. 


10°K,, Ay. eo. x 104. 10°K,, 10°K,, 
class. therm. Cx10. p, obs. class. Ay 6% KIO. 
Methylmalonic Acid (M = 118-05; A, = 380-5). 

Cell Q. x = 0-768. Run 2. Cell R. « = 0-751. 
(1-041) — == 3-985 299-51 (1-160) — — 
(0-889) — — — 8-187 242-75 (0-921) — o~ 
0-891 378-52 6-3830 0-855 14:99 202-43 (0-907) — ~~ 
0-899 377-63 10-9668 0-851 27-07 165-01 0-899 377-93 9-3883 
0-901 376-20 17-3462 0-842 38:37 144-98 0-900 376-84 14-7619 
0-914 375-58 21-3005 0-847 58-31 123-47 0-909 375-64 20-7183 
0-919 375-05 24-9390 0-846 81-88 107-82 0-918 375-25 23-5264 
0-923 374-52 28-4880 0-846 101-7 98-49 0-920 374-78 26-7262 

Mean 
Ethylmalonic Acid (M = 132-06; A, = 378-6). 

Cell Q. « = 0-570. Run 2. Cell R. «x = 9-562. 

an — oe _ 3-512 312-51 (1-371) — a 
(1-424) — ~_ —_ 7-219 272-01 (1-324) — — 
(1-268) — — _. 17-01 212-49 (1-221) — _ 
(1-195) — — -- 30-75 173-25 1-187 375-09 14-2031 
1-183 374-29 17-4128 (1-116) 45-74 149-35 1-176 374-18 18-2683 
1-185 373-52 22-6024 1-097 57°75 136-72 1-179 373-73 21-1264 
1-186 373-08 25-7065 1-090 72-64 125-19 1-187 373-24 24-3645 
1/188 373-56 29-0991 1-088 91-11 114-46 1-194 372-71 27-9801 

Mean 
n-Propylmalonic Acid (M = 146-08; A, = 376-5). 

Cell Q. « = 0-768. Run 2. Cell R. « = 0-781. 
(1-558) — — _ 4-296 291-46 (1-140) — a 
(1-063) — — — 14:49 215-52 (1/110) — -_ 
1-065 374-55 62724 1-024 25-18 178-81 1-082 373-43 12-0570 
1-077 373-71 10-7337 1-021 34-95 159-36 1-086 372-83 14-9388 
1-094 372-13 18-0915 1-022 53-59 136-41 1-103 371-88 19-6575 
1-104 371-68 20-9758 1-025 65:72 126-25 1-112 371-44 22-3378 
1-109 371-38 23-0197 1-027 84-37 114-39 1-119 370-93 26-0186 
1-119 371-00 25-3596 1-029 103-0 105-47 1-123 370-43 29-3265 

Mean 
Dimethylmalonic Acid (M = 132-05; A, = 378-3). 

Cell Q. = 0-585. Run 2. Cell R. « = 0-596. 
(0-751) — -—- oo 4-460 269-55 (0-788) — — 
(0-741) — _— —_ 12:99 197-46 0-741 376-25 6-8173 
0-746 375-95 98-4268 0-710 23°78 161-22 0-753 375-61 10-2069 
0-754 375-95 12-8266 0-709 31-41 145-34 0-753 375-38 11-3496 
0-753 374-31 16-2847 0-705 41-66 130-29 0-754 374-72 14-4852 
0-757 373-67 19-5245 0-703 57-57 114-41 0-755 373-97 17-6126 
0-768 373-22 22-4934 0-710 75-79 102-25 0-759 373-50 20-7484 

99-34 91-78 0-772 372-93 24-4481 
Mean 
Methylethylmalonic Acid (M = 146-08; A, = 376-1). 

Cell Q. «x = 0-678. " Run 2. Cell R. « = 0-674. 

— — —- ~—- 4171 325-31 (2-259) — —_ 
(1-981) — -- — 19-19 223-88 (1-680) — — 
(1-684) — _ —_ 28-44 197-24 1-645 372-42 15-0623 
1-664 372-68 13-8294 (1-572) 34-48 184-76 1-636 371-88 17-1306 
1-667 371-11 22-0863 1-551 45-01 169-51 1-665 371-34 20-5463 
1-672 370-34 27-4670 1-541 58-85 153-88 1-668 370-76 24-4250 
1-680 369-66 31-9920 1-538 77-15 139-00 1-672 370-10 28-9755 
1-682 369-16 35-2970 1-532 98-60 126-33 1-676 369-42 33-7181 


10°K,, 


therm, 


lt | 


(1-117) 
1-098 
1-095 
1-096 
1-097 
1-094 


0-709 
0-713 
0-709 
0-707 
0-704 
0-704 
0-711 
0-706 








gr 











1-033 

5-786 
13-27 
25-06 
50-74 
67°80 
92-00 

114-2 


1-319 

6-607 
12-35 
28-79 
52-82 
76-25 
95-53 


2-524 

6-892 
10-09 
21-47 
40-73 
62-51 
84-16 
99-72 
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Diethylmalonic Acid (M = 160-10; A, = 375-8). 

Run 1. Cell R. « = 0-793. Run 2. Cell Q. « = 0-801. 
409-73 — — —_ —_— 3-775 372-64 (43:17) — — — 
358-23 (11-26) — —_ — 18-29 313-35 (7-651) — — _ 
327-47 (7-833 — _— — 32-16 284-33 7-563 370-42 24-6856. 7-264 
297-66 7-563 371-12 20-1005 7-173 41-39 269-76 7-558 369-50 30-9214 7-183 
257-55 7-573 368-37 35-3477 7-138 59-26 247-82 17-568 368-29 39-8757 7-083 
239°54 7-597 367-79 44-1592 7-067 70-90 236-61 7-586 367-63 45-6319 7-036 
220-57 7-672 366-55 55-3625 6-924 84:12 22620 7-655 366-89 51-8553 7-052 
206'75 7-683 365-65 64-5563 6-967 104-7 212-19 7-666 366-02 60-6969 6-985 

Mean 7-080 
Ethyl-n-propylmaionic Acid (M = 174-07; A, = 375-4). 

Run Il. Cell R. « = 0-781, Run 2. Cell Q. x = 0-842. 
380°31 — — — — 4-311 360-66 (10-13) — — — 
349-30 (8-400) — — —_ 19-64 314-33 (8-464) — —_ — 
331-43 (8-265) — — — 31-49 290-65 (8-364) — — _ 
294-75 8-263 370-31 22-9166 (7-995) 37°93 274-49 8-229 369-45 28-6942 7-871 
260-15 8-263 368-24 37-3174 7-790 46:18 268-31 8-269 368-74 33-6024 7-844 
238-39 8-425 366-75 49-5632 7-815 60-11 252-58 8-317 367-74 41-2864 7-798 
224-91 8-552 365-79 58-7341 7-844 72-18 242-18 8-465 367-01 47-6296 7-872 

87°61 230-32 8-532 366-18 55-1050 7-861 
Mean 7°837 
Di-n-propylmalonic Acid (M = 188-13; A, = 375-1). 

Run i. Cell R. « = 0-741. Run 2. Cell Q. x = 0-768. 
365-12 (8-992) — — — 4-751 355-46 8-142 — — —- 
348-21 (8-284) — — — 14-75 325-91 8-493 371-88 12-9267 (8-431) 
337-30 8-094 372-09 10-3576 (8-154) 23-61 310-12 9-317 370-48 19-7634 9-158 
312-75 8-981 370-75 18-1113 (8-848) 36:11 289-98 9-511 369-19 28-3526 9-197 
283-84 9-585 368-76 31-3505 9-199 50-62 272-01 9-686 367-93 37-4233 9-205 
260-25 9-827 367-08 44-3178 9-249 73-12 250-84 9-870 366-42 50-1557 9-215 
242-13 9-892 365-82 55-7041 9-167 78-16 246-72 9-878 366-13 52-6688 9-190 
232-24 10-04 365-05 63-4405 9-218 93:23 236-07 9-964 365-37 60-2370 9-182 

Mean 9-198 





results are in Table V (the symbols have their customary significance), and the values of p, at 
round concentrations for the acids are in Table VI. 


TABLE VI. 
Molecular Conductivities of Alkylmalonic Acids at 25°. 
Et. Pre. Me,. MeFt, 
390-0 331-0 340-0 407-0 
294-0 274°8 249-5 311-8 
251-0 238-2 213-0 265-8 
201-3 193-7 171-6 218-6 
175-0 167-2 146°6 192-8 
157°3 151-5 131-6 176-3 
144-6 139-8 120-7 163-5 
134-7 130-7 112-3 153-2 
126-8 123-3 105-7 144-7 
120-3 116-8 100-2 137-4 
114-8 111-1 95-5 131-2 
110-1 105-8 91-6 125-7 


Cc x 104. Me. 
1-0 350-0 
5-0 267°6 

10-0 229-5 
20-0 183-4 
30-0 159-5 
40-0 143-6 
50-0 131°8 
60-0 122-7 
70-0 115-3 
80-0 109-0 
90-0 103-7 
100-0 99-2 


grants. 
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Et.. EtPr+, 
410-0 382-0 
363-4 357°8 
339-8 338-0 
309-0 312-3 
288-4 293-4 
272°1 277-8 
258-8 265-1 
247-7 254+1 
237°8 244-7 
229-3 236-3 
221-4 228-7 
214-3 222°1 


Pr,*, 
372-0 
254:8 
338-2 
315-6 
298-6 
284-6 
272-8 
262-5 
253-7 
245-5 
238-2 
232-2 
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By HERBERT H. HopcGson and REGINALD L. ELLIOTT. 


DUuRING attempts to prepare 2 : 3-halogenonitronaphthalenes (this vol., p. 1151) we found 
that the halogen atom in 2-halogeno-NN’-diacety]-1 : 4-naphthylenediamines was elimin- 
ated in each of the nitration methods used, and replaced by a nitro-group, whereas in 
4-halogeno-N N’-diacetyl-1 : 2-naphthylenediamines the chlorine or bromine atom was 
stable and only iodine was eliminated with the formation of 4-nitro-NN’-diacetyl-1 : 2- 
naphthylenediamine. This work has now been extended to the nitration of 3-chloro- 
NN’-diacetyl-1 : 2-naphthylenediamine, the three 4-halogeno-2-N-acetyl-1 : 2-naphthylene- 
diamines, and the three 2-halogeno-1-N-acetyl-1 : 4-naphthylenediamines. : 

During the preparation of 3-chloro-NN’-diacetyl-1 : 2-naphthylenediamine, it was 
found that, whereas in the attempted diacetylation of 4-halogeno-1 : 2-naphthylenedi- : 
amines only the 2-amino-group was acetylated (cf. Morgan and Godden, J., 1910, 97, 
1709; Hodgson and Elliott, J., 1935, 1853), 3-chloro-1 : 2-naphthylenediamine was diacetyl- 
ated simultaneously in both amino-groups—a reaction in harmony with the formation by 
this diamine of a dihydrochloride, whereas 4-halogeno-1 : 2-naphthylenediamines only form 
monohydrochlorides. 

An explanation of the above phenomena may perhaps be found in the Erlenmeyer 
static formula (inset) for naphthalene, in which, because of the suppression of oscillation 
and the valency claim made on the double bond shared between the rings, the two nuclei 
are less aromatic than true benzene rings, and each contains a 1 : 4-conjugated 

(butadienoid) system with enhanced reactivities at the 1- and the 4-position 
Jn. Xx \, (cf. Fieser and Lothrop, J. Amer. Chem. Soc., 1935, 57, 1462). Halogens 
| ‘ in the 4-position would thus tend by their inductive (— I) effect to restrict 


~~ -—- wosrs ASS CO 


\ No the salt-forming affinity of the l-amino-group in the 1 : 2-diamines, but could I 
only slightly affect that of the 2-amino-group: hence acetylation and k 
hydrochloride formation would occur preferentially at the 2-amino-group. This inductive ( 
effect of the halogens (even of iodine) appears sufficient to prevent entirely the I 
reactivity of 4-halogeno-2-N-acetyl-1 : 2-naphthylenediamines towards 1-N-acetylation d 
and of 4-halogeno-1 : 2-naphthylenediamines towards dihydrochloride formation. Halogens . 
in the 3-position, however, have apparently little effect on either the 1- or the 2-amino- 
group, both of which in consequence react with acetic anhydride and with hydrochloric 
acid. These reactions prove that it is not the initial monoacetylation and monohydro- 
chloride formation at the 2-amino-group which inhibit further reactivity at the l-amino- 
group, and they constitute further evidence in support of the static Erlenmeyer formula. - 
Whereas in 2-halogeno-4-N-acetyl-1 : 4-naphthylenediamines nitration occurs normally ¢ 
at the 3-position to give 2-halogeno-3-nitro-4-N-acetyl-1 : 4-naphthylenediamines (Hodgson ‘i 
and Smith, J., 1935, 674), acetylation of the 4-amino-group produces an entirely different wi 
result in that all 2-halogeno-NN’-diacetyl-1 : 4-naphthylenediamines have their halogen " 
atom displaced by a nitro-group whatever the conditions of nitration (Hodgson and Elliott, a 
loc. cit.). In exactly similar fashion, the halogen atom is replaced by a nitro-group during n 
the nitration of 4-halogeno-2-N-acetyl-l1 : 2-naphthylenediamines and of 2-halogeno- w 
1-N-acetyl-1 : 4-naphthylenediamines. al 
Replacement of a halogen atom by a nitro-group depends for its first phase on the c 
anionoid character of the carbon atom which is to be attacked by the electron-seeking al 
(electrophilic) reagent, and owing to the prevailing negative inductive (— J) effect of ac 
chlorine or bromine, this is apparently insufficient in 4-chloro- and 4-bromo-NN’-diacety]- 1 
1 : 2-naphthylenediamines for reaction to be initiated at the 4-carbon atom, so that nitration - 
occurs normally at the 3-position as in the ortho-nitration of chlorobenzene. The more 
amphoteric character of iodine, however, enables this element, under the influence of the e 


electrophilic reagent, to exercise its electromeric (+ 7) effect, with subsequent attack 
at the 4-carbon atom by the reagent and replacement of the iodine by a nitro-group. In per 
4-halogeno-2-N-acetyl-1 : 2-naphthylenediamines, the donating l-amino-group in those 
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molecules where salt formation with the nitric acid has not taken place (cf. the para- 
nitration of aniline), inhibited perhaps by chelation between the l-amino- and the 2-acet- 
amido-group, enables the 4-carbon atom to become sufficiently anionoid, by the mechanism 
of the conjugated 1 : 4-system, for reaction with nitric acid to occur and consequently 
all the halogens are displaced. In 2-halogeno-1-N-acetyl-1 : 4-naphthylenediamines, salt 
formation at the 4-amino-group will deactivate the 3-position, and thereby render the 
2-position the most anionoid, with consequent attack and replacement of all the halogen 
atoms. As would be anticipated, the nitration of 3- and 4-halogeno-1-N-acetyl-l : 2- 
naphthylenediamines could not be investigated owing to their great instability under 
the drastic conditions. 

It was reported previously by the authors (loc. cit.) that the halogen tended to be 
eliminated during the nitration of 3-halogenoaceto-l-naphthalides above 35°, the displace- 
ment being complete at 90° with the production of 2 : 3-dinitroaceto-l-naphthalide. 
This reaction has now been found to occur only with the chloro- and the bromo-compound, 
the nitration of 3-iodoaceto-l-naphthalide at 80—90° giving unexpectedly 3-iodo-2-nitro- 

CO: aceto-l-naphthalide. This apparent anomaly might perhaps 
Va \ ARR aeOeae find an explanation in chelation between the 3-iodo- and the 
to} re Cl * 2-nitro-group, whereas such co-ordination is improbable between 
4 Ky” substituent chlorine or bromine and the nitro-group. In 3- 
. chloro-NN’-diacetyl-1 : 2-naphthylenediamine (inset), the 4- 
carbon atom is deactivated by the combined negative inductive (— J) effect of the chlorine 
atom and the negative effect of the second nucleus, whereas the 3-carbon atom will possess 
greater electronic density owing to the positive (+ J) combined inductive effects of the 
1 : 2-diacetamido-groups. In consequence the 3-carbon atom will be more anionoid than 
the 4-carbon atom, with consequent initial attack of the nitric acid and subsequent 
replacement of the chlorine by the nitro-group. 

In view of the analogy of the above eliminations with the straight nitration of aromatic 
hydrocarbons, electropositive halogens being displaced in like manner to electropositive 
hydrogen, support would appear to be given to Michael’s aldolisation theory of nitration 
(cf. J. Amer. Chem. Soc., 1935, 57, 1268). The elimination would then appear as a three- 
phase mechanism, viz., the initial attack of the electrophilic nitric acid polarised as 

+ 


NO,OH, succeeded by the expulsion of positive halogen with formation of the very 
unstable group —NO(OH)(OHal.), and finally the scission of hypohalogenous acid. 


EXPERIMENTAL. 


Preparation of 3-Chloro-NN’-diacetyl-1 : 2-naphthylenediamine.—3-Chloro-2-nitroaceto-1- 
naphthalide (8 g.) (Hodgson and Elliott, this vol., p. 1152), intimately mixed with stannous 
chloride (60 g.), was added to a mixture of alcohol (15 c.c.) and hydrochloric acid (50 c.c., d 1-16) 
and very gradually heated with agitation until the reaction commenced. Reduction proceeded 
vigorously and after its completion 3-shloro-1-N-acetyl-1 : 2-naphthylenediamine stannichloride 
separated, on cooling, as a pink crystalline powder [Found: Cl, 35-5. (C,,H,,ON,Cl),SnCl, 
requires Cl, 35-4%]. A suspension of the stannichloride (5 g.) in cold water (100 c.c.), on rapid 
addition with stirring of aqueous ammonia (5 c.c., d 0-880), gave 3-chloro-1-N-acetyl-1 : 2- 
naphthylenediamine, which quickly oxidised superficially and acquired a deep blue colour. It 
was rapidly filtered off, washed with a little 5% aqueous alcohol to remove admixed ammonia, 
and crystallised from hot water, forming cream-coloured plates, m. p. 161° (Found: Cl, 15-0. 
C,,H,,ON,Cl requires Cl, 15-1%). Such washing procedure has been found very efficacious 
after the liberation of readily oxidisable bases. The above base, in solution in 20% acetic 
acid, was rapidly acetylated when shaken with acetic anhydride, giving 3-chloro-NN’-diacetyl- 
1 : 2-naphthylenediamine, which crystallised from glacial acetic acid in almost colourless plates, 
m. p. 317-5° (Found: Cl, 12-7. C,,H,,;0,N,Cl requires Cl, 12-8%). 

Nitration of 3-Chloro-NN’-diacetyl-1 : 2-naphihylenediamine.—The finely powdered diamine 
(2 g.), when stirred into cold nitric acid (10 c.c., d 1-42), dissolved immediately. After 30 
seconds, the solution was stirred rapidly into cold water (100 c.c.) and the pale yellow precipitate 
of 3-nitro-NN’-diacetyl-1 : 2-naphthylenediamine was collected and crystallised from glacial 
acetic acid, forming pale yellow, feathery needles, m. p. 303° (Found: N, 14-9. C,,H,,;0,N; 
requires N, 14-6%). 
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Preparation of 3-Chioro-1 : 2-naphthylenediamine.—Reduction of 3-chloro-2-nitro-1-naphthyl- 
amine (5 g.) (Hodgson and Elliott, Joc. cit.) by the standard acid stannous chloride procedure 
adopted in these investigations gave 3-chloro-1 : 2-naphthylenediamine dihydrochloride, which crys- 
tallised from dilute hydrochloric acid in light sandy nodules (Found: Cl, 40-2. C,,H,N,Cl,2HCl 
requires Cl, 40-0%). Basification by ammonia liberated 3-chloro-1 : 2-naphthylenediamine, 
m. p. 136° (Found: Cl, 18-2. CC, sH,N,Cl requires Cl, 18-4%), which, however, rapidly oxidised 
in the air. 3-Chloro-NN’-diacetyl-1 : 2-naphthylenediamine was readily prepared from the 
liberated base by shaking it with a mixture of dilute acetic acid and acetic anhydride; the 
product crystallised from glacial acetic acid in almost colourless plates, m. p. 317-5°, identical 
with the product obtained as above. 

Attempted Nitration of 4-Halogeno-1 : 2-naphthylenediamines.—(a) 4-Chloro-, 4-bromo-, and 
4-iodo-1 : 2-naphthylenediamine (1 g.) (Hodgson and Elliott, J., 1935, 1853) were dissolved 
each in glacial acetic acid (20 c.c.) and treated with nitric acid (3 c.c., d 1-42), and the mixtures 
gradually heated to 90°; nitration then occurred, the temperature remained constant for 
ca. 2 minutes, and the colour of the solutions changed from olive-green to deep red-brown. 
After 10 minutes, water (50 c.c.) was added with stirring. The deep yellow precipitates of 
4-nitro-2-N-acetyl-1 : 2-naphthylenediamine were filtered off after 1 hour and recrystallised once 
from glacial acetic acid and once from 85% formic acid, pale golden-yellow needles, m. p.’s and 
mixed m. p.’s 245°, being obtained (Found: N, 17-3. C,,H,,O3;N, requires N, 17-1%). 

(b) Each of the 4-halogeno-2-N-acetyl-1 : 2-naphthylenediamines (1 g.) was suspended in 
cold water (30 c.c.) and treated with nitric acid (25 c.c., d 1-42): nitration occurred and the 
temperature rose to 60°. After 1 minute, the mixtures were poured into water (50 c.c.) and 
the bright yellow precipitates of 4-nitro-2-N-acetyl-1 : 2-naphthylenediamine were filtered off 
and worked up as under (a); m. p. and mixed m. p. with the products from (a), 245°. 

The displaced halogens were identified in both the (a) and the (b) filtrates. Oxidation 
of the nitration products from (a) and (b) afforded unsubstituted phthalic acid, showing that 
nitration had not occurred in the second nucleus. In all the nitrations there were diminished 
yields due to oxidation as in the nitration of 2-nitro-NN’-diacetyl-1 : 4-naphthylenediamine 
(Hodgson and Elliott, this vol., p. 1153). 

Nitration of 2-Halogeno-1-N-acetyl-1 : 4-naphthylenediamines.—2-Chloro-, 2-bromo-, and 
2-iodo-1-N-acetyl-1 : 4-naphthylenediamine (5 g.), prepared by reduction of the 2-halogeno- 
4-nitroaceto-l-naphthalides (Hodgson and Elliott, J., 1935, 1851), were separately suspended 
in water (50 c.c.) and treated with nitric acid (50 c.c., d 1-42). The solutions became purple 
and then brown, hydrogen chloride and hydrogen bromide being freely evolved from the 
respective chloro- and bromo-compound. After ca. 1 minute, the solutions were poured into 
cold water (500 c.c.), and the sandy brown precipitates of 2-niivo-1-N-acetyl-1 : 4-naphthylenedi- 
amine filtered off. This product crystallised from glacial acetic acid in yellowish-brown nodules, 
m. p. 164° (Found: N, 17-3. C,,H,,O,;N, requires N, 17-1%). The displaced halogens were 
identified in the respective filtrates above, together with much phthalic acid produced by 
concurrent oxidation. Acetylation readily occurred when the product was shaken with a 
mixture of acetic anhydride and dilute acetic acid, giving 2-nitro-NN’-diacetyl-1 : 4-naphthyl- 
enediamine, which after crystallisation from glacial acetic acid had m. p. and mixed m. p. 
with an authentic specimen, 310-5° (Hodgson and Elliott, oc. cit., give m. p. 309°, and previous 
literature 295°) (Found: N, 14-7. Calc.: N, 14:6%). The yield from 2-bromo-1-N-acety]l- 
1 : 4-naphthylenediamine was very poor, indicating that preferential oxidation had occurred 
in this reaction. 

Reduction of 4-Nitro-1-naphthylamine and of 4-Nitroaceto-1-naphthalide.—4-Nitro-1-naphthyl- 
amine, when treated by the standard stannous chloride reduction procedure, gave 1 : 4-naphthyl- 
enediamine dihydrochloride, which, after basification with ammonia and acetylation, afforded 
NN’-diacetyl-1 : 4-naphthylenediamine. This product after crystallisation from glacial acetic 
acid had m. p. 319° (Kleeman, Ber., 1886, 19, 334, gives m. p. 303—304°), and was nitrated 
readily in 50% nitric acid, giving 2-nitro-N.N’-diacetyl-1 : 4-naphthylenediamine, m. p. 310-5°. 

Reduction of 4-nitroaceto-l-naphthalide by the same procedure afforded N-acetyl-1 : 4- 
naphthylenediamine stannichloride, which crystallised in colourless needles [Found: Cl, 28-9. 
(C,,H,;ON,),SnCl, requires Cl, 29-0%]. The free base was unstable, but was acetylated readily 
in solution to give a diacetyl compound identical with the above, m. p. and mixed m. p. 319°. 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 
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390. Addition Compounds of the Carbohydrates. Part III. Potassium 
Hydroxide Derivatives of Cellobiose, Lactose, and Galactose. 


By Epmunp G. V. PERCIVAL and GEOFFREY G. RITCHIE. 


In Part I (J., 1934, 1160) it was pointed out that certain disaccharides appear to unite 
with more than one molecular proportion of potassium hydroxide. This has now been 
confirmed for cellobiose, which in the presence of excess of the reagent forms a complex, 
C12H_.0,,,2KOH, as indicated by titration experiments. Controlled methylation resulted 
in the isolation of a monomethy] methylcellobioside, from which on hydrolysis and suit- 
able treatment 6-methyl glucosephenylosazone has been isolated. These results can be 
explained if we consider the reducing group and one of the primary alcoholic residues to 
be concerned in the union. Since glucose itself only takes up one potassium hydroxide 
residue, it seems reasonable to suppose that in the cellobiose complex the second potassium 
hydroxide residue is to be found in the non-reducing glucopyranose unit (I). 

Indirect support for this view was afforded by a study of the compounds which lactose 
forms with potassium hydroxide, since in this case the production or otherwise of methylated 
galactose derivatives would indicate whether the non-reducing unit were involved or not. 
Titration experiments showed that lactose combines with more potassium hydroxide than 
does cellobiose under the same conditions, the results indicating the presence of a mixture 
of C,,H.0,,,2KOH and C,.H,0,,,3KOH. Methylation under anhydrous conditions, 
followed by acetylation, gave a non-reducing syrup, from which, by hydrolysis, acetylation 
and distillation in a high vacuum, a triacety] dimethyl hexose and a tetra-acetyl mono- 
methyl hexose were isolated. Complete methylation of both these products and the isolation 
from each in good yield of crystalline tetramethyl galactopyranose anilide, together with 
the absence of any glucose derivatives, showed that, except for the normal reaction at 
the reducing group, substitution had taken place exclusively in the galactose portion of 
the lactose molecule. 

The monomethy] galactose, unlike 6-methyl galactose, gave no crystalline phenyl- 
hydrazone. On heating with phenylhydrazine, however, a crystalline osazone (yield, 
40% of the theoretical) was obtained which contained no methoxyl and was identical 
with galactosazone. No mucic acid could be isolated on oxidation of the original syrup 
with nitric acid; therefore it is necessary to assign the methoxyl residue to position 2. 
Robertson and Lamb (J., 1934, 1321) have recorded a case where the 2-methyl group in 
2 : 3-dimethy] galactose is eliminated on osazone formation. 

Similarly the dimethyl galactose gave a monomethyl galactosazone (m. p. 150°), and 
a rigorous search failed to reveal the presence of any dimethyl galactosazone. This mono- 
methyl galactosazone was clearly not identical with 6-methyl galactosazone, m. p. 204° 
(Munro and Percival, this vol., p. 640), or 3-methyl galactosazone, m. p. 176—179° (Robert- 
son and Lamb, Joc. cit.), and 5-methyl galactosazone was excluded by the isolation of 
tetramethyl galactopyranose anilide. Furthermore the osazone was found to be identical 
with authentic 4-methyl galactosazone* kindly supplied by Professor W. N. Haworth, 
F.R.S., thus indicating that the dimethyl galactose was 2: 4-dimethyl galactose, and 
further experiments confirmed this view. Glycoside formation with methyl-alcoholic 
hydrogen chloride in the cold followed a different course from that described by Robertson 
and Lamb (loc. cit.) for 2: 3-dimethyl galactose, since the rotation remained strongly 
positive, indicating the absence of galactofuranosides, and this was confirmed by titration 
experiments after Levene, Raymond, and Dillon (J. Biol. Chem., 1932, 95, 699). 
Oxidation with nitric acid, followed by esterification and amide formation, yielded no d- 
or i-dimethoxysuccinamides, the presence of adjacent methyl groups (e.g., in positions 
2:3 or 3: 4) thus being excluded. ° 

From this examination of the products of the controlled methylation of the potassium 
hydroxide-lactose complexes, it appears that substitution has taken place at the reducing 
group of the glucopyranose unit and at the hydroxyl groups at positions 2 and 4 in the 


* Private communication. 
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galactopyranose residue. It is suggested, therefore, that lactose associates itself with 
potassium hydroxide residues at these points (II). 

The difference in the results obtained for cellobiose and lactose is not due to the greater 
affinity of galactose than glucose for potassium hydroxide, since galactose forms a com- 
pound C,H,,0,,KOH, and this formulation is supported by methylation with dry methyl 
sulphate, no evidence for substitution beyond the methylgalactoside stage being found. 
While, therefore, it is reasonable to suppose that the tendency is for the reaction to take 
place in the sugar unit remote from the reducing group, there is no explanation yet avail- 
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able for the anomalous behaviour of lactose, since the other disaccharides so far examined, 
cellobiose and sucrose (Part II, J., 1935, 648), undergo substitution in the primary alcoholic 
residues. 

In Part I (loc. cit.) it was suggested that the addition compounds were comparable 
with the hydrates of the alkali hydroxides and a structure involving co-ordination through 
hydrogen was proposed. In the light of modern views, however, this is doubtful and an 
alternative system is provided by the theory of resonance. At this stage, therefore, it 
does not seem desirable to define the union between the sugars and alkali hydroxides 
other than by some type of loose combination probably best represented by a dotted line 
in the manner of the residual valencies of Werner. 


EXPERIMENTAL, 


Titvation Experiments with Cellobiose.—Cellobiose (0-2 g.), prepared by Zemplén’s method 
(Ber., 1923, 56, 1705) from the octa-acetate, was dissolved in alcohol (6 c.c., 90%), standard 
alcoholic potassium hydroxide (20 c.c.) added, and the mixture kept for 10 minutes. The 
precipitate was removed by filtration, and an aliquot portion of the filtrate titrated with standard 
acid (method 1). The precipitate was drained, washed with the minimum quantity of alcohol, 
dissolved in water, and titrated (method 2). The results are below : 


Total concn. of cellobiose, % ......ccocccccccsccccees 0-57 0-77 0-88 
DEMON , Genddscdatedincecdsbesss 0-839 0-742 0-76 

Concn. of KOH, N4 ginal oo. cccccsssessesseeseees 0-807 0-697 0-69 
¢ UMEIOE, ODD pec cccicicconeesbiqece 32-5 33-2 32-9 

KOH combined, %} (8) co. ccccssessessceeeee 25-7 25-1 23-0 


For C,,H,,0,,,2KOH, 100 g. of cellobiose require 32-8 g. of potassium hydroxide. 

Typical Preparation of Potassium Hydroxide—Cellobiose.—Cellobiose octa-acetate (20 g.), 
prepared by Haworth and Hirst’s method (J., 1921, 119, 193), was made into a paste with alcohol 
(40 c.c.), potassium hydroxide (40 g.) in alcohol (175 c.c.) stirred in, and stirring continued for 
2 hours in a closed flask. The insoluble product (14 g.) was then filtered off, washed quickly 
with alcohol and ether, and dried in a vacuum over phosphoric oxide [Found : KOH (titration), 
22-1. C,,H,,0,,,2KOH requires KOH, 24-7%]. 

Reaction with Methyl Sulphate-——The method described in Parts I and II (loc. cit.) was 
employed, the dry addition compound (8 g.) being stirred with dry, neutral methyl sulphate 
for 5 minutes at 35—40° and for 10 minutes at 70°. After removal of the potassium methyl 
sulphate, and unchanged cellobiose (4-9 g.) by precipitation with alcoholic potassium hydroxide, 
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the residue on acetylation yielded a syrup (4-7 g.), which partly crystallised on trituration with 
alcohol. The crystals (1-4 g.), m. p. 178°, [«]?0” — 22° in chloroform (c, 1-5), were hepta-acetyl 
6-methylcellobioside (Found: C, 50-0; H, 5-9; OMe, 4:5. Calc. for C,,H;,0,,: C, 49-9; 
H, 5-9; OMe, 4-9%). 

Examination and Hydrolysis of the Residual Syrup.—The non-reducing syrup (3-2 g.), [«]}?" + 2° 
in chloroform (c, 5-0), appeared to be a hexa-acetyl monomethyl methylcellobioside (Found : 
OMe, 8-5; CH,°CO, 41-4. Calc. for C,,H,,0,,: OMe, 9:9; CH,-CO, 41-5%). It was accord 
ingly deacetylated by Zemplén’s method (/oc. cit.) and hydrolysed in hydrochloric acid (80 c.c., 
7%) at 90° until a constant rotation was attained : 


Time (minutes) ............ 0 65 125 220 300 380 
[a}3° TEARS EEE +3° 13° 27° 37° 50° 50° 


After neutralisation with silver carbonate and filtration, the solvent was removed at 50°/15 mm. 
to yield a reducing syrup (1-9 g.). 

Removal of glucose. Potassium hydroxide (1 g.) in alcohol (15 c.c.) was added to the syrup 
dissolved in alcohol (20 c.c.). The precipitate (1-2 g.) was filtered off after 15 minutes, dissolved 
in water, acidified with acetic acid, and treated with phenylhydrazine to yield glucosephenyl- 
osazone (0-3 g.), m. p. 206° (Found : OMe, nil). 

Isolation of 6-methyl glucosephenylosazone. The filtrate was acidified with acetic acid, 
alcohol removed under diminished pressure, and the residue dissolved in water (10 c.c.) and 
heated with phenylhydrazine (1 g.) and glacial acetic acid (1 c.c.) at 90° for 30 minutes. An 
orange osazone (0-5 g.) was obtained, which was recrystallised from aqueous pyridine; m. p. 
180—184°, [«]?” — 70° in 50% alcohol—pyridine (c, 0-3) (Found: C, 61-2; H, 6-6; OMe, 7-6; 
N, 14-75. Calc. for C,,H,,0,N,: C, 61-3; H, 6-45; OMe, 8-3; N,15-0%). This osazone agreed 
in properties with 6-methyl glucosazone (see Part II, Joc. cit.) and its m. p. was unaltered by 
authentic 6-methyl glucosazone, but was depressed to 164° by 3-methyl glucosazone (m. p. 
179°). 

Potassium Hydroxide—Lactose. Titration Experiments——An approximate estimate of the 
alkali-combining capacity of lactose was obtained by the titration method previously used. 
Lactose monohydrate, dissolved in 75% alcohol, was employed and the results are below : 


Total concn. of lactose, % ......... 0-72 0-94 1-00 1-01 
initial ......... 0-221 0-427 0-747 0-774 
Concn. of KOH, N { ogc, 0-181 0-373 0-685 0-704 
' method (1)... 309 32-1 35-1 39-2 
KOH combined, % (2)... 28-1 26-0 34-2 41-6 


C,.H,,0,,,3KOH requires 49 g. of potassium hydroxide for 100 g. of lactose. Thus it would 
appear that, in the higher concentrations of alkali examined, some of this higher compound 
was present; it was found impracticable to use very concentrated alkaline solutions, since 
brown solutions were thereby produced. 

Preparation of Potassium Hydroxide—Lactose.—Lactose octa-acetate (35 g.), prepared by 
Hudson and Johnson’s method (J. Amer. Chem. Soc., 1915, 37, 1270), was suspended in alcohol 
(200 c.c.), potassium hydroxide (66 g.) in alcohol (1 1.) added, and the mixture stirred for 2 hours, 
the insoluble product (20 g.) being isolated as before (Found: KOH, 26-0 C,,H,.0,,,3KOH 
requires KOH, 32-9%). 

Reaction with Methyl Sulphate-—The powdered product thus obtained (20 g.) was stirred 
with methyl sulphate under the conditions obtaining above. Potassium methyl sulphate was 
removed, followed by the removal of lactose by the addition of potassium hydroxide (7 g.) in 
alcohol (100 c.c.). Ether was then added to bring about the complete removal of unchanged 
lactose until the precipitate obtained was no longer reducing. The residual solution was 
acidified with acetic acid and evaporated under diminished pressure. The product was acetyl- 
ated at 95° for 1 hour with acetic anhydride (120 c.c.) and anhydrous sodium acetate (23 g.). 
After the usual treatment a non-reducing syrup (4:4 g.) was obtained (OMe, 12-1%). This 
was deacetylated by Zemplén’s method (loc. cit.), and the product hydrolysed with sulphuric 
acid (1-5N) at 95° till a constant rotation was reached : 

Time (minutes) ......... 0 150 290 395 435 480 


[G]BM ..-cceverseressoceeseses +18° 34° 41° 45-6° 47-4° 48° (const.) 


The solution was neutralised with barium carbonate and evaporated to dryness at 50°/15 mm., 
yielding a syrup. 
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Separation of the Products of Hydrolysis.—The syrup was extracted with boiling alcohol 
(50 c.c.). To the extracts was added an alcoholic solution of potassium hydroxide (2 g. in 
40 c.c.), and a precipitate (A) was filtered off rapidly, washed with alcohol, and dried. The 
addition of dry ether (250 c.c.) to the filtrate deposited another precipitate (B), which was 
collected and dried. The filtrate was neutralised with acetic acid and evaporated to dryness, 
and the residue (C) acetylated with acetic anhydride (35 c.c.) and anhydrous sodium acetate 
(7 g.) at 100° for 1 hour, a brown syrup being obtained by the usual method of isolation. The 
dry sugar-alkali compounds (A) and (B) were similarly acetylated. (A) Yield, 0-98 g.; OMe, 
20%. (B) 0-49 g.; OMe 81%. (C) 0-83 g.; OMe, 15-56%. An approximate fractionation 
of the mixture had thus been achieved. Fraction (B) distilled almost completely at 182—183° 
(bath temp.)/0-04 mm. to yield a colourless reducing syrup (Found: OMe, 8-3. Calc. for 
. CysH.0,,: OMe, 86%). Fraction (C) was distilled at 155—162° (bath temp.)/0-05 mm. 
(Found : OMe, 16-7. Calc. for C,,H,,O,: OMe, 18-6%). 

Examination of the Monomethyl Hexose Acetate-—Complete methylation. In order to deter- 
mine whether this was derived from glucose or galactose a portion of the syrup (B) (0-5 g.; 
OMe, 8-3%), dissolved in acetone (10 c.c.) and water (10 c.c.), was methylated with methyl 
sulphate (10 c.c.) and aqueous sodium hydroxide (25 c.c., 30%) with the usual precautions for 
the methylation of a reducing sugar. After isolation of the product two further methylations 
with methyl iodide (10 c.c.) and silver oxide (2 g.) were conducted and the product was distilled 
at 113°/0-08 mm. to yield a clear, mobile, non-reducing syrup (0-26 g.). The glucosidic methoxyl 
residue was removed by heating for 2 hours at 100° in hydrochloric acid (10 c.c., 7%). The 
solution was neutralised with barium carbonate, alcohol was added to precipitate barium salts, 
which were filtered off, and the solution was evaporated to dryness under diminished pressure. 
The residue was extracted three times with ether, and from the filtered extracts on evaporation 
a syrup (0-2 g.) was obtained. Inoculation with tetramethyl glucopyranose failed to induce 
crystallisation. 

Tetramethyl galactopyranose anilide. The anilide was prepared from the above sugar by 
boiling the syrup (0-19 g.) under reflux with aniline (0-6 g.) in alcohol (2 c.c.) for 3 hours. White 
needles (0-14 g.) separated on cooling, which after two recrystallisations from alcohol had m. p. 
193°, not depressed in admixture with an authentic specimen. No product corresponding to 
tetramethyl glucopyranose anilide could be isolated from the mother-liquors. 

Attempied phenylhydrazone formation. The method described by Munro and Percival 
(loc. cit.) for the isolation of 6-methyl galactosephenylhydrazone was applied to the deacetylated 
monomethyl galactose (B), but in spite of various modifications no crystalline phenylhydrazone 
could be isolated. 

Osazone formation. A specimen of the syrupy monomethy]l galactose tetra-acetate (0-58 g.) 
was deacetylated by Zemplén’s method and treated with phenylhydrazine acetate. The first 
crop of osazone (0-17 g.) had m.p. 175°, which was raised to 186—188° by one recrystallisation 
(Found: OMe, nil). The m. p. was not depressed in admixture with authentic galactosazone. 
A second crop (0-08 g.), m. p. 186—188°, was obtained (OMe, nil). That this galactosazone 
could not have been derived from free galactose was shown by repeated failures to isolate mucic 
acid, from the deacetylated syrup used for osazone formation, by oxidation with nitric acid 
(a2 1-15). Itis therefore necessary to conclude that the galactosazone was derived from 2-methyl 
galactose. 

Examination of the Dimethyl Hexose Acetate.—The colourless syrup was reducing to Fehling’s 
solution and had [a]? + 59° in chloroform (c, 0-8); n?° 1-4525° (Found: C, 50-0; H, 6-4; 
OMe, 16-7. Calc. for C,,H,,0,: C, 50-3; H, 6-6; OMe, 18-6%). 

Complete methylation was carried out as previously described for 2-methyl galactose, and 
tetramethyl galactopyranose anilide (yield, 46%), m. p. 192°, unchanged in admixture with an 
authentic specimen, was obtained as before. No giucose derivatives could be detected and it 
was concluded that the specimen was triacetyl dimethyl galactopyranose. 

Osazone formation.—Triacetyl dimethyl galactose (0-27 g.) was deacetylated by Zemplén’s 
method. To the solution of the deacetylated sugar in water (20 c.c.) were added phenyl- 
hydrazine (0-5 g.), acetic acid (2 c.c.), sodium acetate (1 g.), and a trace of sodium bisulphite, 
the mixture being heated at 90—100°. Osazone formation was slow, but after 3 hours a yellow 
oil (0-07 g.) separated which solidified on standing (OMe, 7-5%). Purification by solution in 
chloroform, filtration, and precipitation by light petroleum gave a yellow solid (0-05 g.) (OMe, 
8-0%), and the solution on evaporation gave a yellow glass (0-01 g.) (Found: OMe, 8-1. Calc. 
for C,,H,,O,N,: OMe, 83%). It thus appeared that from a dimethyl sugar a monomethyl 
osazone was obtained. As this would establish one of the methyl groups in the 2-position, 
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an exhaustive search for the presence of dimethyl osazone was carried out. A further crop 
of osazone {0-01 g.) had m. p. 150° (OMe, 7:2%). After six recrystallisations from aqueous 
alcohol a small amount of galactosazone, m. p. 186°, not depressed in admixture with an 
authentic specimen, was obtained (OMe, nil). This was undoubtedly derived from a small 
amount (ca. 10%) of 2-methyl galactose which could not be completely separated from the 
initial material. The search for a dimethyl osazone was continued by extraction of the original 
aqueous solution with chloroform, washing with acetic acid, drying, and evaporation (Found 
for the glass obtained : OMe, 4%). 

Another series of experiments confirmed these results and five crops of osazone were isolated 
in a total yield of over 80% of the dimethyl galactose used. Four crops each had OMe, 7% 
and the other, OMe, 5%. The best crystalline fraction (20%) had m. p. 145—150° (OMe, 
71%). ! 
Identification of the osazone as 4-methyl galactosazone. The main portion of monomethyl 
osazone on recrystallisation from alcohol had m. p. 147—150° and showed no depression in 
admixture with an authentic specimen of 4-methyl galactosazone, m. p. 148—150° (Found : 
OMe, 7:1; N, 14-9. Calc. for C,,H,,O,N,: OMe, 8-3; N, 15-0%). No evidence was found 
for the presence of 6-methyl galactosazone (m. p. 204°). 

The Course of Glycoside Formation.—A portion of the dimethyl galactose acetate was de- 
acetylated by Zemplén’s method and the aqueous extract of the free sugar was evaporated to 
dryness (diminished pressure). The product was dissolved in methyl alcohol (10 c.c.) containing 
1-9% of hydrochloric acid; the concentration of sugar being 0-94% : 


ee CNR cicsccdatincncescusecs 0 19 43 67 
[a]3S° ....ceseccseceeceeeseeeseeersees +49° 34° 33° 33° (const.) 


The equilibrium solution was non-reducing. These values differ from those given by Robertson 
and Lamb (/oc. cit.) for 2 : 3-dimethyl galactose, the rotation of which under the same conditions 
fell during 7 days from [a]}>’ + 38° to — 24°. 

The semi-quantitative method of Levene, Raymond, and Dillon (/oc. cit.; see also this vol., 
p. 643) was employed to follow the course of glycoside formation at room temperature. Methyl- 
alcoholic hydrogen chloride (0-5%) was employed, the concentration of sugar in the solution 
being 9 mg./c.c. The reducing values were corrected for the hydrolysis of the pyranoside, 
which was found to take place to the extent of 13%. 








0-01N-Na,S,0s, c.c. Free sugar, %. 

Before After ‘Before After " Free Furan- Pyran- 

Time hydro- hydro- hydro- hydro- Cor- sugar, oside, oside, 
(hours). lysis. lysis. lysis. lysis. rected. %. %- » 
0 2-20 2-40 100 100 100 100 0 0 
1 1-70 2-20 77-5 92 91 77-5 13-5 9 
23-5 0 0-70 0 29 16 0 16 84 
27-0 0 0-67 0 28 15 0 15 85 


If the sugar in question was, as supposed, 2 : 4-dimethyl galactose, then no furanoside should 
have been formed. The small amount present is accounted for by the presence of 2-methyl 
galactose in the sample used. Under the experimental conditions which favour furanoside 
formation the main portion is obtained as pyranoside, and this is evidence for the conclusion 
that position 4 is occupied by a methyl group. 

The Oxidation of Dimethyl Galactose.—Triacetyl dimethyl galactose (0-52 g.) was deacetylated 
by Zemplén’s method, and the aqueous solution of the sugar evaporated under reduced pressure. 
The product was dissolved in nitric acid (5 c.c., d 1-44), and after standing at room temperature 
for 2 hours was heated at 85—-90° for 6 hours. The excess of nitric acid was then removed by 
distillation at 70° under reduced pressure for 48 hours with the continuous addition of water 
and the product was subjected to esterification, distillation, and amide formation according 
to the method described by Herbert, Hirst, et ai. (J., 1933, 1286). After 4 days, the syrup 
obtained on evaporation of the solution of the ester in ammoniacal methyl alcohol was examined 
for both d- and i-dimethoxysuccinamides with a negative result. This experiment was 
repeated. The two methyl groups present in the dimethyl galactose could not therefore occupy 
adjacent positions in the molecule. 

Potassium Hydroxide—Galactose. Titration Experiments.—On account of the low solubility 
of galactose in alcohol and since the presence of water led to the formation of syrupy products 
it was necessary to use penta-acetyl galactose for the titration experiments. The method had to 
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be modified, since both deacetylation and compound formation were responsible for removing 
alkali from solution and furthermore the amount of potassium hydroxide required for deacetyl- 
ation was not that theoretically required for 5 acetyl groups owing to the catalytic nature of 
the process of deacetylation by alkali in alcoholic solution (Zemplén, Joc. cit.). To each of two 
similar suspensions of galactose penta-acetate (0-2 g.) in absolute alcohol (5 c.c.) a definite 
quantity of standard alcoholic potassium hydroxide was added. One sample was then 
filtered, the filtrate titrated, and from the decrease in alkalinity the total amount of 
potassium hydroxide removed from solution was determined. By titration of the second 
sample without filtration the quantity of alkali required for deacetylation was determined 
and by difference the potassium hydroxide engaged in compound formation was found. A 
second value was obtained by direct titration of the compound as before : 


NE cnansccdiacicudsecsiesatestatecninssessseynabesieus 0-27 0-41 0-61 
Conen. of KOH, N{ final PETE RA IILLE TID OTE TIN 0-07 0-18 0-41 
KOH, g., required to deacetylate 100 g. of penta-acetate ............ 68-5 72-0 69-0 
KOH, g., combined with 100 g. of galactose yew geen we yy neta ty ey a? 


Potassium Hydroxide—Galactose.—Galactose penta-acetate (18 g.), suspended in absolute 
alcohol (200 c.c.), was stirred with potassium hydroxide (45 g.) in alcohol (1 1.) in a closed flask. 
The product (10 g.), isolated in the usual way, was a white deliquescent powder more sensitive 
to moisture than the compounds previously described (Found: KOH, 21-2. C,H,,0,,KOH 
requires KOH, 23-7%). 

Methylation. The compound (10 g.) was mechanically stirred in a closed flask with neutral 
methyl sulphate (75 c.c.) for 10 minutes at 34—40° and for 10 minutes at 70°. After the 
removal of potassium methyl sulphate, potassium hydroxide (8 g.) in alcohol (100 c.c.) was 
added, and the precipitate removed. Ether (1200 c.c.), added to the filtrate, brought down a 
further precipitate, which was discarded. The solution was then acidified with acetic acid 
and evaporated to dryness, and the residue acetylated, finally yielding a non-reducing syrup 
(4-5 g.) consisting of a mixture of «- and 8-tetra-acetyl methylgalactosides; [«]}° + 21-7° in 
chloroform (c, 2-3) (Found: OMe, 8-1. Calc. for C,;H,,0,,: OMe, 8-6%). 
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391. The Structure of Osazones and the Isolation of a New Hexosazone 
Anhydride. 


By E. G. V. PERCIVAL. 


In a previous paper (Percival and Percival, J., 1935, 1398) the suggestion was put forward 
on the basis of methylation experiments that glucosephenylosazone possessed a 2 : 6-oxide 
ring structure. Engel (J. Amer. Chem. Soc., 1935, 57, 2419) has since adduced evidence 
in support of the original acyclic formula of Emil Fischer. He rejects the results obtained 
in his own methylation experiments as inconclusive, but the highest methoxyl content 
for the methylated glucosazone he obtained (OMe, 20-7%) approaches the value for a 
trimethy] derivative, and this is in agreement with our results. His results dealing with 
the absorption spectra of osazones are of interest, but the conclusion that they disprove 
a cyclic structure for glucosazone must be accepted with reserve, for it must be pointed 
out that the effect on the absorption of the group oun may not differ greatly 


CH-N-NHPh 
from that of CNN HPh 
Engel (loc. cit.), Maurer and Schiedt (Ber., 1935, 68, 2187), and Wolfrom, Konigsberg, 


and Soltzberg (J. Amer. Chem. Soc., 1936, 58, 490) describe a tetra-acetyl glucosepheny]l- 
osazone, and the last authors a tetra-acetyl galactosephenylosazone. Wolfrom eé al. 


owing to the presence of the aromatic nuclei. 
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(loc. cit.) claim that by using the method of Freudenberg and Harder (Amnalen, 1923, 
433, 230) for the estimation of the total number of acetyl groups and the method of Kunz 
and Hudson (J. Amer. Chem. Soc., 1926, 48, 1982) for the determination of O-acetyl residues, 
they can distinguish between O-acetyl and N-acetyl groups. Thus §-d-glucoseoxime 
hexa-acetate is shown to possess five O-acetyl groups and one N-acetyl group. This 
method on application to the above osazone tetra-acetates indicated that all the acetyl 
groups were bound through oxygen in agreement with an acyclic structure. These 
experiments have been repeated, the potentiometric method described by Wolfrom being 
used both under the conditions employed by Kunz and Hudson (loc. cit.) and under those 
of Wolfrom, Konigsberg, and Soltzberg (loc. cit.). The results indicate that only three 
of the four acetyl groups are removed during the deacetylation in the cold, even when the 
reagent is in contact with the acetylated osazones for periods much in excess (6 hours) 
of the 1 hour period used by the latter authors. On the other hand, deacetylation at 
room temperature indicated the presence of four acetyl groups, and this was confirmed 
by the method of Freudenberg and: Harder (loc. cit.). Unless, therefore, one O-acetyl 
group is difficult to remove, the present results appear to indicate that both tetra-acetyl 
glucosephenylosazone and tetra-acetyl galactosephenylosazone have cyclic structures. 
Although the structure of tetra-acetyl glucosazone cannot yet be defined with certainty, 
it has been pointed out by Behrend and Reinsberg (Annalen, 1910, 377, 187) that acetyl- 
ation on the nitrogen of a true hydrazone in the cold is difficult, whereas phenylhydrazides 
are easily acetylated, and it is thought probable, therefore, that the N-acetyl group is to 
be found on the phenylhydrazide residue (I). 

The description of the fully methylated glucosazone as trimethyl glucosazone (Percival 
and Percival, Joc. cit.) must now be corrected to trimethyl glucosemethylphenylphenyl- 
osazone, since a subsequent estimation of methylimino-groups indicated the presence of one 
NMe residue per molecule introduced during the prolonged methylation process employed 
to secure complete methylation. 

By deacetylating glucosazone tetra-acetate at room temperature a new derivative 
was isolated which by analysis and molecular weight determinations was shown to be 
glucosazone minus two molecules of water, C,gH,,O,.N,. Diels and Meyer (Amnalen, 
1935, 519, 157) had previously reported the isolation from glucosazone of a monoanhydro- 
glucosazone, C,,H,,0,N,, which they considered to be 3: 6-anhydroglucosazone. The 
dianhydro-hexosazone described above contained one hydroxyl group only, since it gave 
rise to a monomethyl ether and a monoacetate. This demands the assumption of the 
presence of an oxide ring structure, a fact which is rendered the more probable by the 
existence of such a ring in the acetylated osazones themselves. By the addition of bromine 
in chloroform this dianhydride immediately gave rise to an insoluble dibromide, which 
appeared to indicate the presence of a double bond either C:C or C:N. The dianhydro- 
hexosazone was very stable and resisted all attempts to remove the phenylhydrazine 
residues by means of benzaldehyde, p-nitrobenzaldehyde, or concentrated hydrochloric 
acid; it could in fact be recrystallised from the last reagent. 

When galactosazone tetra-acetate was deacetylated in the same way, a compound of 
the same composition was obtained, identical in crystalline form, melting point, and 
specific rotation with that described above, and mixed melting point determinations 
appeared to prove their identity. Similarly the monoacetate of the “‘ dianhydrogalact- 
osazone ”’ was identical in all respects with the corresponding compound prepared from 
glucosazone. It is suggested that on deacetylation of the osazone tetra-acetate (I) ring 
closure with the elimination of two molecules of water takes place between the hydroxyl 
groups on C, and C, and the hydrogen atoms of the imino-groups attached to C, and Cg, 
so that two five-membered rings are formed (II). To explain the formation of the same 
dianhydride from both glucose and galactose it is necessary to assume either a Walden 
inversion at C, on deacetylation and ring formation in one case (II), or a migration of 
hydrogen atoms from C, and C, so that the pyrazoline ring is converted into a pyrazolidine 
ring system with the production of a double bond between C, and C, (III). The latter 
structure appears from inspection of models to be impossible owing to the strained nature 
of the ring joining C, and C,. 
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It is noteworthy that Karrer and Pfaeler (Helv. Chim. Acta, 1934, 766) by oxidation of 
glucosazone with periodic acid isolated 4-benzeneazo-1-phenylpyrazol-5-one by fission 
between C, and C,. 

An examination of the possibilities of ring formation for derivatives of fructopyranose 











CH:N-NHPh = CH,——NH 
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H-OAc HC-OH © H-C-OH 
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(I.) (I1.) (III.) 


and tagatopyranose of the above type reveals the fact that only the «-fructopyranose 
derivative (IV) and the 8-tagatopyranose derivative (V) can yield structures of the type (II) 
with any ease, and the Walden inversion may take place in the case of either derivative. 
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From the specific rotations of the acetates of glucosazone and galactosazone it would 
appear that the former is present in the 8- and the latter in the a-form. If the above 
mechanism is correct, however, unless Walden inversion also takes place on C,, it must 
be assumed that the acetylated osazones are not pure a- and $-forms, but mixtures. This 
is probable both from the magnitude of the specific rotations observed and from the yields 
of the dianhydro-hexosazone isolated (30—40%). 

Diels, Meyer, and Onnen (Amnalen, 1936, 525, 94) have now revised the structure 
proposed for the mono-anhydrides of the osazones and suggest their formulation as pyr- 
azole derivatives by a process similar to (III) in which the 4-pyrazolone derivative (VI) 
isomerises into the pyrazole structure (VII). 


, CH—C.N:N HPh CH—C:-NH-NHPh 
(VI.) N => VII. 
<X Ph-CH-CH(OH)-CH,°OH N<yph-C-CH(OH)-CH,OH ee 


The basis for this assumption rests on the observation that the monoanhydrides of 
l-arabinosazone and d-xylosazone are optical enantiomorphs, and since this must involve 
the abolition of the asymmetry on C3, this would be accounted for by the formation of 
a double bond. Diels, Meyer, and Onnen (loc. cit.) have also prepared a dianhydro-malt- 
osazone and have proposed a structure containing both pyrazole and pyridazine rings. 
So far it is not known whether the monoanhydro-hexazones of Diels possess an oxide ring 
structure. The fact that they form dibenzoates suggests this possibility, but triacetates 
have also been isolated. The possibility is not entirely excluded, however, as the authors 
point out that they have not attempted to discriminate between O-acetyl and N-acetyl 
residues. 

Owing to the stability of the dianhydro-hexosazone it has not yet been found possible 
to confirm the structure by degradative experiments and further investigations are pro- 
ceeding in order to establish the structure with certainty. 
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of EXPERIMENTAL. 
ion Acetylation of Glucosephenylosazone.—The method described by Maurer and Schiedt (loc. 

cit.) was employed, giving an amorphous yellow powder in almost quantitative yield; the method 
ose of Engel (loc. cit.) gave the same result. M. p. 70°,@«]?”” — 57° in alcohol (c, 0-7) [Found: C, 
59-4; H, 5-6; CH,-CO (Freudenberg), 33-5; N, 10-4. Calc. for C,,H,,0,N,: C, 59-3; H, 5-9; 
CH,°CO, 32:7; N, 10-6%]. It was found difficult to crystallise the product, but eventually, 
following the technique of Maurer and Schiedt, the crystalline tetra-acetate was obtained in 
clumps of needles, m. p. 114—115°, [a]? — 58° in chloroform (c, 0-3) (Found : CH,°CO, 33-1; 
N, 10-3%). 

Acetylation of Galactosephenylosazone.—Galactosazone was acetylated as described by 
Wolfrom, Konigsberg, and Soltzberg (loc. cit.). The product, obtained in quantitative yield, 
was recrystallised from alcohol; m. p. 178—180°, [a]? + 90° in chloroform (c, 0-4) (Found : 
C, 59-4; H, 5-5; CH,-CO, 32-5; N, 10-5. Calc. for C,,H,,O,N,: C, 59:3; H, 5-9; CH,°CO, 
32-7; N, 10-6%). 

The Estimation of Acetyl Groups.—The amount of total acetyl was determined by the 
method of Freudenberg and Harder (loc. cit.) (Found: CH,°CO, 33-5. Calc. for triacetate, 
24-5; for tetra-acetate, 32:7%). Titrations were then carried out by the method of Kunz 
and Hudson (loc. cit.) using a potentiometer and the quinhydrone electrode. The substance 
(ca. 0-2 g.), dissolved in acetone (35 c.c.), was cooled to — 5°, and 0-1N-sodium hydroxide 
added drop by drop, the mixture being kept below 0° for the periods shown in the table. An 
excess of 0-1N-sulphuric acid was then added, and the solution back-titrated with 0-1N-sodium 
hydroxide. This method was used because of the coloured solutions produced but it was found 
that the use of phenol-red as indicator gave almost identical results. Deacetylations were 
also carried out at room temperature. The results are below : 
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Analysis of ‘‘ Trimethyl Glucosazone.”—The ‘“‘ trimethyl glucosazone”’ described in the 
previous paper (Percival and Percival, Joc. cit.) was purified by solution in chloroform and 
precipitation with a large quantity of light petroleum (b. p. 40—60°), this throwing out a small 
: quantity of red tar, which was discarded. The syrup obtained on evaporation of the bulk of 
- the solution was analysed (Found: C, 63-5; H, 6-9; N, 14:0; OMe, 21-6; NMe, 6-8. 
C,3H,,0,N, requires C, 63:7; H, 7-3; N, 13-5; OMe, 22-5; NMe, 7-0%). 

Preparation of the Dianhydro-hexosazone.—(a) Tetra-acetyl glucosazone (5 g.), dissolved in 
acetone (250 c.c.), was mixed with sodium hydroxide solution (320 c.c., 15%) at room temper- 
ature. After a few hours, pale yellow plates appeared; these (1-2 g.) were filtered off after 
24 hours, and recrystallised from alcohol; m. p. 238°, [«]?” — 88° in acetone (c, 0-3) with no 
mutarotation [Found : C, 67-0; H, 5-6; N,17-4; M (Rast),319. C,,H,,O,N, requires C, 67-1; 
H, 5-6; N, 17-4%; M, 322]. 

(b) Tetra-acetyl galactosazone (30 g.) was deacetylated as described above to yield a product 
(6 g.) similar to that obtained from tetra-acetyl glucosazone, which after recrystallisation had 
m. p. 238°, not depressed on admixture with the anhydro-compound described above, and 
[«]?” — 88° in acetone (c, 0-3) (Found: C, 67-1; H, 5:7; N, 17-4%). This result was twice 
confirmed. 

Acetylation of the Dianhydro-hexosazone.—A solution of the above product (1 g.) in acetic 
anhydride (2 c.c.) and pyridine (5 c.c.) was kept overnight and then poured into water. The 
solid obtained, recrystallised from aqueous alcohol, formed shining crystals (0-7 g.), m. p. 135°, 
[«]p + 108° in chloroform (c¢, 0-5) [Found : C, 65-8; H, 5-6; CH,°CO, 12-0; N, 15-5; M (Rast), 
339. C,.H,,O,N, requires C, 65-9; H, 5-5; CH,°CO, 11-8; N, 15-%4; M, 364]. Deacetylation 
of this mono-acetyl derivative yielded yellow needles of the original dianhydride, m. p. 235°, 
(«]??” — 89° in acetone (c, 0-4). The same monoacetyl derivative was obtained from the di- 
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anhydride obtained from tetra-acetyl galactosazone and no differences could be detected by 
mixed m. p. determinations or in specific rotation. 

Methylation of the Dianhydro-hexosazone.—The dianhydride (2 g.), dissolved in acetone 
(75 c.c.), was methylated at 60° with methyl sulphate (20 c.c.) and sodium hydroxide solution 
(50 c.c., 30%)in the usual way. The dianhydro-hexosazone monomethyl ether which separated 
was easily recrystallised (2-1 g.) and had m. p. 172°, [«]?”” — 170° in chloroform (c, 0-4) (Found : 
C, 68-0; H, 6-3; N, 16-3; OMe, 8-9; NMe, nil. C,,H,.O,N, requires C, 67-8; H, 6-0; N, 16-7; 
OMe, 9-2%). 

Isolation of a Dianhydro-hexosazone Dibromide.—The dianhydroglucosazone (0-2 g.) in 
chloroform (6 c.c.) was treated with a solution of bromine (0-6 g.) in chloroform (5 c.c.). An 
immediate precipitate (0-28 g.) was obtained, which was filtered off, washed with alcohol, and 
recrystallised from a large quantity of alcohol on account of its low solubility; m. p. 240° 
(decomp.) (Found: N, 11-2; Br, 34-2. C,,H,,0,N,Br, requires N, 11-6; Br, 33-2%). 


Thanks are expressed to the Carnegie Trust for the award of a Teaching Fellowship and 
to the Earl of Moray Endowment and Imperial Chemical Industries, Ltd., for grants. 


KinG’s BuILpinGs, UNIVERSITY OF EDINBURGH. [ Received, October 1st, 1936.) 





392. Synthesis of Local Anesthetics from Cytisine. 
By H. Raymonp ING and R. P. PATEL. 


THE alkaloid cytisine (I) contains a bridged-ring system reminiscent of tropine and since 
it is a secondary base it appeared probable that the introduction of an w-hydroxyalkyl 
group on nitrogen and subsequent esterification with suitable aromatic acids would lead 
to substances of type (II) possessing local anesthetic properties. 


(‘SHC is (fH 
(.) \N CH, NH \N CH, Ne[CHg)n*OCO*R (IL) 
o€ | | Oc | 
CH,-CH——CH, CH,-CH——CH, 


Cytisine and ethylene oxide readily combine to form N-8-hydroxyethylcytisine, of which 
the benzoic and the cinnamic ester were prepared and isolated as their hydrobromides. 
The benzoate, cinnamate, phenyl- and a-naphthyl-carbamates and p-aminobenzoate of N-y- 
hydroxypropylcytisine were prepared by condensing the corresponding y-chloropropyl 
esters with cytisine. Only y-cytisinopropyl a-naphthylcarbamate was obtained crystalline, 
the other esters being isolated as their hydrobromides. 

The pharmacological investigation of these compounds will be reported elsewhere. 
All of them, except the p-aminobenzoate, have pronounced local anesthetic activities 
and, except the phenylcarbamate, they are less toxic than cocaine. The introduction of 
an alkyl ester group into cytisine appears to remove entirely the characteristic pharma- 
cological properties of this alkaloid. 


EXPERIMENTAL. 


N-8-Hydroxyethylcytisine.—Cytisine (16 g.) in chloroform (40 c.c.) was heated with ethylene 
oxide (4 g.) and a trace of water in a pressure bottle at 45° for 5 hours. Evaporation of the 
solvent left a red gil, which crystallised slowly when rubbed with a few drops of water. The 
solid was extracted with ether (Soxhlet), from which it crystallised in pale yellow prisms, m. p. 
73—74°, containing one molecule of water of cryStallisation, which is lost at 105°. The anhydrous 
alcohol did not crystallise (Found: C, 61-8; H, 8-1; H,O, 7-05. C,;H,,0,N,,H,O requires 
C, 61-9; H, 7-9; H,O, 7-1%). 

8-Cytisinoethyl benzoate. Anhydrous 6-hydroxyethylcytisine (5 g.) in benzene was refluxed 
with benzoyl chloride (1-2 c.c.) for 3 hours. The benzene solution was filtered and evaporated, 
and the residual oil washed with ether and stirred with a slight excess of hydrobromic acid 
(12%); a thick mass of crystals separated. After recrystallisation from alcohol, 8-cytisinoethyl 
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benzoate hydrobromide had m. p. 247—248° (decomp.) (Found: N, 6°75. CaoH,,0;N,,HBr 
requires N, 6-7%). 

8-Cytisinoethyl cinnamate was prepared in a similar manner except that the free base 
was neutralised with hydrogen bromide in methyl alcohol. The hydrobromide, which crystallised 
from this solution on concentration, was washed with acetone and recrystallised from alcohol ; 
m. p. 246—247° (decomp.) (Found: N, 6-5. C,.H,4O,;N,,HBr requires N, 6-4%). ; 

y-Cytisinopropyl Benzoate Hydrobromide.—y-Chloropropyl benzoate (2-5 g.) and sodium 
iodide (3 g.) were refluxed in dry acetone for } hour, cytisine (5 g.) then added, and heating 
continued for 4 hours. The filtered solution was evaporated, the residue dissolved in chloro- 
form, and this solution washed with water to remove cytisine salts and evaporated. The 
residue was neutralised with N-hydrochloric acid, traces of oil removed with ether, and the 
solution saturated with potassium bromide. A thick oil separated, which solidified slowly. 
The solid was drained and crystallised from butyl alcohol. y-Cytisinopropyl benzoate hydro- 
bromide melts at 232—233° (decomp.) (Found: C, 58:1; H, 5-8. C,,H,4O,;N,,HBr requires 
C, 58-2; H, 5-8%). ' 

The following hydrobromides were prepared in an exactly similar manner from the appropri- 
ate y-chloropropyl ester, but in methyl ethyl ketone solution: +y-cytisinopropyl cinnamate 
hydrobromide, crystallised from ethyl alcohol, m. p. 224—225° (decomp.) (Found: N, 6-05. 
C,3H,,0,N,,HBr requires N, 6-1%); y-cytisinopropyl phenylcarbamate hydrobromide, crystallised 
from ethyl alcohol, m. p. 225—226° (decomp.) (Found: N, 9-6. C,,H,,0,N;,HBr requires 
N, 9°6%). 

y-Cytisinopropyl a-naphthylcarbamate was prepared similarly, but the free base crystallised 
when rubbed with methyl alcohol. It crystallised from ethyl acetate in pink plates, m. p. 
159° (Found : N, 9-85. C,,H,,O,N; requires N, 10-1%). The Aydrobromide, crystallised from 
alcohol, had m. p. 237—238° (Found: N, 8-6. C,;H,,O,N;,HBr requires N, 8-4%). 

y-Cytisinopropyl p-nitrobenzoate hydrobromide, crystallised from methyl alcohol, had m. p. 
255—256° (Found: N, 8-8. C,,H,,0;N;,HBr requires N, 8-8%). 

y-Cytisinopropyl p-aminobenzoate hydrobromide was prepared by reduction of the above 
hydrobromide in aqueous solution with hydrogen in the presence of palladised charcoal. The 
solution was filtered and evaporated at 45—50°. The residual hydrobromide, crystallised 
from methyl alcohol, had m. p. 236—237° (decomp.) (Found: N, 9-2, 9-15. C,,N,;0;N3;,HBr 
requires N, 9-4%). 

B-Cytisinoethyl p-nitrobenzoate was prepared from cytisine and 6-chloroethyl p-nitrobenzoate 
in methyl ethyl ketone. The free base crystallised on treatment with ether and was recrystal- 
lised by continuous extraction with dry ether; m. p. 103—104° (Found: N, 11-4. CypH,,O;N; 
requires N, 110%). The hydrobvomide, crystallised from methyl alcohol, had m. p. 232—233° 
(Found : N, 8-9. C.9H,,O,N;,HBr requires N, 9-05%). 


Our thanks are due to the Chemical Society for a grant, to the University of Bombay for a 
scholarship, and to the Alembic Chemical Works, Baroda, for a loan granted to one of us 
@. P..?.). 
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393. Synthetic Experiments in the Naphthalene and the Phenanthrene 
Series. 


By B. K. MENon. 


It has been shown (J., 1935, 1061) that the condensation of ethyl phenylacetate and ethyl 
ethoxymethylenemalonate ia the presence of sodium ethoxide leads to either ethyl y- 
carbethoxy-«-phenylglutaconate or ethyl 1-naphthol-2 : 4-dicarboxylate.* The investig- 
ation has now been extended to include halogen-substituted phenylacetates. By the con- 
densation of ethyl p-chloro- or #-bromo-phenylacetate and ethyl ethoxymethylenemalonate 
at 150° ethyl 7-chloro- or 7-bromo-1-naphthol-2 : 4-dicarboxylate was obtained; from the 
former condensation product, «-p-chlorophenylglutaconic acid also was isolated. 

* 1-Naphthol-2 : 4-dicarboxylic acid, described by the author asa new compound, was first prepared 
by the Society of Chemical Industry in Basle (B.P. 195,513). 
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Decarboxylation of the halogenonaphtholdicarboxylic acids could not be satisfactorily 
effected. 

From the condensation product of ethyl 1-naphthylacetate and ethyl ethoxymethylene- 
malonate, 1-phenanthrol-2 : 4-dicarboxylic and «-l-naphthylglutaconic acids were obtained. 
The yield of the former acid was very poor compared with those of the naphtholdicarboxylic 
acids. 


EXPERIMENTAL. 


Ethyl 7-Bromo-1-naphthol-2 : 4-dicarboxylate—To an ice-cold solution of sodium (2-3 g.) 
in absolute alcohol (50 c.c.), ethyl ~-bromophenylacetate (0-1 mol.) was added, followed by 
ethyl ethoxymethylenemalonate (0-1 mol.). Next day, the mixture was heated at 145—155° 
for 4 hours, the alcohol removed, and the residue dissolved in water. The solution was acidi- 
fied with hydrochloric acid and extracted with ether, and the extract washed with water, dried 
(magnesium sulphate), and evaporated. The residue gave a distillate, b.p. below 145°/8 mm. 
(10 g., mostly unchanged esters), and then began to decompose. It (25 g.) was therefore 
cooled and stirred with alcohol; the solid obtained (4-1 g.) was removed from the oil by filtration 
and crystallised from alcohol, forming needles, m. p. 105° (Found: Br, 21-4. C,.H,,O,Br 
requires Br, 21-8%), giving a brown colour with ferric chloride. 

The oil remaining after removal of the solid ester was heated with potassium hydroxide 
(20 g.) in alcohol (150 c.c.) on the water-bath for 3 hours, and the 7-bromo-1-naphthol-2 : 4- 
dicarboxylic acid worked up in the usual way. After repeated solution in aqueous sodium 
bicarbonate and reprecipitation it was crystallised from aqueous alcohol; yield 4 g., m. p. 299° 
(decomp.) (Found: Br, 26-15; equiv. 150. C,,H,O,Br requires Br, 25-7% ; equiv., 155). The 
acid was also obtained in quantitative yield by the hydrolysis of the pure ester. On methyl- 
ation it furnished 7-bromo-1-methoxynaphthalene-2 : 4-dicarboxylic acid, m. p. 261° after crystal- 
lisation from benzene-alcohol (Found: Br, 24-15. C,;H,O,Br requires Br, 24-6%), the di- 
anilide of which had m. p. 260° (Found: Br, 16-8. C,;H,,0O,N,Br requires Br, 16-8%). 

7-Bromo-1-naphthol-2 : 4-dicarboxylic acid (0-2 g.) was boiled with quinoline (3 c.c.) for 
2 hours in an atmosphere of nitrogen, and the quinoline removed by hydrochloric acid. A solu- 
tion of the residue in aqueous sodium hydroxide, on saturation with carbon dioxide, gave a 
small quantity of a solid, m. p. 103°, which developed a purple colour with ferric chloride 
(7-bromo-1l-naphthol has m. p. 105—106°; Fuson, J. Amer. Chem. Soc., 1925, 47, 516). 

Ethyl 7-Chloro-1-naphthol-2 : 4-dicarboxylate——Ethyl p-chlorophenylacetate (0-1 mol.) was 
condensed with ethyl ethoxymethylenemalonate (0-1 mol.) in the presenée of sodium ethoxide 
under the conditions above described. Distillation of the crude ester under diminished pressure 
furnished a fraction (A), 15 g., b.p. below 142°/2 mm. (mainly unchanged esters), a fraction (B), 
3-9 g., b.p. 142—192°/2 mm. (mainly at 192°), and a residue (C), 14g., which began to decom- 
pose. (C), when cooled and stirred with alcohol, gave a solid, which was removed and crystal- 
lised from alcohol; m. p. 102—103° (2-5 g.). It gave a reddish-purple colour with ferric chloride 
(Found: Cl, 10-5. C,,H,,O,Cl requires Cl, 11-0%). 

The oily mother-liquor (8-7 g.) from (C) was hydrolysed with potassium hydroxide (7:5 g.) 
in aqueous alcohol (40 c.c.), and the product worked up in the usual way. 7-Chloro-1-naphthol- 
2: 4-dicarboxylic acid (2 g.), crystallised from aqueous alcohol, had m. p. 294° (Found: Cl, 
12-9; equiv., 136-7. C,,H,O,Cl requires Cl, 13-3%; equiv., 133-25). On methylation it gave 
7-chloro-1-methoxynaphthalene-2 : 4-dicarboxylic acid, m. p. 228° after crystallisation from aqueous 
alcohol (Found: Cl, 12-2. C,,;H,O,Cl requires Cl, 12-65%), the diantlide of which had m. p. 
215° (Found: Cl, 8-2. C,;H,,0,N,Cl requires Cl, 8-25%). 

a-p-Chlorophenylglutaconic acid. The fraction (B) (3-9 g.) was hydrolysed with aqueous 
alcoholic potassium hydroxide (5 g. in 30 c.c.); from the product, an acid (2-7 g.), crystallising 
from aqueous alcohol in needles, m. p. 175°, was obtained (Found: Cl, 14:8; equiv., 119-3. 
C,,H,O,Cl requires Cl, 14-7%; equiv., 120-75). 

1-Phenanthrol-2 : 4-dicarboxylic Acid.—Ethyl. 1-naphthylacetate (0-1 mol.) was condensed 
with ethyl ethoxymethylenemalonate and the crude ester obtained was distilled under reduced 
pressure. Two fractions were collected, (A), 12 g., b. p. below 170°/3-5 mm. (mainly unchanged 
esters), and (B), 6 g., b. p. 170—120°/3-5mm. The residue (14 g.), on hydrolysis with potassium 
hydroxide, gave an acid (1-5 g.), m. p. 304° after crystallisation from aqueous alcohol (Found : 
C, 68-2; H, 4-05. C,,H,,O, requires C, 68-15; H, 3-55%). This acid on methylation gave 
1-methoxyphenanthrene-2 : 4-dicarboxylic acid, m. p. 228° after crystallisation from aqueous 
alcohol (Found : C, 69-1; H, 4:6. C,,H,,O, requires C, 68-9; H, 405%). 
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The decarboxylation of 1-phenanthrol-2 : 4-dicarboxylic acid with quinoline and copper- 
bronze gave a very small amount of a phenolic product. This was methylated, yielding a solid, 
m. p. 86—89°, which could not be further purified owing to the very small amount available. 
1-Methoxyphenanthrene has m. p. 105° (Pschorr, Wolfes, and Buckow, Ber., 1900, 33, 170). 

a-1-Naphthylglutaconic acid. Fraction (B), after hydrolysis with potassium hydroxide, 
gave the above acid, m. p. 171° after crystallisation from aqueous alcohol (Found: C, 70-1; 
H, 5-0; equiv., 129-3. C,,;H,,0O, requires C, 70-3; H, 4:7; equiv., 128). 
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a grant. 
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394. Free Radicals and Atoms in Primary Photochemical Processes. 
The Free Propyl Radical from Diisopropyl Ketone. 


By Harotp H. GLAzEBROOK and THOMAS G. PEARSON. 


THE primary products of the photochemical dissociation of acetone, diethyl ketone, and 
di-n-propyl ketone are carbon monoxide and the free radicals methyl, ethyl, and n-propyl 
respectively (Norrish, Trans. Faraday Soc., 1934, 30, 108; Norrish and Appleyard, J., 
1934, 874; Pearson, ibid., p. 1718; Pearson and Purcell, J., 1935, 1151; this vol., p. 253; 
Prileshajeva and Terenin, Trans. Faraday Soc., 1935, 81, 1483). 

In an endeavour to prepare the isopropyl radical, ditsopropyl ketone was allowed to 
stream through a silica tube at low pressures, wherein it was irradiated by mercury-vapour 
arcs, and the products of photolysis were allowed to impinge on mirrors of tellurium or lead. 
These were completely removed in times comparable with those taken by the radicals 
from the other aliphatic ketones. Although the reaction with tellurium might be ascribed 
to atomic hydrogen, that with lead can be due only to organic radicals, and these were 
identified by allowing them to react with metallic mercury. A liquid considerably less 
volatile than the ketone could be isolated which at room temperature had the faint un- 
pleasant odour of the higher mercury alkyls. This liquid, which was dissolved in much 
unchanged ketone, was treated with an excess of mercuric bromide and kept overnight, 
the ketone removed, the solid white residue fractionally sublimed, and the behaviour of 
the sublimates during heating observed with a microscope. They were similar in all respects 
to synthetic mixtures of m-propylmercury bromide, mercuric bromide, and ditsopropyl 
ketone, but the complexity of the phenomena did not allow of an unequivocal identification. 
Therefore the experiments were repeated, with mercuric iodide in place of the bromide. 
The product was identical with m-propylmercury iodide ; it melted at 127°, alone or mixed 
with authentic m-propylmercury iodide (m. p. 127°). 

The result may be interpreted in two ways : either u-propy] results during the primary 
act of dissociation, or isopropyl is first formed and subsequently isomerises : 


Me,CH Me,CH Me,CH 
>cOoO — ‘ —_ ’ + CO 
Me,CH Me,CH-CO Me,CH 


CH,CH-CH, —> CH,°CH,°CH, 


The former hypothesis is untenable as shown by the experiments of Dr. Bamford and 
Dr. Norrish, who have kindly allowed us to use their unpublished results. They conclude 
that the process proceeds according to the following scheme : 


Me,cCH  _» CH,:CH-CH, + C;H,+CO 56% 


O 
Me,CH —™s C,H,+ CO 44%, 


The hydrocarbon C,H,, consists mainly of diisopropyl (v. p. and b. p.), and they were unable 
to detect an appreciable quantity of m-hexane in the products of the reaction. tsoPropyl 
5x 
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radicals are therefore liberated in the primary act, and thereafter combine with one another 
to yield diisopropyl without tautomerising. It thus appears that the tautomerism which 
occurred in our experiments was a consequence of the mercury which was used. 

A closely related series of transformations involving alkyl bromides has been investig- 
ated by Eltekoff (Ber., 1873, 6, 1258; 1875, 8, 1244) and others (Michael and Leupold, 
Annalen, 1911, 379, 263). The vapour of -propyl bromide when heated for 1 hour at 
262° is converted to the extent of 23% into isopropyl bromide. The reverse reaction 
occurs, but is much slower. Liquid isobutyl bromide after 48 hours’ irradiation with ultra- 
violet light (Lucas and Salmon-Legagneur, Compt. rend., 1928, 186, 39) gave 14% of 
tert.-butyl bromide, and similar reactions occurred (no values are given) with »-propyl 
bromide. All these reactions proceed most rapidly in the direction, normal —-> tso —> 
tertiary, i.e., opposite to that observed in our experiments. It has been shown in this 
laboratory (unpublished experiments with Mr. F. Carr) that radicals occur as intermediates 
in the photolysis of the alkyl halides, and if it be ailowed that tautomerism is always 
preceded by fission of the halide molecule, then combination of the radical with a halogen 
evidently favours the formation of the branched-chain radical, 7.e., n-propyl —> tsopropy]. 
It thus seems that the form in which the radical ultimately appears in a compound is 
governed by the nature of the element with which it has combined. 

It is the experience of organic chemists that the carbon atom ¢ in a normal group (I) 
is less negative than that in the corresponding iso-group (II) (Aun. Reports, 1932, 29, 96; 
1933, 30, 181; Baker and Nathan, J., 1935, 1845). Hence, it is reasonable that the 
tautomerism which occurs on combination with an electropositive element (metal) involves 





the migration of hydrogen to yield the -propy] derivative, whilst with an electronegative 


element (halogen) the iso-derivative is obtained. 
(L) CH,-CH,CH, CHy¢H (IL) 
CH, 


From these considerations the life-period measurements recorded in the experimental 
section refer to isopropyl. The value obtained for its half-life period, 4-4 x 10° sec., 
does not differ appreciably from that of n-propyl, 4-0 x 10° sec., measured under similar 
experimental conditions in the same apparatus. 

Whether rearrangement occurs during the formation of the metal alkyl or afterwards, 
is a fine point on which the present experments do not give information. These and 
related tautomeric changes are being further investigated. 


EXPERIMENTAL. 

Diisopropyl ketone was dried over calcium chloride and distilled at atmospheric pressure 
through a bead column, the middle fraction, b. p. 123—124°, being collected. Mercury was 
purified with nitric acid, dried, and redistilled in a vacuum. Commercially pure mercuric 
bromide was recrystallised from water. 

The apparatus employed for the experiments with tellurium and lead was that previously 
described (J., 1935, 1153). Manometers containing butyl phthalate were used, to avoid the 
presence of mercury in the apparatus. In the absence of ultra-violet light, the ketone was 
without action on tellurium or lead, but in its presence brown mirrors of tellurium, about 2 mm. 
wide and situated 3—4 cm. from the irradiated zone, were removed in 1—2 minutes. Lead 
mirrors were removed in longer but comparable times. 

The radicals were identified in the transparent quartz apparatus previously described (this 
vol., p. 253, Fig. 2). It was soon appreciated that the alkylmercury obtained was much less 
volatile than the ditsopropy] ketone and could be retained as a tail fraction during the distillation 
of the ketone through the apparatus (diisopropyl ketone, b. p. 123-5° ; dimethylmercury, b. p. 96° ; 
diethylmercury, b. p. 159°; di-n-propylmercury, b. p. 190°; diisopropylmercury, b. p. 119—121°/ 
125mm.). About ten passages of ketone over the mercury were therefore made before distilling 
the alkylmercury on the mercuric bromide. This was contained in a glass vessel having a neck 
of uniform quill tubing. The mixture of ketone, mercuric bromide, and the alkylmercury 
was kept overnight. After removal of the ketone, the vessel was surrounded with a water-bath 
at 80°; a white product then sublimed into the quill, leaving a residue of mercuric bromide in 
the bottom of the vessel. The vessel was removed from the apparatus, and the quill tubing 
cut just below the level of the sublimate. By pushing a piece of glass rod through the quill, 
the white solid was transferred without appreciable loss to the micro-sublimation apparatus, 















al 


d 











Free Radicals and Atoms in Primary Photochemical Processes. 1779 


wherein it was separated into a large number of small fractions, each of which was collected on a 
separate cover slip (Hans Meyer, ‘‘ Nachweis und Bestimmung organischer Verbindungen,” 
Leipzig, 1935). The first ten fractions were identical and consisted of minute colourless isotropic 
nodules, like sections through regular garnets. The cover-slips were placed in turn in a copper 
block on the microscope stage and gradually heated. The majority of the specimens melted 
over a range (124—128°), and left an infusible residue, a behaviour which does not correspond 
with that of any pure alkylmercury bromide (methyl derivative, m. p. 160—164°; ethyl, m. p. 
193-5°; n-propyl, m. p. 138°; isopropyl, m. p. 98°), but is nearly reproduced in a mixture of 
n-propylmercury bromide and mercuric bromide recrystallised from diisopropyl ketone and 
subsequently sublimed (cf. this vol., p. 255). It thus appeared that the main constituent of 
our product was -propylmercury bromide, but the presence of less than 5% of the iso-compound 
would have escaped detection. 

This conclusion was established by allowing the alkylmercury from 12 runs to react with 
mercuric iodide instead of the bromide. After removal of the ketone in the final stage, the solid 
residue was bright yellow. On sublimation into the quill tubing from a bath at 80°, a pale 
yellow solid was deposited, leaving unchanged red mercuric iodide in the vessel. The yellow 
solid was separated into 15 fractions, the first 13 of which were very pale yellow, irregular, 
crystalline grains identical in appearance with n-propylmercury iodide; they had m. p. 127°, 
unaffected by admixture with the authentic material (m. p. 127°). The last two fractions con- 
tained mercuric iodide. No higher or lower alkylmercury iodides were observed (isopropyl- 
mercury iodide, m. p. 112°). 

The life of the radicals was compared with that of the n-propyl radical obtained from di-n- 
propyl ketone under identical experimental conditions, by observing the times of removal of 
standard tellurium mirrors at various distances along a quartz tube from the irradiated zone 
(J., 1934, 1721), first the di-n-propyl ketone and then the ditsopropyl ketone being used. The 
results obtained are shown in the tables, in which the symbols have the meanings previously 
attached to them (J., 1934, 1721), the time ¢ being calculated from the Herzfeldt relationship 
(Paneth and Lautsch, Ber., 1931, 64, 2702) 


t = (X, — X,)/V — a(X} — XD/2VP 


Life period of radical from dtisopropyl ketone. 


Velocity of gas stream on entering tube (V) = 19:12 m./sec. Pressure (P) at this point = 0-093 cm. 
Hg. Average pressure gradient (2) = 0-00049 cm. Hg/cm. Diameter of tube = 11-2 mm. 


L, cm. tx 10%. -(secs.). log 1000 A. L, cm. tx 10%. x«(secs.). log 1000 A. 
1 0-37 45 1-347 10 3°53 86 1-066 
1-5 0-55 45 1-347 15 5-24 112 0-951 
2 0-73 55 1-260 20 6-85 140 0-854 
4 1-46 60 1-222 20 6-85 125 0-903 
7 2-52 70 1-155 24:5 8-24 150 0-824 


Life period of radical from di-n-propyl ketone. 
V = 16-64 m./sec. P = 0-062 cm. Hg. a = 0-:00031 cm. Hg/cm. Diameter of tube = 11-2 mm. 


3 1-34 85 1-071 18-2 7-75 275 0-561 

5 2-23 115 0-939 20-5 8-66 288 0-541 
10 4:38 156 0-807 21 8-85 330 0-482 
16 6°86 250 0-602 


From these results the mean half-life periods of the radicals from diisopropyl ketone and di-n- 
propyl ketone are 4-4 and 4-0 x 10° respectively. The latter value is in agreement with that 
previously obtained (this vol., p. 255), viz., 2-3 x 10- sec., in a tube 8 mm. in diameter. 


SUMMARY. 


On exposure to ultra-violet light, dissopropyl ketone yields free radicals which combine 
with mercury to give ”-propylmercury. It appears that the radical first liberated is iso- 
propyl, which subsequently tautomerises. 

The half-life periods of n-propyl from di-n-propyl ketone and of isopropyl from ditso- 
propyl ketone have been compared under identical experimental conditions and found to 
be 4-0 and 4-4 x 10° sec., respectively. 


The authors are indebted to the Royal Society for a grant. 
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395. Derivatives of 4-cycloHexyldiphenyl. Part II. 


By F. RoBEert BASFoRD. 


ATTEMPTs to obtain a monobromo-derivative of 4-cyclohexyldiphenyl by the action of 
one molecule of bromine on the hydrocarbon in carbon disulphide were without success, 
the substance being mainly unchanged. In presence of excess of the halogen, however, 
three atoms of bromine entered the cyclohexyl nucleus and a fourth went into the 
4’-position of the diphenylyl radical, producing 4'-bromo-4-(tribromocyclohexyl)diphenyl. 
This compound slowly undergoes thermal decomposition above its melting point with 
loss of three molecules of hydrogen bromide, giving p’-bromo-1 : 4-diphenylbenzene (cf. 
Braun, Irmisch, and Nelles, Ber., 1933, 66, 1481). This reaction is parallel to the formation 
of 1: 4-diphenylbenzene by the action of bromine at 160° on 1 : 4-dicyclohexylbenzene 
(Braun, Ber., 1927, 60, 1180), the initial stage of which is presumed to be the introduction 
of three atoms of bromine into each of the cyclohexyl nuclei, with their subsequent 
elimination in the form of hydrogen bromide. In this case, however, the isolation of an 
intermediate compound is not reported. Hydrogen bromide may also be removed from 
4'-bromo-4-(tribromocyclohexyl)diphenyl with alcoholic potassium hydroxide. 

Bromination of 4-cyclohexyldiphenyl in acetic acid solution in presence of anhydrous 
sodium acetate gives 4’-bromo-4- -cyclohexyldiphenyl i in small yield, but the most convenient 
method for its preparation is the action of cyclohexyl bromide on 4-bromodiphenyl in 
presence of aluminium chloride (cf. Mayes and Turner, J., 1929, 500). The bromo- 
derivative is oxidised by sodium dichromate and sulphuric acid to p-bromobenzoic acid. 
It is converted by bromine at 160° into p’-bromo-1 : 4-diphenylbenzene, but its dehydro- 
genation with selenium at 330° did not give this expected product; instead, bromine also 
was removed and | : 4-diphenylbenzene obtained. The bromo-derivative did not form a 
Grignard compound. 

Bromination of 4'-bromo-4-cyclohexyldiphenyl with an excess of bromine in carbon 
disulphide also gave 4’-bromo-4-(tribromocyclohexy])dipheny]. 


EXPERIMENTAL. 


4’-Bromo-4-cyclohexyldiphenyl.—(a) 4-cycloHexyldiphenyl (0-7 g.) in carbon disulphide 
(10 c.c.) was shaken with 5 c.c. of a solution of bromine (1 c.c.) in carbon disulphide (30 c.c.) 
and after 1 hour the solvent was distilled off. The residue, recrystallised from alcohol, gave 
unchanged 4-cyclohexyldiphenyl, m. p. and mixed m. p. 74-5° (this vol., p. 1593). 

(b) To a boiling solution of 4-cyclohexyldiphenyl (1 g.) in acetic acid (8 c.c.) containing 
anhydrous sodium acetate (1 g.), bromine (0-8 g. in 2 c.c. of glacial acetic acid) was added, and 
the mixture was kept at 120° until the colour of the bromine had disappeared (10 minutes). 
The product, precipitated by water after recrystallisation from alcohol, gave some unchanged 
hydrocarbon and also about 0-25 g. of a substance, m. p. 154°, which was stable at 200°. 

(c) 4-Bromodiphenyl (10 g.) (Schultz, Annalen, 1874, 174, 201) and cyclohexyl bromide 
(8 g.) were dissolved in carbon disulphide (20 c.c.) and anhydrous aluminium chloride (0-5 g.) 
was added to initiate the reaction, which was allowed to proceed at 18° during 6 hours and 
was completed during } hour at 40°. The product, after decomposition with dilute hydro- 
chloric acid, was steam-distilled to remove the solvent and the excess of cyclohexyl bromide, 
and the residue (14 g.), which became solid on cooling, was filtered off, dried, and distilled at 
7mm. The fraction, b. p. 230—280°, gave, after repeated crystallisation from alcohol—acetone, 
5 g. of pure 4’-bromo-4-cyclohexyidiphenyl in transparent plates having a faint odour of aniseed, 
m. p., alone or mixed with the product of (b), 154° (Found: Br, 25-9. C,,H,,Br requires 
Br, 25-5%). ° 

Oxidation of 4’-Bromo-4-cyclohexyldipheny] to p-Bromobenzoic Acid.—The bromo-derivative 
(1-5 g.) was stirred into a solution of sodium dichromate (10 g.) in water (20 c.c.) and glacial 
acetic acid (20 c.c.). Concentrated sulphuric acid (25 c.c.) was run in fairly rapidly until 
oxidation set in, and then more slowly so that the reaction proceeded smoothly. The oxidation 
was completed at 95° during 90 minutes and the acid was isolated and purified by precipitation 
with water, dissolution in aqueous sodium carbonate and reprecipitation with hydrochloric 
acid. Sublimation of the product gave crystalline plates, m. p. and mixed m. p. with authentic 
p-bromobenzoic acid (Hiibner, Ohly, and Philipp, Annalen, 1867, 148, 247) 248°. 














2 


a dO op 72 04,0 


a> m+ 45—CUC lO, 








a= 


we ow 

















Part IV. 





Dewar and Read: Researches on Phellandrenes. 178] 

Dehydrogenation of 4’-Bromo-4-cyclohexyldiphenyl.—(a) To 4’-bromo-4-cyclohexyldiphenyl 
(0-315 g.; 1 mol.) at 160°, bromine (0-16 g.; 3 mols.) was added during } hour; the tem- 
perature was kept at 200° during } hour and the melt was then cooled, extracted with 
acetone, and recrystallised from alcohol, giving plates, m. p. 232° (corr.), of p’-bromo-1 : 4- 
diphenylbenzene, not depressed by an authentic specimen. 

(b) 4’-Bromo-4-cyclohexyldiphenyl (0-25 g.) and selenium (1 g.) were heated together at 
330—360° during 30 minutes. The cooled melt was finely ground and extracted with chloro- 
form; evaporation of the filtrate gave 0-18 g. of a crystalline product which, after recrystal- 
lisation from alcohol, had m. p. 213° (corr.), alone or mixed with 1 : 4-diphenylbenzene (Gern- 
gross and Dunkel, Ber., 1924, 57, 739) (Found: C, 93-8; H, 6-2. Calc.’ for C,,H,,: C, 93-9; 
H, 6-1%). 

4’-Bromo-4-(tribromocyclohexyl)diphenyl.—(a) 4-cycloHexyldiphenyl (1-5 g.) was dissolved 
in carbon disulphide (10 c.c.), and bromine added gradually at 18° during 24 hours until the 
solution was no longer decolorised. The excess of bromine was destroyed with dilute aqueous 
sodium carbonate and the product was extracted with ether; evaporation of the solvent 
left a residue (3-5 g.), which began to decompose on heating. It was therefore treated with 
hot acetone, from which crystals, m. p. 148°, were obtained on cooling (Found: Br, 56-0. 
C,,H,,Br, requires Br, 57-95%). 

(b) To 4’-bromo-4-cyclohexyldiphenyl (0-25 g.), dissolved in carbon disulphide (5 c.c.), were 
added 10 c.c. of a solution of bromine (1 g.) in carbon disulphide (20 c.c.) : a small piece of 
iron wire was used as catalyst. The reaction was allowed to proceed during 2 hours in the 
cold and was completed at 50°. The product was extracted with ether in the presence of 
dilute aqueous sodium carbonate, and the ethereal solution was washed with water, dried with 
calcium chloride, and carefully evaporated, leaving a residue (0-5 g.), which separated from 
alcohol—acetone in crystals, m. p. and mixed m. p. with the product of (a) 148°. 

Decomposition of 4’-Bromo-4-(tribromocyclohexyl)diphenyl.—(a) Thermal decomposition. When 
the tetrabromo-derivative was heated between watch glasses at 160—220°, evolution of hydro- 
gen bromide gradually occurred, and the residue sublimed in feathery plates, m. p. 232° (corr.) 
(Found : Br, 25-8. Calc. for C,,H,,Br: Br, 25-9%), undepressed by authentic p’-bromo-l : 4- 
diphenylbenzene (Olgiati, Ber., 1894, 27, 3394). 

(b) Alkali decomposition. 4’-Bromo-4-(tribromocyclohexyl)diphenyl (0-1336 g.) was refluxed 
for several hours in an alcoholic solution of potassium hydroxide; crystals separated. The 
mixture was diluted with nitric acid and the residue was filtered off and recrystallised from 
alcohol, forming plates, m. p. 232°. The filtrate and washings were treated with silver nitrate 
in excess, and the excess was titrated with standard ammonium thiocyanate (Found : replace- 
able Br, 42-2. C,,H,,Br, requires replaceable Br, 43-5%). 


The author thanks Prof. F. S. Kipping, F.R.S., for his interest in this work, and the 
Department of Scientific and Industrial Research for a grant. 
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396. Researches on Phellandrenes. Part IV. A Comparison of the 
Catalytic Dehydrogenation of \-a-Phellandrene and |-Piperitone. 


By JoHN DEwar and JOHN READ. 


EARLIER investigations have shown that hydrogenating catalysts may simultaneously 
hydrogenate /-piperitone to d-isomenthone, etc., and dehydrogenate it to thymol (J., 1923, 
123, 2916; 1929, 2068; Chem. Reviews, 1930, 7, 20). It has thus been pointed out that 
“the hydrogenation of piperitone is a reversible process and that an optimum temper- 
ature exists for any specific set of conditions; above this temperature dehydrogenation is 
accelerated in conformity with the general principle of Sabatier and Senderens ”’ (J., 1929, 
2069). The yields of thymol obtained in these experiments were small, but Treibs and 
Schmidt (Ber., 1927, 60, 2335), by passing vaporised piperitone over a nickel catalyst at 280°, 
obtained a product containing 45% of thymol and 32% of menthone. 

We show below that, although piperitone was practically unaffected by platinised 
asbestos or ordinary platinised or palladised charcoa] at 300°, it was converted almost 
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quantitatively into thymol by treatment with Zelinski’s platinised charcoal catalyst in an 
atmosphere of carbon dioxide at 300°. Rupe’s porcelain—nickel catalyst similarly afforded 
a yield of more than 70% of thymol at 250°; but at the ordinary temperature in an 
atmosphere of hydrogen the same catalyst effected a practically quantitative hydrogen- 
ation of piperitone to menthones. These interesting results may be reconciled with the 

view (J., 1929, 2070) that a partial hydrogenation of piperitone is an essential prelude to 
its dehydrogenation, since all the catalysts employed were activated with hydrogen. 
A noteworthy example of simultaneous hydrogenation and dehydrogenation is provided 
by /-a-phellandrene. When heated in an atmosphere of carbon dioxide with an activated ' 
nickel catalyst, this terpene yielded a mixture of p-cymene and #-menthane, in the ; 
approximate proportion of 4 parts to 1. Here, part of the hydrogen resulting from the 
dehydrogenation is made available for hydrogenation, the equilibrium being dependent 
upon the conditions of the reaction. A close parallel thus exists in this respect between 
a-phellandrene and piperitone. A very similar example is provided by d-limonene, which ’ 
1 
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in presence of palladised asbestos at 180—185° was found by Zelinski (Ber., 1924, 57, 2058) 
to undergo transformation into an optically inactive mixture of p-cymene and p-menthane, 
in which the former predominated. 


EXPERIMENTAL. 


Catalytic Dehydrogenation of Piperitone.—(1) The second form of circulatory apparatus 
devised by Read and Robertson (J. Soc. Chem. Ind., 1929, 48, 2631) was used in various 
experiments, circulation ‘being maintained by means of a slow current of carbon dioxide. In 
each case the catalyst was submitted to a preliminary heating im situ at 300° in a slow stream of 
pure dry hydrogen, until no more moisture was expelled. In one experiment, the quartz 
U-tube was loosely packed with 5% platinised asbestos, kept in position with plugs of asbestos 
fibre: when freshly distilled /-piperitone was circulated at 300° for 4 hours, no appreciable 
dehydrogenation occurred. In other experiments, an ordinary palladised charcoal catalyst 
and also a 30% platinised charcoal catalyst (J. Soc. Chem. Ind., 1936, 55, 347T) produced no 
appreciable dehydrogenative effect on /-piperitone under similar conditions. 

(2) Zelinski’s platinised charcoal catalyst (Ber., 1926, 59, 2591) was packed in the silica 
tube of a vertical furnace of special design (J. Soc. Chem. Ind., 1936, 55, 3471) and activated in 
dry hydrogen at 200°. Dry carbon dioxide was then passed through the apparatus, the 
temperature being raised meanwhile to 300°. When /-piperitone was passed over the catalyst 
at the rate of one drop per minute, the colourless liquid collecting in the receiver consisted 
of almost pure thymol, only a very small proportion of unchanged piperitone being recover- 
able from it. The same specimen of catalyst could be used repeatedly in effecting this 
dehydrogenation. 

(3) A mixture of /-piperitone (20 g.) and Rupe’s porcelain—nickel catalyst (20 g.) (Ber., 
1916, 49, 55) was heated in a current of dry carbon dioxide for 8 hours at 240—250° in a flask 
provided with an air condenser. Extraction with alkali showed that the product contained 
about 62% of thymol, the remainder being d/-piperitone. The same specimen of catalyst when 
heated for a longer time with a fresh sample of piperitone effected a 72% conversion into thymol. 

Rupe’s catalyst was shown to bring about hydrogenation of piperitone under the following 
conditions. A mixture of /-piperitone (40 g.), ai®° — 42-0° (/ 1), catalyst (40 g.); rectified spirit 
(100 c.c.), and water (100 c.c.) was shaken in a hydrogenating bottle with hydrogen under a 
pressure of 50 lb./sq. in. After 2} hours the catalyst was removed by filtration and washed with 
ether. The ether washings were used to extract the filtrate. The extract was washed well 
with water, dried, and distilled from the water-bath. The residue (40 g.) consisted of crude 
d-isomenthone, having a» + 53-0° (1 1). The same sample of catalyst was used successfully in 
six similar hydrogenations. A portion (171 g.) of the product when distilled gave a fraction 
(153 g.) having b. p. 84—87°/10-5 mm., «j®° «++ 57-3° (J 1) (compare J., 1923, 123, 2922). 

Catalytic Dehydrogenation of l-a-Phellandrene.—l-a-Phellandrene obtained from the essential 
oil of E. dives by fractional distillation had b. p. 57—58°/10 mm., n}° 1-4780, «j*° — 67-3° (7 1). 
The terpene (30 g.) was mixed with an activated nickel catalyst (10 g.) in a flask with an air 
condenser, the operation being carried out in an atmosphere of dry carbon dioxide. Heat 
was evolved so rapidly that the liquid began to boil, and more cold /-«-phellandrene was added 
quickly to reduce the temperature. Later, the mixture was kept at 150° in a metal-bath 
for 10 hours, a slow stream of carbon dioxide being passed through the apparatus meanwhile, 
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The filtered liquid had m}>* 1-4782, and was optically inactive; its odour resembled that of 
p-cymene, and the absence of phellandrene was indicated by its failure to yield a nitrosite 
(J., 1923, 123, 1663). The product distilled almost completely at 56—60°/10 mm., and the 
physical constants of the distillate (di!° 0-844, ni3* 1-4813) corresponded approximately to those 
of a mixture of p-cymene (4 parts) and #-menthane (1 part). 

Part of the distillate (20 g.) was nitrated by the gradual addition, at 20—25° with mechanical 
stirring, of a mixture of concentrated nitric (7-2 c.c.) and sulphuric (8-2 c.c.) acids, the temper- 
ature being ultimately raised to 40° (compare Séderbaum and Widman, Ber., 1888, 21, 2126): 
The product when isolated in the usual way yielded two fractions upon distillation: (1) a 
colourless liquid (13 g.), b. p. 58—61°/12 mm., nif* 1-4747; (2) a lemon-yellow liquid (5 g.), 
b. p. 134°/12 mm., n}* 1-5332. Fraction (1), when renitrated twice, yielded more (2-1 g.) of 
fraction (2), together with a fraction (3), b. p. 58°/12 mm., nj" 1-4381. The last fraction con- 
sisted of p-menthane (compare Konowaloff, J]. Russ. Phys. Chem. Soc., 1899, 31, 1027; 1904, 
36, 237) (Found: C, 85-3; H, 14-2. Calc.: C, 85-6; H, 14:3%). A specimen of p-cymene 
when nitrated under the above conditions gave a product, b. p. 135°/12 mm., ni¥° 1-5335, which 
was substantially identical with fraction (2) above. Confirmation of the presence of p-cymene 
in the product of dehydrogenation of /-«-phellandrene was afforded by a study of absorption 
curves, for which we are indebted to Mr. R. E. Lishmund, B.Sc., of the Department of Natural 
Philosophy, United College, University of St. Andrews. The positions of the heads of absorption 
bands and the molecular extinction coefficients were as follows: product of hydrogenation, 
2725 A., 548 and 2650 A., 482; p-cymene, 2725 A., 588 and 2640 A., 504. The observations 
were made for alcoholic solutions. 


We thank the Carnegie Trust for the Universities of Scotland for the award of a Teaching 
Fellowship to one of us (J. D.), and Imperial Chemical Industries, Ltd., for a grant. 
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397. The Nuclear Alkylation of Aromatic Bases. Part III. The Action 
of Methyl Alcohol on the Hydrochlorides of a- and B-Naphthylamine. 


By Donatp H. Hey and E. R. BucKLEY JACKSON. 


THE nuclear alkylation of bases of the benzene series by the action of an aliphatic alcohol 
on a salt of the base at an elevated temperature has been studied by many workers (for 
references see Hey, Part I, J., 1931, 1581), but the application of the reaction to bases of 
polycyclic aromatic systems has received little attention (compare Hey and Jackson, 
Part II, J., 1934, 645). The action of methyl alcohol on «-naphthylamine hydrochloride 
at 180° gave rise mainly to dimethyl-«-naphthylamine and a-naphthol (Hantzsch, Ber., 
1880, 13, 1347; Pinnow, Ber., 1899, 32, 1405; Gokhlé and Mason, J., 1930, 1757), and 
Pinnow (loc. cit.), using 8-naphthyiamine hydrochloride, obtained only dimethyl-f-naphthyl- 
amine and $-naphthyltrimethylammonium chloride. The reaction involving the rearrange- 
ment on heating of an alkylarylamine hydrochloride was applied by Heap (J., 1933, 495) 
to isopropyl-$-naphthylamine hydrochloride in an unsuccessful attempt to obtain 1-1so- 
propyl-$-naphthylamine. Thus there appears to be no recorded example of nuclear 
alkylation in the naphthalene series, either by the action of an aliphatic alcohol on a 
naphthylamine hydrochloride (see, however, Landshoff, Ber., 1878, 11, 638) or by any 
modification of this reaction. 

The main factor governing nuclear methylation (C-methylation), which is preceded by 
N-methylation, is probably temperature, and, since previous workers in the naphthalene 
series had obtained N-methylated bases only, it seemed likely that the critical temperature 
for ‘‘ migration ’’ had not been reached. In the present work the reaction temperatures 
were somewhat higher than those used by previous workers in this series and varied from 
200° to 250°. Dziewonski and Dragan (Bull. Acad. Polonaise, 1934, A, 398) obtained 
1-methyl-2-naphthol by heating dimethylaniline and $-naphthol at 300° in the presence of 
a trace of sodium §-naphthoxide, 
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The action of methyl alcohol (3 mols.) on «-naphthylamine hydrochloride in an auto- 
clave at 240—250° is now shown to give mainly «-naphthol and tarry matter; at a 
slightly lower temperature (220°) dimethyl-«-naphthylamine also is produced. With 
methyl alcohol (4 mols.) at 230—250°, the amount of tarry matter formed is reduced and the 
product consists of «-naphthol together with smaller quantities of 2-methyl-l-naphthol, 
a-naphthylamine, methyl-«-naphthylamine, and «-methoxynaphthalene. Nuclear methyl- 
ation is thus effected, but the extent to which it occurs appears to be limited. 

In contrast with the behaviour of «-naphthylamine hydrochloride, the action of methyl 
alcohol (3 mols.) on 8-naphthylamine hydrochloride at 200—220° gives a mixture containing 
dimethy]-8-naphthylamine, di-8-naphthylamine, $-naphthol, 6-methoxynaphthalene, and 
bases of the dibenzacridine series, whereas with methyl] alcohol (4 mols.) at 240—250° 
the entry of a methyl group into the nucleus is readily effected and the product consists 
largely of 1-methyl-2-naphthol and methylamine hydrochloride together with smaller 
quantities of dimethyl-8-naphthylamine, di-8-naphthylamine, 6-methoxynaphthalene, and 
dibenzacridines. Nuclear methylation thus takes place far more readily in the 8-naphthyl- 
amine series than in the a-series and the product is not a base but a phenol. 

The bases of the dibenzacridine series formed in the above reactions were characterised 
by the ready formation of sparingly soluble hydrochlorides. The two pure compounds 
isolated have been identified as 3: 4:6: 7-dibenzacridine (I), which forms the greater 
part of the mixture, and 2:3:6:7-dibenzacridine (II). The formation of acridine 
derivatives in similar reactions in the benzene series has been recorded by Liebermann and 
Kardos (Ber., 1913, 46, 207; 1914, 47, 1563) and Hey (Part I, loc. cit.). The almost 
exclusive formation of 1:3: 7: 9-tetramethylacridine during the methylation of o- or 
p-toluidine (Part I, loc. cit.) indicates that the formation of an acridine derivative in these 
reactions probably involves the interaction of either the amino-groups of two molecules, 
with elimination of ammonia (or its methyl derivatives), or an amino-group of one molecule 
and a hydroxyl group of another, with elimination of water. In this manner 6-naphthyl- 
amine can give rise, theoretically, to2:3:6:7-,2:3:7:8-,and3: 4: 6: 7-dibenzacridine. 
Of these, the most probable is 3 : 4: 6: 7-dibenzacridine (I), in which the meso-carbon 
atom bridges the more reactive «-positions of the original naphthalenic structures. The 
formation of 2 : 3 : 6 : 7-dibenzacridine (II) involves a carbon bridge between an «- and a 
8-position, and in the case of the linear 2: 3:7 : 8-dibenzacridine two §-positions are 
involved. Previous workers have repeatedly shown that, normally, the 8-carbon atoms in 
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naphthalene are less prone to take part in ring formation than the «-atoms (Skraup and 
Cobenzl, Monatsh., 1883, 4, 438; Lellmann and Schmidt, Ber., 1887, 20, 3154; Morgan, 
J., 1898, 73, 536; 1900, 77, 814; Strohbach, Ber., 1901, 34, 4146; Bacovescu, Ber., 1910, 
43, 1280; Dey, Rau, and Sankaranarayanan, J. Indian Chem. Soc., 1932, 9,71; Dey and 
Lakshminarayanan, ibid., p. 149; Chakravarti, 1bid., p. 389. Compare also v. Braun and 
Gruber, Ber., 1922, 55, 1710; Cook, J., 1931, 2524; Hewett, this vol., p. 596). The 
proportion in which the two dibenzacridines were isolated, together with the failure to 
detect 2:3:7.:8-dibenzacridine in the product, is in general agreement with these 
observations. 

In the corresponding reaction with a-naphthylamine hydrochloride the absence of any 
definite indication of dibenzacridine formation is not surprising, since only one dibenz- 
acridine could be formed on the lines indicated above, namely, 1 :.2 : 8 : 9-dibenzacridine, 
and its formation would involve a carbon bridge between two §-positions of the original 
naphthalene nuclei. 

The two series of experiments also differed in that there was a far greater téndency for 
the formation of tarry matter in the «- than in the $-naphthylamine series. Similar 
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contrasting behaviour has been noted elsewhere by Benz (Ber., 1883, 16, 8) and Merz and 
Weith (Ber., 1881, 14, 2343). 

The formation of naphthyl methyl ethers probably results from the direct methylation 
of the naphthols (cf. Hantzsch, loc. cit.), the production of which in appreciable quantity 
is to be expected in view of the well-known mobility of the amino-group in the naphthalene 
series (compare also Part I, loc. cit.). The possibility that the methylnaphthols are formed 
by molecular rearrangement of the naphthyl methy] ethers is highly improbable : reactions 
of this type with phenolic ethers of simple normal alcohols do not appear to be known (cf. 
Niederl and Natelson, J. Amer. Chem. Soc., 1932, 54, 1063). 

The comparative yields of naphthol were greater in the experiments with «-naphthyl- 
amine than in those with 6-naphthylamine and it thus appeared possible that the hydrolysis 
of dimethyl-«-naphthylamine under the conditions of experiment is so facile that the 
process whereby nuclear methylation is effected cannot proceed to any appreciable extent. 
In order to diminish this hydrolysis dimethyl-«-naphthylamine hydrochloride was heated 
with methyl alcohol (14 mols.) : the formation of water which occurs during the preliminary 
methylation of the primary base thus being circumvented, it was anticipated that conditions 
might now be more favourable for the entry of a methyl group into the nucleus by 
‘‘ migration.” The main products, however, were «-naphthol and methyl-«-naphthylamine 
together with some tarry matter. The formation of the secondary base probably results 
from the separation of methyl chloride from the hydrochloride of the tertiary base, thus : 
a-C, 9H,*NMe,,HCl —> a-C,,H;-NHMe + MeCl (cf. Hickinbottom and Ryder, J., 1931, 
1281). In addition, it may be noted that in the experimental work on $-naphthylamine 
hydrochloride the volatile base isolated from the product is methylamine, and not dimethy]l- 
amine, thus : 


H,O 
8-C,9H,"NMe,,HCl —> C,,H,Me‘NHMe,HCl —> C,,H,Me-OH + NH,Me,HCl 


The formation of a diarylamine by the action of methyl alcohol on an amine hydro- 
chloride was observed in the dipheny] series (Part II, Joc. cit.). It is known that diarylamines 
may readily be formed in the naphthalene series (Landshoff, loc. cit.; Benz, loc. ctt.; 
Klopsch, Ber., 1885, 18, 1585; Heap, loc. cit.). The isolation of di-6-naphthylamine in 
the present work is therefore not surprising, but it was not possible to isolate any di-«- 
naphthylamine (cf. Benz, loc. cit.). 


EXPERIMENTAL. 


In the following experiments an electrically heated Monel metal autoclave of 250 c.c. capacity 
was used, the reaction mixture being contained in a close-fitting open Pyrex vessel within the 
autoclave (cf. Parts I and II, Jocc. cit.). 

Action of Methyl Alcohol on «-Naphthylamine Hydrochloride-—(A) With 3 mols. of methyl 
alcohol. (i) «-Naphthylamine hydrochloride (50 g.) and methyl alcohol (27 g.) were heated 
at 240—250° for 12 hours. The dark viscous product was extracted from the autoclave by 
successive treatments with 50% sulphuric acid, hot water, and aqueous sodium hydroxide. 
The total extract was made strongly acid and steam-distilled, the distillate extracted with 
benzene, and this extract dried (sodium sulphate) and evaporated. The residual oil, on distil- 


_ lation, yielded three fractions: (a) b. p. 260—280° (0-5 g.), (b) b. p. 280—290° (5 g.), and (c) 


b. p. 290—330° (1 g.). Solid material separated from fractions (a) and (b) and trituration with 
light petroleum (b. p. 40—60°), followed by crystallisation from that solvent, gave a-naphthol 
in fine white needles, m. p. 93—94°, not depressed by an authentic specimen. A small quantity 
of a-naphthol was also extracted from fraction (c) by means of aqueous alkali. The non- 
crystallisable portion of fractions (a) and (b) was a red oil of pleasant odour (1 g.), insoluble in 
acids and alkalis, and probably consisted of «-methoxynaphthalene. 

The residue from the steam distillation was made strongly alkaline with aqueous sodium 
hydroxide; a powerful ammoniacal odour was liberated, and some metallic hydroxide 
precipitated. Benzene extracted from the mixture a tarry material (20 g.) containing only a 
small quantity of basic material. 

(ii) In an attempt to reduce the amount of tarry matter formed, a second experiment was 
carried out with the same quantities of reactants but at 220°. The product was treated as 
described above. After the steam distillation, however, tarry matter, similar to, but less in 
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quantity than, that described above, was separated from the acid solution by decantation prior 
to the addition of alkali. The oil from the steam distillate (12 g.) solidified and after crystallis- 
ation from light petroleum (b. p. 40—60°) «a-naphthol was obtained in white needles, m. p. and 
mixed m. p. 93—94° (picrate, m. p. 191°). The light petroleum mother-liquors were evaporated : 
the residual oil (1-5 g.), freed from traces of a-naphthol by washing with aqueous alkali, behaved 
similarly to the neutral product isolated in experiment A (i). 

Evaporation of the benzene extract from the alkaline solution yielded a residue (8 g.), which 
distilled as a pale yellow oil at 275—295°. The oil was unaffected by boiling acetic anhydride, 
but readily yielded a picrate in alcoholic solution. Crystallisation from absolute alcohol gave 
small yellow needles, m. p. 142—143°, not depressed by the picrate (m. p. 144°) of dimethyl-c- 
naphthylamine, prepared from «-naphthylamine and methyl sulphate as described by Gokhlé 
and Mason (/oc. cit.). This preparation also yielded some secondary base, which was isolated 
as acetomethyl-«-naphthalide in needles, m. p. 96—97°. Landshoff (/oc. cit.).gives m. p. 90— 
91° and Rodionow and Vvedenskij (Bull. Soc. chim., 1929, 45, 122) give m. p. 93—94°. 

(B) With 4 mols. of methyl alcohol. a-Naphthylamine hydrochloride (50 g.) and methyl 
alcohol (36 g.) were heated at 230—250° for 12 hours. The product was extracted from the 
autoclave successively with hot benzene, concentrated hydrochloric acid, and aqueous sodium 
hydroxide. The whole was shaken, with the addition of more benzene and hydrochloric acid, 
and the benzene layer was separated (aqueous acid extract = X) and shaken with aqueous 
sodium hydroxide (aqueous alkaline extract = Y; residual benzene solution = Z). 

The aqueous acid extract (X) was filtered, made alkaline, filtered from precipitated metallic 
hydroxides, and extracted with benzene. Evaporation of the solvent left a dark oil (4 g.), 
b. p. 285—295°, which was treated with acetic anhydride and distilled. Two fractions were 
collected, (a) b. p. 290—310° and (b) b. p. > 310°. Fraction (b) solidified and yielded aceto-a- 
naphthalide (m. p. and mixed m. p. 157—158°) after crystallisation from dilute alcohol. Fraction 
(a) partly solidified on trituration with light petroleum and consisted of a mixture of aceto-a- 
naphthalide and acetomethyl-«-naphthalide. 

The aqueous alkaline extract (Y) was acidified and extracted with benzene. After filtration 
and removal of solvent, the residue distilled as a red oil (8 g.), b. p. 290—300°, which solidified 
when cold, Crystallisation from light petroleum (b. p. 40—60°) yielded a-naphthol (m. p. and 
mixed m. p. 93—94°) and, after the separation of further batches of a-naphthol from the mother- 
liquor, a product was obtained, m. p. 55—58°. Further crystallisation from the same solvent 
and treatment with charcoal raised the m. p. to 62—63° and a mixed m. p. with a-naphthol 
showed a marked depression. The compound, obtained in soft white needles, is therefore 
regarded as 2-methyl-l-naphthol (Found: C, 83-1; H, 6-6. Calc. for C,,H,,O: C, 83-5; 
H, 63%). Lesser (Annalen, 1914, 402, 42) records m. p. 61° and Vesely and Paé (Chem. Zenir., 
1930, II, 1547) m. p. 64—65°. 

The residual benzene solution (Z), containing neutral or weakly basic products, was dried 
over sodium sulphate and distilled. After removal of solvent, three fractions were collected, 
(a) b. p. 250—300° (1-5 g.), (b) b. p. 300—350° (1-0 g.), and (c) b. p. > 350° (7-0 g.), leaving 
a residue of tar. Fraction (a) was dissolved in ether, washed successively with aqueous acid and 
aqueous alkali, dried, and distilled. A yellow neutral oil was obtained, b. p. 260—270°, similar 
to that isolated from the steam distillate in experiments A (i) and A (ii). Admixture with 
1 : 3: 5-trinitrobenzene in hot alcoholic solution yielded the addition compound of «-methoxy- 
naphthalene in yellow needles, m. p. 139—140° (Sudborough and Beard, J., 1911, 99, 214, 
record m. p. 137—138°). Fractions (b) and (c) became very dark on standing and neither 
reacted with acetic anhydride nor united with picric acid. 

This method of working up the products of reaction is more effective than prolonged steam- 
distillation, as employed in experiments A (i) and A (ii), which may bring about an increase in 
the amount of tarry matter. 

Action of Methyl Alcohol on Dimethyl-a-naphthylamine Hydrochloride.—(C) The hydrochloride 
of dimethyl-a-naphthylamine (40 g.; 1 mol.) (obtained quantitatively as a deliquescent white 
powder by the passage of a rapid stream of dry hydrogen chloride into a dry ethereal solution 
of the base) and methyl alcohol (9 g.; 1-5 mols.) were heated at 230—250° for 12 hours. The 
product, a brown syrup of pronounced ammoniacal and fishy odour, was treated as described 
in experiments A (i) and (ii). The benzene extract of the steam distillate was dried and 
evaporated. The residual oil (5 g.) solidified and crystallisation from light petroleum (b. p. 
40—60°) yielded a-naphthol (m. p. and mixed m. p. 93—94°). Evaporation of the mother- 
liquor yielded a small quantity of a neutral oil, similar to that obtained in the previous 
experiments and probably consisting of «-methoxynaphthalene. 
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The residue from the steam distillation was decanted from insoluble tarry material (similar 
to that described above), made alkaline, and extracted with benzene. The extract was dried 
over potassium carbonate and evaporated. The residue distilled as a pale yellow oil (7 g.), 
b. p. 270—295°, which was boiled under reflux for 1 hour with an excess of acetic anhydride. 
After removal of the excess of acetic anhydride by evaporation the residue, which solidified, 
was crystallised from light petroleum (b. p. 40—60°), acetomethyl-a«-naphthalide being obtained 
in small white needles, m. p. and mixed m. p. 95—96°. 

Action of Methyl Alcohol on 8-Naphthylamine Hydrochloride.—(D) With 3 mols. of methyl 
alcohol. (§-Naphthylamine hydrochloride (50 g.) and methyl alcohol (27 g.) were heated at 200— 
220° for 12 hours. The product was removed from the autoclave with the aid of benzene 
(500 c.c.), and the solution shaken with 10% aqueous sodium hydroxide (500 c.c.). An 
ammoniacal fishy odour was liberated, and metallic hydroxide precipitated. After separation 
of the filtered aqueous alkaline layer (U) the residual benzene solution was washed with 
water and shaken vigorously with 15% hydrochloric acid (500 c.c.), a yellow hydrochloride 
being precipitated. The filtered aqueous acid extract (V) was separated from. the benzene 
layer (W). 

The aqueous alkaline solution (U) was acidified, and the resulting mixture of solution and 
precipitated solid extracted with ether. The extract, dried over sodium sulphate, was 
evaporated; the residual oil (5 g.) solidified when cold. Two crystallisations from light 
petroleum (b. p. 60—80°) yielded 8-naphthol in white needles, m. p. and mixed m. p. 119—120° 
(picrate, m. p. and mixed m. p, 155°). 

The yellow hydrochloride (above) was suspended in hot water and treated with an excess of 
aqueous sodium hydroxide. The liberated base (3 g.) was washed with water and dried. 
Fractional crystallisation from benzene—light petroleum (b. p. 60—80°) yielded mainly 3 : 4 : 6: 7- 
dibenzacridine in pale yellow leaflets, m. p. 208—210°, and a second compound in white needles, 
m. p. 145—148°, the further purification of which was impracticable owing to the small quantity 
available. A mixed m. p. of the 3: 4:6: 7-dibenzacridine with an authentic specimen showed 
no depression (see also experiment E). 

The aqueous acid extract (V), made alkaline with aqueous sodium hydroxide, evolved an 
ammoniacal fishy odour and liberated an oil, which was extracted with benzene. The solvent 
was evaporated from the dried extract (potassium carbonate), and the residual oil distilled, 
giving fractions (a) b. p. 305—310° (9 g.) and (b) b. p. 310—320° (2 g.) and leaving a small 
tarry residue. Fraction (a) darkened in the air and solidified at 0°. Crystallisation from dilute 
alcohol yielded dimethyl-8-naphthylamine in white leaflets, m. p. 46° (cf. Hantzsch, Ber., 1880, 
18, 2055; Pinnow, Joc. cit.). Treatment with boiling methyl iodide gave B-naphthyltrimethyl- 
ammonium iodide, which crystallised from alcohol in white leaflets, m. p. 190° (decomp.) (cf. 
Reychler, Bull. Soc. chim., 1902, 27, 886). The picrate crystallised from benzene in small yellow 
prisms, m. p. 195° (decomp.), almost insoluble in absolute alcohol; when crystallised from 
benzene-alcohol, it retained solvent of crystallisation (Found : N, 12-6, 12-9%), but it separated 
from acetone in small yellow prisms, m. p. 195—196° (decomp.) (Found: N, 14:1. 
C,,H,"NMe,,C,H,O,N; requires N, 14-0%) (cf. Hodgson and Crook, this vol., p. 1502). 

The benzene solution (W) was dried (sodium sulphate) and evaporated; the residual oil 
(20 g.) partly solidified. After filtration the solid residue was crystallised from benzene and 
yielded di-8-naphthylamine in lustrous white leaflets, m. p. 170° (cf. Ris, Ber., 1887, 20, 2618; 
Merz and Weith, Ber., 1880, 18, 1300; Heap, Joc. cit.). , The picrate separated from benzene 
in bronze needles, m. p. 164° (cf. Benz, Ber., 1883, 16, 20; Heap, Joc cit.). Distillation of the 
oily filtrate gave two fractions, (a) b. p. 265—295° (4 g.) and (b) b. p. 295—355° (1 g.), anda 
viscous residue (5 g.)._ Fraction (b), treated with a hot alcoholic solution of picric acid, yielded 
a further quantity of di-8-naphthylamine picrate, m. p. and mixed m. p. 163—164°. Fraction 
(a) solidified on standing and crystallisation from light petroleum (b. p. 60—80°) yielded 
8-methoxynaphthalene in white flakes, m. p. and mixed m. p. 73—74° (Found: C, 83-5; H, 6-4. 
Calc. for C,,H,,O0: C, 83-5; H 6-3%) (cf. Marchetti, Gazzetta, 1879, 9, 545; Staedel, Annalen, 
1883, 217, 43). 

(E) With 4 mols. of methyl alcohol. §-Naphthylamine hydrochloride (50 g.) and methyl 
alcohol (36 g.) were heated at 240—250° for 12 hours. The product was extracted from the 
autoclave with the aid of benzene, separated by decantation from a crystalline sediment, and 
shaken successively with aqueous alkali and acid, as described in experiment D. During the 
latter operation, as before, a yellow solid was precipitated. The crystalline sediment (13 g.) 
was washed with benzene. It was readily soluble in water and, when heated with aqueous 
sodium hydroxide, evolved a gas which had a fishy odour and-burned with a non-luminous flame : 
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nitrogen was freely liberated on treatment with nitrous acid. These facts indicate that the 
substance is methylamine hydrochloride. 

Acidification of the aqueous alkaline washings precipitated a solid (7 g.), which after two 
crystallisations from light petroleum (b. p. 60—80°) yielded 1-methyl-2-naphthol in long white 
needles, m. p. 110° (Found: C, 83-4; H, 6-5. Calc. for C,,H,,O: C, 83-5; H, 6-3%) (cf. Betti 
and Mundici, Gazzetta, 1906, 36, 657; Fries and Hiibner, Ber., 1906, 39, 441). Alkaline solutions 
of the naphthol exhibited a blue fluorescence and yielded no coloured precipitate on addition 
of a solution of benzenediazonium chloride (cf. Fries and Hiibner, Joc. cit.). The picrate separated 
from alcohol in red needles, m. p. 160—161° (cf. Betti and Mundici, Joc. cit.; Bargellini and 
Silvestri, Gazzetta, 1907, 37, 412; Dziewonski and Dragan, Joc. cit.). Both the naphthol (m. p. 
110°) and its picrate (m. p. 160—161°) showed marked depressions in m. p. when mixed with 
8-naphthol (m. p. 122°) and its picrate (m. p. 156°) respectively. 

Addition of aqueous sodium hydroxide to the aqueous acid washings liberated strong 
fish-like odours, but only a small quantity of basic material was extracted with benzene. This 
distilled at 270—300°, became dark on standing, and yielded a picrate, m. p. 195—196° (decomp. ) 
(from benzene-alcohol). No depression in m. p. was shown on admixture with dimethyl-6- 
naphthylamine picrate (see experiment D). 

The residual benzene solution, containing neutral or weakly basic products, was dried over 
sodium sulphate and evaporated. The viscous oily residue (10 g.) was distilled and gave two 
fractions, (a) b. p. 260—340° (1-5 g.) and (b) b. p. above 340° (7-0 g.), both of which partly 
solidified. The solid from fraction (a), on recrystallisation, yielded §-methoxynaphthalene 
(m. p. and mixed m. p. 73—74°), and that from fraction (b), on crystallisation from benzene, 
gave mainly di-8-naphthylamine (m. p. and mixed m. p. 169—170°). Evaporation of the 
benzene mother-liquor left a yellow solid residue which, on repeated crystallisation from benzene— 
alcohol, yielded 3 : 4 : 6 : 7-dibenzacridine (m. p. 210°), a second compound in yellow needles, 
m. p. 183—184° (Found: C, 83-3; H, 4-9; N, 4-1%), and a yellow crystalline solid, m. p. 170— 
180°: the quantities of the last two compounds were insufficient for further examination. 

The yellow hydrochloride which had separated when the benzene solution of the reaction 
product was shaken with hydrochloric acid was suspended in hot water and treated with aqueous 
sodium hydroxide. The liberated base (10 g.) was washed with water and dried. Fractional 
crystallisation from benzene-alcohol yielded mainly 3 : 4: 6: 7-dibenzacridine in fine yellow 
needles, m. p. 213—214° (Found: C, 90-2; H, 4:7; N, 5-3. Calc. for C,,H,,N: C, 90-3; 
H, 4:7; N, 5-0%) (cf. Reed, J. pr. Chem., 1886, 34, 160; 1887, 35, 298; Morgan, J., 1898, 78, 
542; 1900, 77, 814; Senier and Goodwin, J., 1902, 81, 289; Senier and Austin, J., 1906, 89, 
1393; Kermack, Slater, and Spragg, Proc. Roy. Soc. Edinburgh, 1930, 50, 243), and a small 
quantity of a second dibenzacridine in pale yellow needles, m. p. 206—207° (Found: C, 90-0; 
H, 5-0; N, 5-1%), regarded as 2: 3:6: 7-dibenzacridine (Strohbach, Ber., 1901, 34, 4157, 
gives m. p. 205-5—206° for this compound). The 3: 4: 6: 7-dibenzacridine, which separated 
from alcohol in yellow needles or from benzene in brown leaflets, showed no depression in 
m. p. in admixture, with an authentic specimen. Solutions in alcohol showed a strong blue- 
purple fluorescence, and in concentrated sulphuric acid solution a blue-green fluorescence was 
exhibited (cf. Senier and Goodwin, Joc. cit.; Ullmann and Fetvadjian, Ber., 1903, 36, 1028). 
Solutions of 2 : 3 : 6 : 7-dibenzacridine in alcohol also showed a blue-purple fluorescence, and in 

concentrated sulphuric acid a yellow-green fluorescence. 


The authors express their grateful thanks to Professor J. W. Cook for specimens of 1 : 2 : 6: 7- 
and 3: 4:6: 7-dibenzacridine, to Dr. W. O. Kermack for a specimen of 1 : 2 : 8 : 9-dibenzacridine, 
and to the Chemical Society for a grant. 
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398. a-Ketol Carboxylic Acids. Part I. 9-Hydroxy-10-keto- and 
10-Hydroxy-9-keto-stearic Acids. 
By GEorGE KING. 


INTEREST in the a-ketol derivatives of the higher aliphatic acids has been stimulated during 
recent years by the suggestion that this type of compound may occur among the products 
of autoxidation of the higher unsaturated acids or their glycerides (Ellis, J. Soc. Chem. Ind., 
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1926, 45, 198r; Morrell and Marks, J. O1l Col. Chem. Assoc., 1927, 10, 197; Skellon, J. 
Soc. Chem. Ind., 1931, 50, 382T; Morrell and Davis, tbid., 1936, 55, 237, 2617), yet much 
uncertainty exists regarding the properties of these particular ketols, and the simple 
a-ketol derivatives of stearic acid do not appear to have hitherto been isolated. 

Under favourable conditions the oxidation of oleic acid with alkaline permanganate 
affords an almost theoretical yield of 9 : 10-dihydroxystearic acid, m. p. 132° (Robinson and 
Robinson, J., 1925, 127, 175; Lapworth and Mottram, 7bid., p. 1628). On the other hand, 
if an excess of alkali is avoided, the product for the most part corresponds in composition 
to a hydroxyketostearic acid (Holde and Marcusson, Ber., 1903, 36, 2658). It is now shown 
that in neutral solution this oxidation leads principally to the formation of a mixture of the 
two structurally isomeric 9 : 10-hydroxyketostearic acids. The individual isomerides have 
been isolated, their constitutions clearly established, and their properties examined in some 
detail. The conditions under which the two hydroxyketo-acids may be prepared in good 
yield from both oleic and elaidic acids may be summarised as follows: (1) The acid and 
potassium hydroxide should be in equivalent proportion, and the amount of potassium per- 
manganate subsequently added approximately two mols. per mol. of oleic acid; (2) the 
concentration of the acid should not exceed 1 g. per litre of the reaction mixture; and (3) 
the duration of the oxidation should be 8—10 minutes, at 8—10° for oleic acid and 25° 
for elaidic acid. 

In such circumstances commercial samples of oleic acid give a 30—40% yield of a mix- 
ture of 9-hydroxy-10-ketostearic and 10-hydroxy-9-ketostearic acids, together with 20—35%, 
of dihydroxystearic acid, m. p. 132°. Elaidic acid similarly affords 55—60% of mixed 
hydroxyketostearic acids, and 10—20°, of dihydroxystearic acid, m. p. 95°. The two 
hydroxyketostearic acids appear to be formed in about equal amounts, and repeated 
crystallisation of the product from 60°%, alcohol or petroleum—benzene yields a mixture of 
constant m. p. 64-5—65-5°. A separation is most conveniently effected through the semi- 
carbazones. 

9-Hydroxy-10-ketostearic acid (I), m. p. 74°, is characterised by a semicarbazone, m. p. 
152°, and is oxidised smoothly by periodic acid at room temperature to nonoic acid and 
azelaic semialdehyde. The isomeride (II), m. p. 75-5° (semicarbazone, m. p. 138-5°), is 
oxidised under similar conditions to nonaldehyde and azelaic acid. 


(I.) CH,:(CH,],-CO-CH(OH)-[CH,],-CO,H —> CH,*[CH,],-CO,H + CHO-[CH,},-CO,H 
(IL) CH,{CH,],*CH(OH)-CO-[CH,)},-CO,H —> CH,-[CH,],-CHO + CO,H-[CH,],-CO,H 


The hydroxyketostearic acids exhibit normal properties, and show no tendency to 
enolise under ordinary conditions. They are unimolecular in solution. They reduce 
Fehling’s and ammoniacal silver nitrate solutions readily on heating, and are oxidised in 
the cold by chromic acid in acetic acid to the diketone, stearoxylic acid, whereas with hot 
acid permanganate nonoic and azelaic acids are the main products. Nascent hydrogen 
slowly reduces 9-hydroxy-10-ketostearic acid to dihydroxystearic acid, m. p. 132°, but the 
isomeride is particularly resistant to reduction. Interconversion of the two isomerides 
occurs when the hydroxyketo-acids are dissolved in dilute alkali solution, equilibrium being 
reached in 24—36 hours at room temperature, or within a few minutes at 100°. Autoxid- 
ation, although extremely slow in weakly alkaline solution, becomes appreciable when a 
solution of the acids in concentrated alkali is heated in the presence of air, and is still more 
pronounced in boiling alcoholic potassium hydroxide, nonoic and azelaic acids being the 
principal products (cf. Weissberger e¢ al., Annalen, 1933, 502, 53; J., 1935, 223). 2: 4- 
Dinitrophenylhydrazine gives an osazone, m. p. 146-5°, identical with that prepared from 
stearoxylic acid. 

The mechanism of the formation of the hydroxyketostearic acids remains obscure, since 
the two dihydroxy-acids are practically unaffected by permanganate under the conditions 
outlined above. Hence the assumption that the latter are intermediates in this process 
appears to be untenable. 

It has been suggested (Hilditch, J., 1926, 1828; Hilditch and Lea, J., 1928, 1576) that 
the dihydroxystearic acids, m. p.’s 132° and 95°, are structurally related to elaidic and oleic 
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acids respectively, and that the “‘ inversion ”’ which occurs during the oxidation of the latter 
acids with alkaline permanganate may be attributed to the alkalinity of the medium. 
In the present investigation, although the oxidations were carried out under substantially 
neutral conditions (pq ca. 8-5), and excess of alkali was carefully avoided, of the two 
dihydroxy-acids, that of m. p. 132° was formed exclusively as a by-product from oleic 
acid, that of m. p. 95° from elaidic acid. 


EXPERIMENTAL. 


Oxidation of Oleic Acid to a Mixture of 9: 10-Hydroxyketostearic Acids.—A solution of oleic 
acid (5 g.) in water (1 1.) containing the theoretical quantity of N-potassium hydroxide (17-75 
ml.) was diluted to 5 1. and cooled to 8°, and potassium permanganate (5-5 g.) in cold water 
(250 ml.) rapidly added with shaking. After 10 minutes the solution was decolourised with 
sodium hydrogen sulphite (30 g.) in water (150 ml.), followed by 5N-hydrochloric acid (60 ml.). 
The precipitate was collected, washed, dried in a vacuum, and digested with chloroform (50 ml.). 
When the resulting solution was cooled in ice, dihydroxystearic acid (1-2 g.) separated. This was 
removed and the filtrate was washed, dried, and evaporated. Light petroleum (200 ml., b. p. 
40—60°), added to the warm (molten) residue, and subsequent cooling in ice during 24 hours, 
precipitated crude hydroxyketostearic acid. This was collected, redissolved in cold chloroform 
(10 ml.), and filtered from a trace of insoluble matter, and the solvent removed. The warm 
residue was again treated with light petroleum (150 ml.), and the product (1-7 g.) was crystallised 
several times from 60% alcohol, from which it separated in hexagonal and rhombic plates, 
m. p. 64—65° [Found: C, 68-6; H, 10-7; M, by titration, 313; M (Rast), 331; M, cryoscopic 
in acetic acid, 289. Calc. for C,,H,,0,: C, 68-8; H, 109%; M, 314]. 

The dihydroxystearic acid crystallised from alcohol in rhombic plates, m. p. and mixed m. p. 
131°, sparingly soluble in ether (Found : equiv., 316. Calc. for C,,H,,O, : equiv., 316). 

Evaporation of the petroleum mother-liquors left a pale yellow, semi-solid residue (1-2 g.), 
iodine value 20, which reduced alkaline permanganate, and presumably consisted of unchanged 
oleic acid together with saturated acids which were present in the original commercial acid. 

Oxidation of Elaidic Acid.—The method was precisely similar to that described above, except 
that the reaction was carried out at 25°. 5G. of elaidic acid, m. p. 45°, afforded 3-0 g. of hydr- 
oxyketostearic acids, m. p. 64°, and 0-6 g. of dihydroxystearic acid, m. p. and mixed m. p. witha 
specimen prepared from oleic acid (Hilditch, Joc. cit.) 94-5° (Found: equiv., 315). The petrol- 
eum mother-liquors left on evaporation a solid (0-5 g.), m. p. 41—45°, consisting mainly of 
unchanged elaidic acid. 

Semicarbazones of 9: 10-Hydroxyketostearic Acids.—Repeated fractional crystallisation from 
a number of solvents having failed to effect any separation of the mixture of hydroxyketo- 
acids, m. p. 64—65°, the mixed acids (4 g.) were converted into a mixture of semicarbazones, 
which formed readily in the cold during 48 hours and crystallised from alcohol in needles and 
rhombohedra, m. p. 130—140° (cf. Holde and Marcusson, Joc. cit.). The product (5 g.) was 
digested with ethylene dichloride (500 ml.), and the hot solution rapidly filtered (filtrate A). 
The insoluble residue (2-5 g.), consisting of the semicarbazone of 9-hydroxy-10-ketostearic acid, 
crystallised from aqueous alcohol in small flat prisms, m. p. 152°, sparingly soluble in cold alcohol 
and ether (Found: C, 61-8; H, 9-9; equiv., 371. C,,H,,0O,N, requires C, 61-5; H, 10-0%; 
equiv., 371). 

Filtrate (A) gave, on cooling in ice, a precipitate of the semicarbazone of 10-hydroxy-9-keto- 
stearic acid (2-3 g.), which crystallised from absolute alcohol in colourless needles, m. p. 138-5° 
(Found : C, 61-9; 9-8%). 

9-Hydroxy-10-ketostearic Acid.—The semicarbazone of m. p. 152° (5 g.) was hydrolysed by 
boiling with 2N-hydrochloric acid (500 ml.) and formaldehyde (5 ml. of 38% solution) for 15 

minutes. The acid (3-5 g.) crystallised from aqueous alcohol in cojourteas plates, m. p. 74° 
(Found : C, 68-9; H, 10-8%; equiv., 314). 

10-Hydroxy-9-ketostearic Acid.—The semitarbazone, m. p. 138-5° (5 g.), gave on hydrolysis an 
acid (3-5 g.), crystallising from aqueous alcohol in colourless plates, m. p. 75-5° (Found: C, 69-0; 
H, 10-8%; equiv., 314). A mixture of this acid with an equal quantity of 9-hydroxy-10-keto- 
stearic acid melted at 65°. 

Both acids dissolved readily in most organic solvents, although less readily in carbon tetra- 
chloride and very sparingly in light petroleum. No coloration was obtained with ferric chloride 
or sodium nitroprusside, nor was there any appreciable absorption of bromine or iodine in acid 
solution (iodine values of 1—2 were found). 
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2 : 4-Dinitrophenylhydrazine in sulphuric acid, added to a solution of either acid in 80% 
alcohol, gave after 48 hours a nearly quantitative yield of the dintivophenylosazone, which 
crystallised from alcohol—chloroform in orange needles, m. p. 146-5° alone or mixed with the 
product obtained in a similar manner from stearoxylic acid [Found: N, 16-3; M (Rast), 686. 
Cy9H,O,9N grequires N, 16-7%; M,672]. This osazone was sparingly soluble in alcohol and ether, 
but soluble in chloroform. In alcoholic sodium hydroxide it formed an intensely violet solution. 

Oxidation of 9 : 10-Hydvoxyketostearic Acids with Periodic Acid.—By the technique described 
by Clutterbuck and Reuter (J., 1935, 1467), preliminary experiments were carried out to ascer- 
tain whether these «-ketol acids react quantitatively with periodic acid according to the equation: 

R-CO-CH(OH):-R’ + HIO, = R‘CO,H + R”CHO + HIO, 
It was found that oxygen equivalent to 105% of the theoretical quantity was absorbed during 
48 hours at room temperature, and the amount of potassium periodate required for the following 
oxidative processes was calculated accordingly. 

(a) Potassium periodate (1-55 g.) in water (100 ml.), acidified with N-sulphuric acid (exactly 
100 ml.), was added to 9-hydroxy-10-ketostearic acid (2 g.) in alcohol (300 ml.). After 48 hours 
N-potassium hydroxide (exactly 100 ml.) was added, and the liquid steam-distilled. Zinc 
sulphate, added to the carefully neutralised distillate, precipitated zinc nonoate (0-9 g. Calc., 
1-2 g.), crystallising from alcohol in plates, m. p. and mixed m. p. with an authentic specimen 
133°. The slightly turbid liquid left after the steam-distillation was treated with potassium 
iodide (10 g.), acidified with 2N-hydrochloric acid, and the liberated iodine titrated with thio- 
sulphate (to remove iodate). On addition of Brady’s reagent, the 2 : 4-dinitrophenylhydrazone 
of azelaic semialdehyde separated (1-4 g. Calc., 2-24 g.), which crystallised from methyl alcohol 
in short, thick, orange blades, m. p. 120°, sparingly soluble in alcohol at 0° (Found: C, 51-5; 
H, 6-0; N, 15-6. C,;H,,O,N, requires C, 51-1; H, 5-7; N, 159%). This dissolved readily in 
aqueous sodium hydroxide, forming a deep red solution from which it was recovered on 
acidification. 

(b) 10-Hydroxy-9-ketostearic acid (2 g.) was oxidised by periodic acid in a similar manner. 
After 48 hours the solution was made slightly alkaline and steam-distilled. Addition of Brady’s 
reagent to the distillate precipitated the dinitrophenylhydrazone of nonaldehyde (1-29 g. Calc., 
2-04 g.), which crystallised from absolute alcohol in golden-yellow needles, m. p. 106—106-5° 
(cf. Allen, J. Amer. Chem. Soc., 1930, 52, 2955; Nunn and Smedley-Maclean, Biochem. J., 
1935, 29, 2744) (Found: C, 56-1; H, 6-9; N, 17-6. Calc. for C,,H,,O,N,: C, 55-9; H, 6-9; 
N, 17-4%). The liquid remaining after the steam-distillation was acidified with 2N-sulphuric 
acid, evaporated to small bulk, and extracted several times with ether. Removal of the ether 
left almost pure azelaic acid (1-1 g. Calc., 1-2 g.), which crystallised from water in colourless 
plates, m. p. and mixed m. p. 107° (Found: equiv., 94-5. Calc. for C,H,,0O,: equiv., 94). 

Oxidation of the Hydroxyketo-acids to Stearoxylic Acid.—9-Hydroxy-10-ketostearic acid (0-5 
g.) was added to chromic acid (0-25 g.) in glacial acetic acid (25,ml.). After 24 hours at room 
temperature the addition of water precipitated stearoxylic acid, which crystallised from 80% 
alcohol in pale yellow laminez (0-23 g.), m. p. 85-5° (Found: equiv., 310. Calc. for C,,H,,0, : 
equiv., 312). The isomeride behaved similarly on oxidation. 

Oxidation to Nonoic and Azelaic Acids—A mixture of the hydroxyketostearic acids (2 g.), 
2N-sulphuric acid (50 ml.), and potassium permanganate (2 g.) was refluxed for 10.minutes, 
and the volatile acid was distilled in steam. Light petroleum extracted from the oily distillate 
nonoic acid (0-55 g.), which readily solidified to a crystalline mass on cooling in ice (Found : 
equiv., by analysis of the silver salt, 158. Calc. for C,H,,0,: equiv., 158). The zinc salt 
crystallised from alcohol in plates, m. p. and mixed m. p. 133°. The liquid remaining after the 
steam-distillation was warmed with concentrated hydrochloric acid (20 ml.) to dissolve oxides of 
manganese, filtered, cooled, and thoroughly extracted with ether. After washing and drying, 
the ethereal solution was evaporated to small bulk. On addition of several vols. of light petrol- 
eum, azelaic acid (0-75 g.) separated; it crystallised from water in colourless plates, m. p. and 
mixed m. p. 107° (Found : equiv., 94-5). The individual isomerides gave identical results. 

Reduction to Dihydroxystearic Acid.—Zinc—copper couple (10 g.) was added to 9-hydroxy-10- 
ketostearic acid (0-4 g.) in alcohol (10 ml.) acidified with acetic acid (4 ml.), and the whole kept 
at 60—70° during 48 hours. Small quantities of 50% acetic acid and a few drops of copper 
sulphate solution were added from time to time during a further 24 hours. After addition of 
concentrated hydrochloric acid (5 ml.), the solution was heated to the b. p., filtered, and diluted 
with water. The acid obtained was crystallised from acetone containing a little dilute hydro- 
chloric acid, washed with cold chloroform (5 ml.), and recrystallised from alcohol, from which 
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dihydroxystearic acid (0-05 g.) separated in rhombic plates, m. p. and mixed m. p. 131°. The 
greater part of the hydroxyketo-acid remained unreduced and was recovered from the chloroform 
washings. 

Similar attempts to reduce 10-hydroxy-9-ketostearic acid yielded only traces of dihydroxy- 
stearic acid, m. p. 132°, and in neither case was any dihydroxy-acid, m. p. 95°, isolated. 

Isomerisation in Alkaline Solution.—9-Hydroxy-10-ketostearic acid was dissolved in a con- 
siderable excess of N /10-sodium hydroxide and portions of the solution were removed at intervals 
for examination. The products obtained on acidification were crystallised once from 60% 
alcohol. Equilibrium was reached in 24 hours, the product then melting at 63—64°. This was 
shown to consist of a mixture of the two isomeric hydroxyketo-acids by conversion into the 
semicarbazones, and separation in the manner already described. When the experiment was 
repeated at 100°, equilibrium was established within 5 minutes. Similar results were obtained 
with 10-hydroxy-9-ketostearic acid, but at room temperature about 36 hours were required to 
complete the interconversion. 

Autoxidation.—For the following experiments a mixture of the hydroxyketo-acids melting 
at 65° was used. 

(a) The acid (0-3163 g.) was refluxed with N/10-sodium hydroxide (25 ml.) for 30 minutes. 
14-7 Ml. of N/10-sulphuric acid (calc., 14-9 ml.) were then required to neutralise the excess of 
alkali, and the acid was recovered nearly quantitatively. 

(b) The acid (0-5 g.) was refluxed with 10% sodium hydroxide solution (15 ml.) for 5 hours. 
No colour developed during the process, and on acidification most (0-4 g.) of the acid 
was recovered unchanged. 

(c) The acid (1 g.) was heated with 40% potassium hydroxide solution (12 ml.) for 6 hours at 
100° in a large flask sealed with a bung carrying a mercury manometer. An orange colour 
developed, 48 ml. of oxygen (N.T.P.) being absorbed (calc. for oxidation to stearoxylic acid, 
35-7 ml.; for complete oxidation to nonoic and azelaic acids, 71-3 ml.). Acidification produced 
a reddish-brown oil, from which about 0-1 g. each of nonoic and azelaic acids was isolated. The 
semi-solid residue was not fully identified, 

(d) The acid (0-4 g.) was refluxed with N/4-alcoholic potassium hydroxide (20 ml.) for 3 
hours while a slow current of air free from carbon dioxide was passed through the apparatus. 
After removal of the alcohol on the water-bath, the liquid was acidified with 2N-sulphuric acid 
and steam-distilled. Zinc sulphate, added to the neutralised distillate, precipitated zinc nono- 
ate (0-1 g.), which crystallised from alcohol in plates, m. p. and mixed m. p. 133°. The liquid 
containing non-volatile acids was filtered while hot from a little insoluble matter, cooled, and 
extracted several times with ether. Removal of the solvent left slightly impure azelaic acid 
(0-13 g.), which, after recrystallising twice from water, melted at 106—107° (Found: equiv., 
95-0). No oxalic acid was found in the remaining aqueous portion. 

Attempted Oxidation of Dihydroxystearic to Hydroxyketostearic Acids.—(a) Dihydroxystearic 
acid (3-16 g.), m. p. 132°, was dissolved in the theoretical amount of N /20-potassium hydroxide 
(200 ml.) and diluted to 31. Potassium permanganate (3 g.) in water (300 ml.) was added, and 
the whole maintained at 25° during 1 hour. After decoloration with sodium hydrogen sulphite 
(25 g.) and 5N-hydrochloric acid (60 ml.), 3-04 g. of dihydroxystearic acid were recovered 
unchanged, traces only of ketol being found. 

(b) Dihydroxystearic acid (3-16 g.), m. p. 95°, was treated in a similar manner. 3-06 G. 
were recovered unchanged. 


The author gratefully acknowledges the helpful criticism and suggestions of Dr. G. W. Ellis, 
O.B.E. 
St. Mary’s HospitaL MEDICAL SCHOOL, LoNDON, W. 2. [Recetved, October 8th, 1936.] 





399. Acid Catalysis in Non-aqueous Solvents. Part IV. 
The Depolymerisation of Paraldehyde. 
By R. P. BELL, O. M. LIDWELL, and M. W. VAUGHAN-JACKSON. 


Bot acetaldehyde and paraldehyde can be kept indefinitely at the ordinary temperature, 
but at high temperatures or in the presence of a catalyst an equilibrium mixture of the two 
substances is formed. In the pure liquid at the ordinary temperature the equilibrium mix- 
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ture contains about 80%, paraldehyde, while in the gas above 200° paraldehyde changes 
almost completely to acetaldehyde. The latter change has been studied kinetically 
(Coffin, Canadian J]. Res., 1932, 7, 75) and shown to be homogeneous and unimolecular. 
At the ordinary temperature the attainment of equilibrium is reported to be catalysed 
by hydrochloric, sulphuric, nitric, phosphoric, and trichloroacetic acids and by carbonyl 
chloride and sulphur dioxide (see especially Turbaba, ‘‘ Aus dem Gebiet der Katalyse,” 
Tomsk, Verlag d. Techn. Hochschule, 1901), which suggests that there is general acid 
catalysis. However, the only kinetic measurements on the catalysed reaction are those of 
Hatcher and Brodie (Canadian J. Res., 1931, 4, 574) and Hatcher and Kay (ibid., 1932, 
7, 337), who studied the polymerisation of acetaldehyde in benzene solution in presence 
of syrupy phosphoric acid. The present paper describes a preliminary investigation of the 
depolymerisation of paraldehyde, which goes almost to completion in dilute solution and 
should be kinetically simpler than the reverse change. In aqueous solution the position 
is complicated by the irreversible polymerisation of acetaldehyde to give aldol, croton- 
aldehyde and other products. The present work was therefore carried out with solutions 
of acids in a number of non-dissociating organic solvents. This type of solvent has the 
additional advantage that there are no complications due to the formation of fresh 
catalytic species by protolytic reaction between the acid and the solvent (cf. Bell, Proc. 
Roy. Soc., A, 1934, 148, 377). 


EXPERIMENTAL. 


Measurement of Reaction Velocity.—Two different methods were used for following the re- 
action, the first dilatometric and the second analytical. The first method is only practicable 
for temperatures which can be controlled to within 0-01°. 

Dilatometric method. The conversion of paraldehyde into acetaldehyde is accompanied 
by a volume increase of about 20%, so that in 20 c.c. of 1% solution the volume change is 40 
cu. mm., which is ample for accurate measurement. More dilute solutions would still give a 
sufficient volume change, but owing to the high coefficient of expansion of the solvents used, 
the effect of very small temperature fluctuations would become appreciable. It is not possible 
to use taps with these solvents, and the dilatometers were therefore sealed : this made it diffi- 
cult to measure any but slow reactions. Rough comparison of the observed and the calculated 
volume changes showed that in 1% solution the end-point corresponds to about 80% acetalde- 
hyde. In each experiment 20—30 readings were taken over the first 50—70% of the reaction, 
and unimolecular constants calculated by the method of plotting devised by Guggenheim 
(Phil. Mag., 1926, 7, 538). These plots gave good straight lines, showing that the reverse 
reaction can be neglected over the range measured. The unimolecular nature of the reaction 
is illustrated by Table I, which gives the data for a typical experiment. 


TABLE I. 


0-0824N-Trichloroacetic acid in nitrobenzene at 20°. k = 0-0117. Interval between first and 
second sets of readings = 90 mins. Calculated values from the equation 


logyo(%2 — 7;) = 0-895 — 0-01172. 


10g 9(%2 — 71)- Diff. ‘ 10g 19(%2 — 71)- Diff. ; 10g 10(%2 — 71)- Diff. 
(mins.). Obs. Calc. x 10%. (mins.). Obs. Cale. x 10%. (mins.). Obs. Calc. 


20 0-661 0-661 


+0 37-5 0-455 0456 —1 55 0-250 0-251 
22-5 0-633 0-632 + 
ws 


40 0-427 0-427 57-5 0-223 0-222 
42-5 0-400 0-398 60 0-193 0-193 


1 
25 0-602 0-603 1 
2 45 0-367 0-368 62-5 0-167 0-164 
0 
2 


27-5 0-571 0-573 
30 0-544 0-544 47-5 0-337 0-339 65 0-137 0-135 
32:5 0513 0-515 50 = 0310 -0-310 70 0-076 0-076 
35 0-489 0485 +4 525 0-281 0281 +0 

In some of the slower reactions a small correction was applied for loss of liquid by evaporation 
from the capillary. Experiments ‘vith pure solvents showed that there was no measurable 
“ spontaneous ”’ change at the temperatures employed (20° and 30°). 

Analytical method. The amount of acetaldehyde formed was determined by the bisulphite 
method of Friedmann, Cotonio, and Schaffer (J. Biol. Chem., 1927, 78, 342), which was shown by 
preliminary tests to give accurate results in the presence of paraldehyde and the solvents used. 
Most of the experiments carried out by this method were with anisole solutions of carboxylic 
acids between 50° and 150° and a paraldehyde concentration of 0-2%. Under these conditions 
5Y 
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it is difficult to extract samples of solution without losing acetaldehyde by evaporation, and the 
reactions were therefore carried out in sealed bulbs which could be broken under bisulphite 
solution. In each experiment 10—15 bulbs were charged with identical amounts of reaction 
mixture by using the pipette shown in the figure, which will deliver 1—2 g. with an accuracy 
of 0-2%. The bulbs were then transferred to a thermostat at 60°, or to vapour-baths contain- 
ing water (100-5°) or tetrachloroethane (146-2°). The liquids in the vapour-baths boiled under 
a small excess pressure which was regulated by hand to counteract variations in atmospheric 
pressure. The temperature variations did not exceed 0-05°. At intervals a bulb was removed 
and broken under 30 c.c. of M/5-potassium bisulphite solution. After standing for 15 minutes 
to ensure complete reaction of the acetaldehyde, most of the excess bisulphite was removed 
by adding N/5-iodine solution, and the removal completed exactly with 0-037N-iodine 
(starch indicator). About 1 g. of sodium bicarbonate was then added, and the 
bisulphite liberated from the acetaldehyde bisulphite compound was titrated with 
0-037N-iodine solution (microburette). Experiments without added catalyst showed 
that solutions of paraldehyde in anisole were completely stable at the temperatures 
employed. 

The same technique could not be employed with hydrogen chloride solutions on 
account of the loss of hydrogen chloride during the filling of the bulbs. On the other 
hand, at the lower temperatures used with this catalyst (0° and 25°) no appreciable 
error is introduced by loss of acetaldehyde. These experiments were therefore carried 
out in the reaction vessels described by Bell and Levinge (Proc. Roy. Soc., A, 1935, 
151, 211), and samples pipetted out from time to time. To avoid a large air space, 
the vessel was almost completely filled with solution, and only a small fraction of the 
total volume was removed for estimation. The concentration of hydrogen chloride 
was determined at the beginning and the end of each experiment and the mean of the 
two values (which differed by a few units %) taken. Owing to the various sources 
of error the results for hydrogen chloride are less accurate than those for the carboxylic acids. 

In some experiments the end-point was determined experimentally. In 14 experiments with 
various concentrations of the three carboxylic acids at 50°, 100°, and 146°, the percentage of 
acetaldehyde found at the end-point varied only between 93% and 98%. The initial paralde- 
hyde concentration was approximately 0-2% throughout. 

It is clear that the reverse reaction will be negligible except very near the end. This is con- 
firmed by the unimolecular course of each experiment. The velocity constants were calculated 
from the slope of the plot of log,, (a — x) against ¢, where ~ is the titre per g. of solution at time 
t, and a the titre corresponding to complete conversion into acetaldehyde (calculated from the 
initial paraldehyde concentration). Straight lines were obtained throughout, and experi- 
ments with different paraldehyde concentrations (see Table IVa) give further evidence that the 
reaction is of the first order with respect to paraldehyde. The data for a typical experiment 
are given in Table II, where k = 1/¢. log,, a/(a — ~). ; 





TABLE II. 
0-294N-Monochloroacetic acid in anisole (146-2°). 
t x t x t x 

(mins.). (c.c.). a@—x. 10%. (mins.). (c.c.). a—x. 10%. (mins.). (c.c.). a—x. 10%. 
0 0-00 1-88 -- 70 0-58 1-30 2-29 170 1-14 0-74 2-38 

15 0-14 1-74 (2-20) 90 0-71 1-17 2-29 200 1-29 0-59 2-51 

35 0-27 1-61 (1-92) 110 0-84 1-04 2-56 260 1-42 0-46 2-35 
50 0-43 1-45 2-26 140 1-01 087 2-38 6000 1-76 — = 


Mean & = 2-38 x 10°%. From graph, k = 2-41 x 10°. 


Difficulties were encountered in attempting to use very dilute solutions of trichloroacetic 
acid (<0-01N). Unimolecular plots were not obtained, and in attempting to measure the 
end-point the titre was found to pass through a maximum and then to decrease slowly. A 
similar decrease in titre was found on heating solutions of acetaldehyde in anisole with trichloro- 
acetic acid. The nature of the reaction responsible for the disappearance of acetaldehyde was 
not discovered, but it appears to be roughly of the first order with respect to trichloroacetic acid. 
Since the rate of depolymerisation of paraldehyde varies approximately as the second power 
of the acid concentration (see below), the unknown reaction is negligible at higher acid 
concentrations. 

Materials.—Paraldehyde was dried over sodium and redistilled. For some experiments 
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oxygen was removed by distillation over molten sodium in a current of nitrogen: this treat- 
ment had no effect on the results. 

Solvents were pure products dried over sodium or phosphoric oxide and fractionally distilled. 

Trichloroacetic acid was a pure commercial product. Dichloroacetic acid was distilled in 
an all-glass apparatus; b. p. 190—191°. Monochloroacetic acid was twice recrystallised from 
benzene. Hydrogen chloride was prepared from pure sodium chloride and sulphuric acid and 
dried with phosphoric oxide. 

Resulis.—In the following tables c = acid concentration, moles per 1000 g. of solution; 
k = unimolecular velocity constant, log), minutes. 

Results of dilatometric measurements. The results are given in Table III. The paraldehyde 
concentration was approximately 1% throughout. 


TABLE III. 
(a) Trichloroacetic acid in benzene. 

At 20°. 
O dasonbscnasces 0-737 0-589 0-422 0-369 0-245 0-180 0-147 0-126 
BX BO cosene 202 146 78-3 50-6 30-8 15-6 11-5 8-80 
GS cbscvcccsocsess 0-0984 0-0733 0-0524 0-0348 0-0209 
i EE wesses 6-30 3-08 2-48 2-14 0-76 

At 30°. 
Ob saatuiswndseeded 0-737 0-516 0-369 0-0958 0-0752 0-0240 
RX BO sccses 464 234 121 11-8 8-05 1-20 
(b) Dichloroacetic acid in benzene. 

At 20°. 
© sanavecceverser 1-03 0-827 0-689 0-482 0-344 0-207 
BR BFP vncess 7-71 5:20 4-07 2-19 1-16 0-595 

At 30°. 
© ccccccccceesere 0-980 0-790 0-786 0-553 0-395 0-262 0-197 0-131 
BX Be sseoes 25-4 16-7 17-2 9-54 5-75 2-49 1-40 1-04 

(c) Trichloroacetic acid in nitrobenzene at 20°. 

© cctstiswvesaess 0-128 0-0965 0-0824 0-0450 0-0321 0-0193 0-0128 
BIO ccccss 328 158 117 25-7 12-4 3°95 1-73 


(d) Trichloroacetic acid in anisole at 20°. 


© sacdddnnceecsse 0-569 0-285 0-203 
BX WF cases 6-4 0-98 0-35 


Many attempts were made to measure the catalytic effect of hydrogen chloride in benzene 
at 20° by the dilatometric method. It was impossible to avoid loss of hydrogen chloride while 
filling the dilatometers, but there was no loss during the course of the reaction, and unimolecular 
plots were obtained. The actual hydrogen chloride concentration was determined by opening 
the dilatometer under water at the end of the reaction and titrating the chloride present (micro- 
electrometric titration with N/50-silver nitrate solution). 0-01—0-001N-Solutions of hydrogen 
chloride were found to give measurable reaction rates, but the velocity constants were unrepro- 
ducible by a factor of about 3. It is believed that this is due to the inhibiting effect of traces 
of water, which is likely to be present at concentrations comparable with that of the acid. This 
is confirmed by the observation that there is no measurable reaction with a moist hydrogen chlor- 
ide solution prepared by shaking benzene with concentrated hydrochloric acid. Water also 
has an inhibiting effect with trichloroacetic acid as catalyst, as is shown by the following data. 


Trichloroacetic acid in benzene ai 20°. 


©  asinckesdcontapsncdviacesaelsvecvars 0-737 0-737 0-492 0-492 
CHa serreecccncsccecceeseeseseesecees 0 0-250 0 0-250 
Bs iN NRE Sas i aidseiide dieuscs 202 103 97-5 30-6 
°C, FE Gl p-venqeene expenses _— 97 -- 28 


The values of & in the last line are calculated from Table III(a), and represent the velocity 
when the concentration of trichloroacetic acid is ¢—cy,. Each molecule of water thus 
appears to render inactive one molecule of trichloroacetic acid: this may be compared with 
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the evidence from other sources that trichloroacetic acid forms a stable monohydrate in benzene 
solution (Bell, Z. physikal. Chem., 1930, 150, A, 20; Bell and Arnold, J., 1935, 1432). 

Attempts were also made to measure the reaction velocity in amy] acetate solution. With 
solutions of trichloroacetic acid 0-002—0-2N there was no detectable volume change over a period 
of 24 hours, whereas with solutions of hydrogen chloride there was a slight decrease in volume, 
but no evidence of acetaldehyde formation. 

Results of analytical measurements. These are given in Table IV. Unless otherwise stated, 
the paraldehyde concentration was approximately 0-2% throughout. 


TABLE IV. 


(a) Trichloroacetic acid in anisole. 


At 146-2°. 
0-0560 06-0420 *0-0320 00-0280 0-0210 f0-0120 
43-8 29-0 20:5 18-1 10-6 4-34 
* Paraldehyde concentration 0-4°%. }Paraldehyde concentration 0-1°. 


At 100-5°. 
0-102  0-0750 . 0-0420 0-0350 0-0260 0-:0210 0-0130  0-0100 
78-8 je! 12-8 8-40 6-00 4-30 1-92 1-00 
At 50-0°. 
0-154 0-112 0-0950 0-0690 0-0570 
41-7 20-4 14-5 7-50 5-00 


(b) Dichloroacetic acid in anisole. 

At 146-2°. 

0-124 0-0990 0-0720 )-0590 

13-7 7-0 3°9 2-5 
At 100-5°. 

0-140 0-098 

8-0 3-7 
At 50-0°. 

0-108 

8-8 


(c) Monochloroacetic acid in anisole. 
At 146-2°. 
0-688 “D7: “ed 0-294 0-190 0-106 
. 179 2 55: 24-1 10-2 2-90 
At 100-5°. 
0-565 0-315 
4-71 1-40 


(d) Hydrogen chloride in anisole. 
At 25°. 
. 0-057 0-037 0-0 
. 166 58- 13- 7-00 3°8 
At 0°. 
0-298 0-050 
. 113 24- 9-08 


9 


2 
5 


DIscussIoNn. 


Order of the Reaction.—It was shown above that the reaction is of the first order with 
respect to paraldehyde. The data in Tables III and IV show that the variation of velocity 
with acid concentration cannot be exactly expressed by any integral order. The results 
are most conveniently summarised by means of the “‘ apparent order”’ #, defined as 
d logy 9k/d logy) c. (Plots of logy) % against logy) c were in all cases linear.) The values 
of p are given in Table V. 
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TABLE V. 
Apparent order with respect to acid. 


Anisole. Benzene. Nitro- 
A A benzene 


lm 


146-2°. 100-5°. 50°. 25°. 20° 0° 20° 30° 20°. 
Trichloroacetic acid 1-9 . 1-5 1-6 2:3 
Dichloroacetic acid ° 2-3 f = 1-6 1-6 — 
Monochloroacetic acid 2 2-3 _— 
Hydrogen chloride —- 2: 1-9 
Although a second-order reaction appears to be most prominent, the apparent order varies 
from 1-5 to 2-5 in different cases. In general there is a tendency for it to decrease on. 
increasing the temperature or on passing from a weaker to a stronger acid. It may be 
mentioned that catalytic depolymerisation of paraldehyde vapour by gaseous hydrogen 
chloride or hydrogen bromide at 100—150° takes place as a wall reaction of the first order 
with respect to both reactants (work in this laboratory by R. le G. Burnett, to be published 
shortly). 

This behaviour indicates a composite mechanism for the reaction, and is probably con- 
nected with the presence of three oxygen atoms in the paraldehyde ring, constituting three 
possible points of attack for the catalyst molecules. Thus we may suppose that there is 
a small probability of decomposition when one oxygen atom is attacked by an acid molecule, 
a greater probability when two are so attacked, and a still greater probability when three 
acid molecules attack all three oxygen atoms. Provided that the concentrations of any 
complexes formed are small, this picture will always lead to an equation of the form 


Roe bet het be. ww tw ew tt cw 


independently of any particular assumptions as to the nature of the rate-determining 
steps. Further, the temperature coefficients of &,, k,, and k, will be different, decreasing 
in the order given. The experimental data are not sufficiently accurate or extensive for 
a critical test of equation (1): in fact, it is not possible to calculate reliable values for the 
three empirical constants involved. The observed variation of k with concentration can 
actually in all cases be represented within the experimental error by two-constant equa- 
tions. Thus all the results for anisole solutions conform to equations of the type 


k = Ac*(1 + Be) ae ae ae a 


where A and B depend on the acid and the temperature. Equation (2) would formally 
represent a bimolecular reaction (with respect to acid) having a linear medium effect. 
We do not, however, believe that this is a true description of the kinetics of the reaction, 
since the coefficient B varies rapidly (and even changes sign) with change of temperature, 
while the variations of A with temperature deviate considerably from the Arrhenius 
equation. It is therefore probable that equation (2) is only empirical, and that the com- 
posite mechanism expressed by equation (1) is necessary for a complete description of the 
reaction. 

The Relation between Catalytic Power and Acid Strength.—The results show that for a given 
solvent at a given temperature the order of catalytic power is always qualitatively the 
same as the order of acid strength. Asa rough quantitative measure of the catalytic power 
of the acids studied in anisole solution we can use the values of the constant A in equation 
(2). These constants are not identical with the true bimolecular constants #, in equation 
(1), but since the second-order reaction is the most prominent throughout, they will serve 
for comparing different acids. The values are given in Table VI together with the dissoci- 
ation constants of the acids in water at the ordinary temperature (Kg). In the case of 
trichloroacetic acid no reliable value for Kz can be obtained by direct measurement, 
and the value given is obtained by multiplying the value for ethyl-alcoholic solution by 
6-4 x 10° (cf. Bell, Proc. Roy. Soc., A, 1934, 148, 389). 

There is an approximate correlation between the values of A at each temperature and 
the value of Ky. Ifa relation of the type 
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TABLE VI. 


Catalytic power of acids in antsole. 
A. 
Acid. Ky. " 146-2°. —-100-5°. 50°. 
Trichloroacetic 0-80 29-0 1-4 0-015 


Dichloroacetic 0-050 0-675 0-034 0-00053 
Monochloroacetic 0-0016 0°0275 0-0011 - 


is obeyed, the most probable value for the exponent x is 1-1—1-2. A similar consideration 
of the second-order part of the reaction for trichloroacetic and dichloroacetic acids in 
benzene leads to a probable value of 1-3—1-4 for x. 

Equation (3) is well established as a general relation between acid strength and cata- 
lytic power, though hitherto values less than unity have always been observed and pre- 
dicted for the exponent. It may therefore be pointed out that an exponent greater than 
unity is possible if the reaction involves more than one acid molecule. Thus in the present 
case if we consider only the mechanism involving two acid molecules, the reaction may be 
represented by the following scheme (P = paraldehyde, HA = acid) : 





Ry 
P+ HA = PH?*A- 


Ry 
PH*-A- + HA —"> PH,*+-A,-- —> 3CH,CHO + 2HA 


where k, > k, and ks <h, and k,. The first stage will then be an equilibrium with the 
equilibrium constant K = k,/k,, and the velocity of the net reaction is given by 


v = ke[PH* . A-][HA] = &,K[P][HA}? 


The equilibrium constant K refers to a protolytic reaction, and will hence be approximately 
directly proportional to Kg, the dissociation constant of the acid in water (cf. Bell, Ann. 
Reports, 1934, 31,79). The rate-determining velocity constant k, refers to the same type of 
reaction, and will be related to Kg by an equation of the type k,; = G’K,’, where G’ is a 
constant and y < 1 (cf. Bell, Proc. Roy. Soc., A, 1936, 154,414). This gives finally for the 
second-order constant 

A = v/[P][HA]}*? = GK,}*” 


i.¢., an equation of the Brénsted type with an exponent greater than unity. 
The Effect of the Solvent upon Catalytic Power.—The magnitude of this effect is illustrated 
by the velocity constants for trichloroacetic acid at 20° given in Table VII. 


TABLE VII. 
The effect of the solvent on catalytic power. 


Nitrobenzene Benzene Anisole Amy] acetate 

0-126 0-134 0-2 

11-5 0-35 <0-01 
This wide range of values contrasts with the small variations found for trichloroacetic 
acid in eight different solvents in the rearrangement of N-bromoacetanilide (Bell, Proc. 
Roy. Soc., A, 1934, 148, 377). In the latter case, however, all the solvents were of the 
hydrocarbon type, while here the chemical type of the solvent has been varied. The low 
velocity in anisole and amy] acetate is no doubt due to combination of the acid with the 
basic oxygen atoms of these solvents. Weissberger and Hoégen (Z. physikal. Chem., 1931, 
156, 321) and Weissberger and Fasold (ibid., 1931, 157, 65) have shown that the reactivity 
of hexane solutions of trichloroacetic acid towards indicators and diazoacetic ester is lowered 
greatly by adding compounds containing ether or carbonyl groups, while Hantzsch has pro- 
duced much evidence that solvents containing oxygen atoms reduce the reactivity of acids 
in general. The inhibiting effect of water in the present reaction is a parallel phenomenon. 
The same type of solvation is responsible for thé fact that carboxylic acids exist as double 
molecules in hydrocarbon solvents, but as. single molecules in ethers, esters and ketones. 
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On the other hand, although the oxygen atoms in the nitro-group show little tendency to 
combine with acids, carboxylic acids exist partly as single molecules in this solvent (Brown 
and Bury, J. Physical Chem., 1926, 30, 694). The high reaction velocity (compared with 
benzene) observed in nitrobenzene may thus be due to the presence of unsolvated single 
acid molecules. 

Reaction Mechanism.—In view of the fact that the reaction is catalysed by acids in 
general, the first step is no doubt the transfer of a proton to one or more of the oxygen 
atoms in the paraldehyde molecule. Since decomposition can take place at a higher 
temperature in the absence of catalysts, the effect of this transfer may be merely to weaken 
the carbon-oxygen bonds and thus to allow the same mechanism to operate at a lower 
temperature. On the other hand, it is possible to formulate a prototropic mechanism 
involving the production of the enolic form of acetaldehyde: thus the reaction involving 
two acid molecules would take place as follows : 


es da 
OH*-A- 


“Ac * HO 4 
CH,°CH 


CH-CH, por = CH-CH, 
\S 


Y 
O 
This resembles the mechanism usually assumed for an acid-catalysed prototropic change, 
except that the removal of the proton does not depend on the presence of a new basic 
species, ¢.g., a solvent molecule. This modification of Lowry’s scheme is necessary for any 
prototropic change exhibiting acid or basic catalysis in a solvent possessing neither acidic 


nor basic properties. 













nee —> 3CH,-CHO + 2HA 









SUMMARY. 


(1) Two methods are described for following the kinetics of the depolymerisation of 
paraldehyde, one dilatometric and the other analytical. 

(2) Data are given for the catalysed depolymerisacion in benzene, nitrobenzene, anisole, 
and amyl acetate solutions at temperatures between 0° and 150°, the catalysts used being 
hydrogen chloride, and tri-, di-, and mono-chloroacetic acids, 

(3) The reaction is unimolecular with respect to paraldehyde, while the apparent order 
with respect to acid varies between 1-5 and 2-5. The data are best accounted for by assum- 
ing a composite mechanism involving all three oxygen atoms in the paraldehyde molecule, 

(4) Approximate constants for the second-order part of the reaction can be used to 
compare the catalytic power of the acids used. These constants are in the same order 
as the acid strengths, and vary somewhat more rapidly than the dissociation constants in 
water. 

(5) The effect of the solvent on the reaction velocity is very great. This is due partly 
to chemical interaction between acid and solvent, and partly to varying association of the 
carboxylic acids. 

(6) A possible prototropic reaction mechanism is suggested. 


PuysicaL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. (Received, September 17th, 1936.] 


























400. Polymolecular Adsorbed Films. Part II. The General Theory 
of the Condensation of Vapours on Finely Divided Solids. 


By R. STEVENSON BRADLEY. 


THE successful interpretation in terms of polarisation of the §-shaped adsorption curves 
for argon on salt crystals at low temperatures (cf. Part I, this vol., p. 1467) suggests that a 
similar treatment might be applicable to more complicated systems where the adsorbed 
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molecules possess a permanent dipole. The theory below shows that when dipoles are 
present results similar to those in Part I are indeed obtained, and that for vapours adsorbed 
on porous solids the well-known type of curve which is usually explained by capillary 
condensation may be better interpreted by a thick polarised film, at least over considerable 
ranges of p/p, (= pressure/pressure of saturated vapour). 

There seems to be a good deal of confusion as to the nature of the adsorbed film of vapours 
on solids. The treatment in terms of capillary condensation is unsatisfactory, since the 
size of the pores, calculated from Thomson’s equation log p,/p = 2cd/Dp,r (¢ = surface 
tension, d = density of saturated vapour, D = density of liquid, and 7 = radius of 
capillaries), is far too small over most of the pressure range, although capillary condensation 
undoubtedly occurs at pressures near to saturation. Thus when the relative pressure 
p/p, = 0-5, capillaries greater than 15 A. in radius will not hold water in charcoal, and 
when p/p, = 0-1, the largest radius is 4-6 A. (cf. McBain, ‘‘ The Sorption of Gases and 
Vapours by Solids’’). Thus the capillaries are often of molecular radius, and it is clear 
that the treatment in terms of meniscus curvature and surface tension then breaks down, 
and in some cases the molecule could scarcely enter the capillary ! 

Capillary condensation cannot explain the building up of a thick film on a granular 
solid, for the curvature of the particles is of the wrong sign for condensation, and places 
where a film can be built up occur only at the points of contact of the particles. In fact, 
the capilliary condensation theory stresses the pores in an adsorbent at the expense of the 
granular surface, and encourages a fallacious comparison of the pores with capillary tubes. 
The capillary condensation theory cannot be used to calculate the equation to the curve, 
since the distribution of capillaries is quite unknown, and gives erroneous results, as 
Coolidge showed (J. Amer. Chem. Soc., 1926, 48, 1795), when relative pressures for the 
same volume adsorbed are calculated for a number of adsorbates. The attempt to interpret 
results by means of a negative pressure on a liquid owing to the meniscus surface (McGavack 
and Patrick, ibid., 1920, 42, 946) seems of doubtful value (Coolidge, Joc. cit.), especially as 
the expansion occurring on adsorption receives no explanation (cf. Bangham, Fakhoury, 
and Mohamed, Proc. Roy. Soc., 1934, A, 147,152). It is true that the adsorption of vapours 
on solids seems to depend at saturation more on internal volume than on internal surface, 
since the volumes of different vapours, calculated as liquid, required to saturate an 
adsorbent are nearly the same. In the filling up of the adsorption space, however, it is 
probable that only in the last stages is one concerned with capillary condensation. The 
volumes of liquid adsorbed are not equivalent at values of /p, less than unity. 

The concept of the thick compressed film has been introduced by Polanyi (Z. Elektro- 
chem., 1920, 26, 370; 1922, 28, 110) and by Berényi (Z. physikal. Chem., 1920, 94, 628; 
1923, 105, 55). Polanyi has more recently modified his theory to include Langmuir’s con- 
ception of a unimolecular film (Goldmann and Polanyi, Z. physikal. Chem., 1928, 132, 355), 
and explains the low-pressure region by islands of adsorbate on the surface. A critical 
discussion is given by McBain (op. cit.). 

The thick-film theory given below differs from Polanyi’s in that the attractive forces of 
the solid are confined to the first layer of adsorbed molecules. The molecules of this first 
layer are polarised by the surface field, and permanent dipoles are oriented at an angle with 
the surface normal which depends on temperature. The first layer is built up at low 
pressures for vapours, according to the ideas of Langmuir. At higher pressures a thick 
film tends to be built up by the attractive field of the polarised first layer, not by the direct 
action of the solid. The cohesive forces responsible for the formation of liquids play an 
important part in the stability of this film, and in general, such condensation to thick 
liquid films will be possible only for vapours, although the critical temperature of gases 
may be shifted by the influence of the solid, and the adsorbate exist as a liquid film even 
above the critical temperature of the bulk gas. With gases sufficiently removed from the 
critical region unimolecular films will be formed. 

As the film gets thicker, meniscuses appear at the points of contact of the particles, but 
these meniscuses are still quite different from those in the bulk liquid owing to the influence 
of the solid surface, and the bulk of the adsorbed material lies on a convex surface. Thusa 
convex surface near to the solid surface may exist in equilibrium with a concave surface 
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at a greater distance from the solid. The concave meniscuses become larger as the pressure 
approaches saturation, and capillary condensation is responsible for the filling up of the 
interstices between the solid particles, when the film is so thick that the influence of the 
solid surface is small. 

The reason for the pronounced hysteresis shown by many of the adsorption curves 
cannot really be settled without more experimental evidence, especially since the 
phenomenon disappears under some experimental conditions (McGavack and Patrick, Joc. 
cit.). In view of the doubtful nature of the pore theory, Zsigmondy’s explanation, that 
when the pores are filling a delay in wetting may occur, is not very convincing. Hysteresis 
is clearly an effect of secondary importance, perhaps comparable with a delay in boiling. 
The following is a tentative explanation. When the film is being built up the cohesion of 
the particles for one another (Bradley, Trans. Faraday Soc., 1936, 82, 1088) is not overcome 
by the incompletely formed liquid film. At pressures nearer saturation, however, a liquid 
lens is formed between the particles, corresponding with the peptising action of liquids on 
colloids. Hence, on lowering the pressure, more adsorbate will be held than when the 
pressure is being raised, at the same pressure, for once the particles have been forced apart 
they will tend to remain so until the amount of adsorbate is very considerably reduced. 
Air or other permanent gas favours hysteresis by preventing the formation of a liquid lens 
(air lens), and on removal of air a liquid lens may form at a point on the adsorption curve 
if the cohesion of the liquid is sufficient to overcome that of the solid, so that adsorption 
and desorption curves will coincide as observed by McGavack and Patrick (loc. cit.). It is 
clear that the occurrence of hysteresis will be decided by many factors, ¢.g., the presence of 
adsorbed permanent gas, the size and shape of particles, and the surface energies of liquid 
and solid. 

The Theory of the Condensation of Dipolar Vapours.—A simple treatment was given by 
Bradley (Phil. Mag., 1930, 10, 323). Calculations were confined to the dimension at right 
angles to the surface. The example of a thick dipolar film may be studied as in Part I; 
some of the symbols used below have slightly different meanings from those in Part I. 

A dipole » in a field F will have energy uF cos 6, where 6 is the angle between u and F 
(note that, in Part I, » is the dipole induced in the first layer of molecules). Hence the 
average value of the moment induced in the direction of the field af temperature T is 


_  _fenFos ik’? cos 0. 2x sin 6. db 
Bae Sf chs Ok? 2x sin 6. db 
= u(1 — 1/x + 2e-**) for large values of x 

or = pu(x/3 — x3/45) for small values of x 
where x = uF /k’T (see Debye, ‘‘ Polar Molecules,’”’ p. 28) and k’ is the gas constant. 
Taking » = 108 approx., and F = 5 x 10* (see Part I), we find that x = approx. 1, so 
that the function coth x — 1/x is best represented by x/3 for this and smaller values of x, 
as is seen in the following table : 


= u(coth x — 1/x) 





#. 1—1/*. #/3 — #5/45. */3. coth + — 1/x. 
1 0 0-33 0-33 0-31 

2 0-5 0-45 0-67 0-54 

3 0-66 0-40 1-0 0-66 © 


Thus, by comparison with the values of F given in Part I, it is clear that the function 
fortunately does not change its approximate representation over the thick film, where the 


variation in F is considerable. 
As before, it will be supposed that the first layer comes under the influence of the solid 


and is polarised. A propagation of polarisation occurs throughout the thick film, so that 
if F,, is the field at the m*" layer, the total induced dipole in the direction of the surface 
normal is given by j 

Um = “Fy, + u2F,,/(3k'T) = kpFm, where kg = a+ p2/(BR’T) . . (1) 
Similarly, um —-, = %2Fm-,,etc.; «is the polarisability and u the permanent dipole moment. 
It will be taken, as before, that the bulk of the adsorption occurs on similar lattice points, 
which will be valid for most adsorbents. 
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N 
The analysis is very similar to that given in Part I, but is best made in terms of the 
F’s rather than the p’s. If there are only m layers, we have 


Fim = ym-1 
Fu- re Ry(m-2 + Um) 


Fi =F + hye 

where F is the surface field of the solid. Hence 
F,, 
Fans 


2 Ryko(Fm 2 + Fy) 


Fi =F + kykgk 
By using the analogous results in Part I, and putting k,k, = k, it follows that 
Fy = FR[R/(1 — k*))™-? (1 — R*)/(1 — 2k?) and F, = F[R/(1 — k*)]#-1(1 — R*)/(1 — 2h?) 


forg=1tom—J1. The energy of the g layer per g.-mol., forces of cohesion and the 
lateral repulsion of dipoles being neglected for the present, is given by 


NaF? + Nyu®F?/(3k'T) = NF2[a/2 + u?/(3k'T)] 
where N is Avogadro’s number. Hence, as before, 
Em — En- 1 = NF*[{«/2 + p2/(3k’T)](3 — k?)k2™-2/[(1 — 2k?)2(1 — R?)2™-8] + FE’). (2) 


where E’, allows for cohesive forces. 

The allowance for the interaction of dipoles in one sheet must be considered more exactly 
than in Part I, where the effect was very small. When permanent dipoles are present the 
interaction is, of course, governed by the temperature. As a first approximation, however, 
we may consider the values of y, induced by the field normal to the surface, and calculate 
the interaction of these vertical components on the basis of a hexagonal surface packing. 
If a, is the distance apart of the molecules which are arranged on a hexagonal packing, 
then the approximate value of the energy of repulsion of the oriented dipoles in the 
m‘ jayer is 4-8u,,2N/a,3 = 4-83NF2k™-%[a + u2/(3k’T)]?/[a,3(1 — k*)?™-6(1 — 2k*)?]. It 
follows that, with sufficient accuracy 
Em — Em- = NF4a/2 + u2/(3k’T) — 4-8h,?/{a,9(3 — #*)}) x 

(3 — AA =2/((1 — 22%)9(1 — 2-8} 4 EB, . . (8) 
In Part I, owing to the small value of the induced dipole moment, the correction is very 


small and 3 — k? was taken as of the order unity. 
The analysis in Part I gives, as before, 


logioPs/Pa = K,Ky°+ Ky « - se se es se 
where 


K, = NF%{a/2 + u2/(8k’T) — 4-8h,2/{a,°(3 — B*)}] x 
(3 — k2)(1 — h)®/[2-303RTA2(1 — 22/2]. . (65) 


K,=[e(l— yy ek 


and a is the weight adsorbed. 

K, and K, are temperature-dependent ; note that T is now absorbed into the denomin- 
ator of K,. The term K, allows for the fact that we cannot put E’, = Hp, the heat of 
evaporation of the bulk liquid, since in the latter there is an oriented surface film of dipoles, 
and E’, refers only to non-dipolar forces. If Kg were zero, equation (4) would give the 
correct value of a for p = p, (Ks < 1), so that the equation as it stands cannot apply 
for values of the pressure very near the saturation value. This follows in any case, however, 
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for in this region capillary condensation occurs. Moreover, equation (4) does not give the 
initial point = 0, a = 0, but in practice the constants are such that a = 0 at very small 
values of p/2,. 

One method of solving equation (4) from the experimental figures is to find what value 
of the constant K, in the expression log,9[logi9ps/Pa — Ky] gives a linear plot with a; 
K, and K, can then be determined from the slope of the straight line and the intercept on 
the log axis for the value a= 0. Another useful method, which can be improved by a 
subsequent linear plot, consists in taking three values of a such that ag = 3a, a, = 2a. 
If Ks* = x, then 

log p,/Pa = Kyx + Ky, log p,/pa, = Kyx* + Ky, and log p,/pa, = Kyx* + Ky 


giving three equations which can be solved for x, K,, and K,. Clearly 


log (Pa,/Pa,) /log (Pa,/Pa) = (x* — x*)/(x — x*) = x 
Ky = log (pa,/pa)/(* — **) 
log Ks = log x/a 


The following tables show that equation (4) can be applied to many cases of the 
adsorption of vapours up to fairly large values of p/p,. In most cases, except for the region 
near to saturation, the errors are of the order of a few %. The constants are derived from 
the experimental curves in the manner described. The theoretical derivation of the 
constants from equations (5) and (6) must await a more detailed knowledge of the 
particulate derivation surface, surface spacing, and surface field. 

Water on copper oxide at 25° (Bray and Draper, Proc. Nat. Acad. Sct., 1926, 12, 297). 


, = 23-83 mm.; log,, (p,/p) = 4-898 x 0-8902« + 0-0762. 


P (MM) ccccccccrcsccceccccecevecee 0-25 2-6 5-1 10-1 12-9 17-0 18-7 19-7 
@, ME. Per GZ. f ODS. .....cccccccoes 9 14 19 25 27 36 45 56 
of CuO AA Se eee 8-1 14-7 18-2 24-2 27-7 25-5 44:3 56-7 








Ethyl chloride on charcoal at — 15-3° (Goldmann and Polanyi, Z. physikal. Chem., 1928, 
132, 321). 
p, = 243 mm.; log,,(p,/p) = 14°72 x 0-9164s/"+* — 10-89. 


p(mm.)... 0-12 057 14 30 565 12:0 178 263 356 584 105-7 = 131-1 
a (g.), obs. 0-874 1-455 1-922 2-417 2-845 3-458 3-782 4098 4-329 4657 4848 4-907 
a, calc. 0-66 1:57 211 2-57 2-96 3-46 3-72 398 420 451 4:93 5-14 


Ethyl ether on charcoal at 20° (Kubelka, Kolloid-Z., 1931, 55, 129; 1932, 58, 189). 
p, = 438 mm.; log,, (p,/p) = 5°887 x 0-755e/79 — 2-356. 


I. cadets alniare mention 107 30-2 92 164 311 429 
apni ~peneenanean 90 129 171 192 213 223 
@ (c.c. perl. Of C)) cate once ccccseees 97-3 128-5 165-1 186-0 212-7 227-1 


Sulphur dioxide on silica at — 34-4° (McGavack and Patrick, loc. cit.). 
Pp, = 279. mm.; ‘logy, (p,/p) = 3-39 x 0-28284/10¢ +. 0-1132. 


DEE’. ccccsenacmnsdatembbcnalidad 4-22 13-85 29-02 50-07 13°45 116-62 
oeia eT ee 53-31 81-50 108-18 137-17 162-60 192-06 
(c.c. per 8. SiO3)) cate, 54-2 82-8 107-2 132-7 157-4 201-5 


Although numerical agreement alone does not prove the above theory, since the adsorp- 
tion curves may be fitted to many different equations, it should be noticed that equation 
(4) has a theoretical basis which is reasonable in the light of our conception of molecular 
forces. There is no need to give the thickness of the oriented film extravagant values. 
Indeed, the work of Bastow and Bowden (Proc. Roy. Soc., 1931, A, 184, 404) shows that 
the extended rigid structure supposed to exist in liquid films by Hardy from experiments 
on adhesion (Phil. Trans., 1932, A, 280, 1) may be explained by extraneous effects such 
as dust. Later work of Bastow and Bowden (Proc. Roy. Soc., 1935, A, 151, 220) gives no 
evidence from viscous flow in a thin film of a rigid structure of oriented molecules of thickness 
greater than 10° cm., and evidence which has been advanced for such an influence of the 
solid wall on the liquid, extending over 1500—50,000 A., is probably incorrect. However, 
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the work of Bastow and Bowden does not invalidate the existence of an oriented film of 
thickness less than 1000 A., especially when it is remembered that the orientation dies 
away as we approach the outer surface of the film. The following simple calculation shows 
that with small particles a large fraction of the adsorption space can be occupied by films 
of thickness less than 1000 A. Consider as an ideal case m particles of radius 7 in 1 c.c. 
Then 4nr°n/3 = 0-74, so that the free space is 0-26 c.c. The introduction of a film of 
outer radius 7, would fill the free space to the extent that (film shell) /(former free space) = 
4n(r,3 — r°)n/0-26 = (r,3 — r°)0-74/(0-2675) approximately. If 7 = 10° and the thickness 
of the film is 100 A. then approximately 80°, of the adsorption space can be occupied by 
such a film; when r = 5 x 10°, then the film thickness must be 500 A. to give the same 


result. 


SUMMARY. 


The equation log (p,/p) = K,K,* + K,4, where # and 4, are the pressure and saturation 
pressure respectively, a is the weight adsorbed, and K,, Ks, and K, are constants, has been 
deduced for the adsorption of dipolar vapours on finely divided solids. Agreement is 
obtained with published experimental data over a wide range of p/p,, except at high 
pressures, when capillary condensation occurs. The formation of liquid meniscuses is 
discussed. 


THE UNIVERSITY oF LEEDS. [Received, October 20th, 1936.] 





401. The Michael Reaction with Acetylenic Esters. 
By E. H. Farmer, S. C. GHOSAL, and G. A. R..Kon. 


SOME uncertainty still exists regarding the mechanism by which compounds of the type 
of ethyl sodiomalonate are added to «$-unstaurated esters. Two principal questions 
have given rise to discussion: (i) what are the actual components which participate in 
the addition, and (ii) which of these initiates the attack leading to their ultimate addition. 

With regard to the former question, Michael originally suggested that sodio-esters 
gave rise to two fragments, sodium and an organic residue (J. pr. Chem., 1887, 35, 349). 
Later, he found that in such compounds the metal was attached to oxygen, and a similar 
discovery was made by Thorpe regarding the sodio-derivatives of ethyl cyanoacetate 
and ethyl «-cyanopropionate (J., 1900, 77, 923), on the strengt) of which he suggested 
that these esters add in the form of the fragments R (hydrogen or methyl) and 

C(CN):C(OEt)-ONa. 
More recently Michael and Ross (J. Amer. Chem. Soc., 1930, 52, 4598) have provided further 
evidence in support of this view and, indeed, claimed to have proved its correctness. They 
showed that, if ethyl methylmalonate is added to ethyl crotonate in the presence of a 
small amount of sodium ethoxide, the fragments added are H and CMe(CO,Et),; with an 
equivalent of sodium ethoxide, they appear to be Me and C(CO,Et),}Na. 

This view was criticised by Holden and Lapworth (J., 1931, 2368), who suggested 

that the isolation of the compound CO,EttCHMe-CHMe-CH(CO,Et), was due, not to the 
addition of the fragments Me and C(CO,Et),}Na, but to a rearrangement of the addition 
product resulting (in effect) in a migration of a CO,Et group from the «- to the y-carbon 
atom. 
It appeared desirable to obtain further evidence on this problem without, if possible, 
relying on the result of hydrolysis experiments. The present work is an extension of the 
observations made by Gidvani, Kon, and Wright (J., 1932, 1027) and by Gidvani and 
Kon (tb1d., p. 2443) on the addition of ethyl malonate and methylmalonate to ethyl phenyl- 
propiolate. In the addition of these esters to acetylenic esters, the products are un- 
saturated and it is an easy matter to determine by oxidation the fate of the fragments 
which participate in the addition. 

The addition of ethyl sodiomalonate and ethyl sodiomethylmalonate was tried with 
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ethyl phenylpropiolate, ethyl acetylenedicarboxylate, ethyl tetrolate, and ethyl propiolate, 
a non-polar solvent being used in every case. 

The reaction proceeded in the same way with all these esters; the products were 
yellow or brown sodio-derivatives to which the structure (I) is assigned : 


Na Na 
tl ~ ———_—_. 
CO,Et-C:iCR + CR’(CO,Et), = CO,Et-C:CR-CR’(CO,Et), (1) 
(R’ = H or Me) 


These compounds are characterised by the fact that they cannot be alkylated without 
much difficulty even when R’ = H, and require treatment with a mineral acid to liberate 
the free ester; benzoic acid in ether only liberates the ester in the course of several days. 
It had already been observed by Gidvani and Kon (loc. cit.) that the free ester 

CO,Et-CH:CPh-CH(CO,Et), 

forms a sodio-derivative with great readiness when treated with sodium in a non-polar 
solvent, and that the colourless sodio-derivative so formed can be easily alkylated, whereas 
the yellow sodio-derivative produced as the result of the Michael reaction requires the 
addition of alcohol to bring about reaction. This observation has now been extended 
to other similar esters, except that it has been found possible to alkylate the original 
yellow sodio-derivatives in a non-polar solvent, provided sufficiently drastic conditions 
are adopted. 

These observations are consistent with the view that the yellow sodio-derivatives 
originally formed in the Michael reaction are represented by (I), in which the metal is 
firmly held, and this accounts for the difficulty experienced in alkylating them and also 
in liberating the free esters. The latter on treatment with sodium form isomeric sodio- 

Na 


, —«_—-, 
derivatives of the structure CO,Et-CH:CR-C(CO,Et), (II). The metal is here attached 
to the malonic residue and is readily removed or replaced by an alkyl group; a sodio- 
derivative of the type (II) is also formed when the original yellow sodio-derivative is 
boiled with alcohol, the action of that solvent in promoting alkylation thus becoming 
readily explicable. Nevertheless, such a conversion can occur, though very slowly, in 
a non-polar solvent, because the alkyl derivative formed under these conditions is the 
same as that produced in alcoholic solution. 

When ethyl methylmalonate is the addendum employed, the product is a sodio-deriv- 
ative of the type (I) and it has already been shown that with ethyl phenylpropiolate the 
ester obtained after acidification is CO,EteCH:CPh-CMe(CO,Et),. The components of 
the addendum must therefore be Na and CMe(CO,Et)., and this observation has now been 
confirmed in the other cases investigated. Moreover, it has been found possible to alkylate 
the sodio-derivatives under somewhat drastic conditions; the products are the only 
possible ones of the type CO,Et-CR”’-CR-CR’(CO,Et)., and their formation is in excellent 
agreement with the interpretation developed above. 

The formation of «-alkyl derivatives from the metallic compounds of the type (lL), 
when the «-carbon (.e., the malonic residue) is not substituted, in no way invalidates this 
conclusion; it merely means that the velocity of interconversion of (I) and (II) is greater 
than the rate of alkylation of (I). 

From these experiments it can be concluded (i) that in none of the cases now examined 
does ethyl methylmalonate add in the form of Me and C(CO,Et),, and (ii) that ethyl sodio- 
malonate also dissociates in the same way, namely, into Na and CH(CO,Et),. 

The reactions between acetylenic esters and ethyl malonate and methylmalonate 
have also been brought about by the addition of small amounts of sodium ethoxide; the 
products were the free esters of the type CO,Et-CH:CR:CR’(CO,Et),, as expected. 

It is, we think, only reasonable to assume that this mode of reaction is a general one. 
When addition is carried out in the presence of a small amount of sodium ethoxide, the 
free ester is produced owing to the extensive alcoholysis of the small amount of sodio- 
derivative originally formed. The action of piperidine in bringing about condensation 
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is similar, being probably due to the formation of a minute amount of an organic anion, 
which then initiates the attack on the unsaturated molecule (compare Bloom and Ingold, 
J., 1931, 2765). 

There still remains the difficulty presented by Michael and Ross’s observations (loc. 
cit.). It should be noted that ethyl methylmalonate adds to ethyl crotonate to give 
CO,Et-CH,-CHMe-CMe(CO,Et),, that is, adds normally, unless an equivalent of sodium 
ethoxide is present ; the product is then the «8-dimethy] ester 

CO,Et-CHMe-CHMe:-CH(CO,Et),. 
The latter is also formed when the isomeric fy-dimethyl ester is treated with sodium 
ethoxide. It is not unreasonable to assume, with Holden and Lapworth, that the aé- 
dimethyl ester is in all cases produced by the rearrangement of the By-ester primarily 
formed; it would then remain to decide by what mechanism this change takes place. 
For a solution of this problem further evidence is required. 


EXPERIMENTAL. 


Condensation of Ethyl Phenylpropiolate with Ethyl Sodiomalonaie.—16 G. of ethyl malonate 
were added to 2-3 g. of molecular sodium suspended in 150 c.c. of ether and the mixture was 
kept overnight to complete the formation of the sodio-derivative, then cooled in ice, and treated 
dropwise with 17 g. of ethyl phenylpropiolate in 170 c.c. of ether. The whole was kept at room 
temperature for 4 days and the yellow sodio-derivative formed was then collected, washed 
with petroleum, and dried in a vacuum desiccator. The conversion of this yellow sodium 
compound into a colourless one on boiling with alcohol (Gidvani and Kon, Joc. cit.) has been 
confirmed. 

Ethylation. The yellow sodio-derivative prepared as above was heated in a sealed tube 
with a slight excess of ethyl iodide, diluted with benzene, for 7 days in a bath of boiling water. 
The product was evaporated to dryness under reduced pressure, the residue taken up in ether, 
and the solution washed with aqueous sodium carbonate, then water, dried, and evaporated ; 
the residue gave on distillation a 25% yield of a fraction, b. p. 212—213°/10 mm., dj" 1-1063, 
my 1-5050, evidently ethyl a-carbethoxy-B-phenyl-a-ethylglutaconate (Found: C, 66-2; H, 7:1. 
Cy9H,,O0, requires C, 66-3; H, 7-2%). 

Ozonisation. The ester (10 g.), dissolved in ice-cold chloroform, was treated with ozonised 
oxygen until no absorption took place (48 hours). The solvent was removed under reduced 
pressure, the ozonide decomposed by shaking with cold water overnight, and the products 
taken up in ether; the ethereal extract was washed with aqueous sodium bicarbonate. These 
washings and the water used for decomposing the ozonide were found to contain oxalic acid. 
The dried ethereal solution was evaporated, and the residue distilled at 25 mm.; a few drops 
collected at 90—115° could not be identified, but nearly the whole boiled at 180—200°. This 
was hydrolysed with alcoholic potash, the aicohol removed under reduced pressure, and the 
residue taken up in a little water and acidified with dilute hydrochloric acid at 0°. Benzoic 
acid was precipitated and filtered off and further traces of it were removed by distilling the 
mother-liquors in steam. The cooled solution was then extracted with ether in a continuous 
extractor; on evaporation of the dried extract ethylmalonic acid was obtained and identified. 

Condensation of Ethyl Phenylpropiolate with Ethyl Sodiomethylmalonate.—This was carried 
out as described above, except that benzene was used as a solvent and the reaction mixture 
was heated under reflux for 8 hours. After removal of the solvent under reduced pressure 
the residue of sodio-derivative was rubbed with petroleum and collected. 

Ethylation. This was carried out as described above. After two fractionations 5 g. of 
oil, b. p. 211—213°/15 mm., were collected, d?}° 1-0958, np 1-5015, consisting of ethyl «-carbethoxy- 
8-phenyl-a-methyl-y-ethylglutaconate (Found: C, 67-1; H, 7:2. C,,H,gO, requires C, 67-0; 
H, 7:-4%); it was not hydrogenated with Adams’s catalyst in alcoholic solution. The ester was 
hydrolysed by boiling for 3 days with a slight excess of 5% alcoholic potash, the alcoho! distilled 
off, and the residue taken up in water and acidified. The acid was extracted with ether, and the 
extract dried’ and evaporated. The viscous residue solidified in a vacuum desiccator after 3 weeks 
and had.m. p. 75—76° after crystallisation from benzene—petroleum (Found: C, 73-1; H, 6-1. 
C,,H,,O, requires C, 73-0; H, 6-1%); it was evidently B-phenyl-a-methyl-y-ethylglutaconic acid, 
the position of the double bond being uncertain. 

Ozonisation. The ethylated tribasic ester was ozonised as described above; the acidic 
products isolated were a little oxalic acid (due to incomplete ethylation of the parent ester) 
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and propionic acid, which was identified by the p-bromophenacy] ester, m. p. 62°. The neutral 
product, b. p. 190—200°/20 mm., was ethyl benzylmethylmalonate, as it gave benzoic and 
methylmalonic acids on hydrolysis with potash. 

Condensation with ethyl bromoacetate. Ethyl phenylpropiolate was condensed with ethyl 
methylmalonate as above; after refluxing for 8 hours, the mixture was treated with a slight 
excess of ethyl bromoacetate without isolation of the sodio-derivative formed. After a further 
3 days’ boiling, a test portion poured into water was neutral; the solvent was then distilled 
off under reduced pressure, the residue taken up in ether, and the solution washed with sodium 
carbonate, then water, dried, and evaporated. The residual oil, which could not be distilled 
without decomposition, was ozonised, and the products worked up as described on p. 1806. 
Oxalic acid was identified. The neutral products were distilled, two main fractions being ob- 
tained. The first, b. p. 120—136°/15 mm., gave a red colour with ferric chloride and was shown 
to consist mainly of ethyl oxaloacetate by the preparation of the semicarbazone, m. p. 159—160° 
(Michael, J. Amer: Chem. Soc., 1919, 41, 424). The higher fraction, b. p. 180—200°/15 mm., 
was ethyl benzoylmethylmalonate and gave benzoic and methylmalonic acids on hydrolysis. 
The ester ozonised was therefore essentially CO,Et-CH,*C(CO,Et):CPh-CMe(CO,Et),. 

Condensation of Ethyl Phenylpropiolate with Ethyl Methylmalonate in the Presence of Sodium 
Ethoxide.—Attempts to effect condensation in the presence of 1 mol. of sodium ethoxide were 
unsuccessful, the reactants being recovered unchanged. Reaction occurred when the two esters 
(17-4 g. of each) were diluted with a few c.c. of ether and treated with 0-23 g. of sodium-in 2-5 c.c. 
of alcohol, the mixture being warmed under reflux for 24 hours. The product was taken up 
in ether, washed, dried, and recovered; on distillation some 5 g., b. p. 208—210°/10 mm., were 
collected. The unchanged materials contained in the fraction b. p. 80—160°/10 mm. were 
again condensed, with half the amount of sodium previously employed, and yielded a further 
quantity of condensation product. The combined high-boiling material was refractionated, 
5 g., b. p. 210—212°/13 mm., being obtained, evidently consisting of ethyl «-carbethoxy-$- 
phenyl-a«-methylglutaconate (Found: C, 65-4; H, 6-7. Calc.: C, 65-5; H, 6-7%). 

Ethyl Acetylenedicarboxylaie.—The acid was prepared by Perkin and Simonsen’s method 
(J., 1907, 91, 834); after the addition of alcoholic potash to the dibromosuccinic acid it is 
essential to maintain the temperature at 60—65° for an hour. If the temperature is allowed to 
rise above this, the yield is practically nil. The acid was esterified by the method of Ruhemann 
and Beddows (J., 1900, 77, 1121). 

Condensation of Ethyl Acetylenedicarboxylate with Ethyl Sodiomethylmalonate-——This was 
carried out in ethereal solution as described on p. 1806. The yellow sodio-derivative couid not 
be satisfactorily separated by filtration owing to its fine state of division; it was therefore 
washed with light petroleum by decantation and used in situ. 

The sodio-derivative from 1/10 g.-mol. of reactants was shaken with a slight excess of 
benzoic acid in ether for 7 days, but the ester was not liberated. Acidification with dilute 
hydrochloric acid, followed by extraction with ether, gave a product, b. p. 206—210/20 mm., 
from which on refractionation 10 g. of ethyl u-carbethoxy-a-methylaconiiate were obtained ; 
this had b. p. 206—207°/20 mm., dj?" 1-1237, np 1-4560, [Rz]p 83-2 (Found: C, 55-7; H, 6-9. 
C,,H,,O, requires C, 55-8; H, 6-9%). 

Ozonisation. This was carried out as described on p. 1806. The acidic product consisted 
of oxalic acid; the neutral product boiled at 160—175°/12 mm. and consisted of ethyl 
oxalylmethylmalonate, because it gave on treatment with phenylhydrazine in ether two 
derivatives, m. p. 120° and 275°, identical with the synthetic specimens described on p. 1809. 

Ethylation. The yellow sodio-derivative prepared as above from 1/10 g.-mol. of reactants 
was ethylated as described on p. 1806. After two distillations the main fraction (10 g.) had 
b. p. 210—211°/20 mm., dj 1-1377, np 1-4564, [Rz]p 88-9 and consisted of ethyl a-carbethoxy- 
a-methyl-yy-ethylaconitate (Found : C, 57-8; H, 7:3. C,gH,.O, requires C, 58-1; H, 75%). P 

Ozonisation. This was carried out as described on p. 1806. Some oxalic acid was isolated 
from the alkaline washings, showing that ethylation was not complete. The neutral product 
consisted of two fractions; the first, b. p. 65—75°/17 mm., consisted of ethyl a-ketobutyrate 
and formed the semicarbazone, m. p. 144°, identical with a synthetic specimen; the higher 
fraction, b. p. 170—180°/17 mm., was ethyl oxalylmethylmalonate, recognised by the formation 
of the phenylhydrazine derivatives of m. p.’s 120° and 275°. 

Condensation of Ethyl Acetylenedicarboxylate with Ethyl Methylmalonate.—This was carried 
out as described above and about 4 g. of a fraction, b. p. 210°/22 mm., were obtained; the 
unchanged reactants were again condensed, and the combined high fractions redistilled, yielding 
5 g. of condensation product, b. p. 206—207°/20 mm., d?}° 1-1232, mp 1-4560 (Found: C, 55-5; 
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H, 6-8. Calc.: C, 55:8; H, 69%). On ozonisation the same products, namely, oxalic acid 
and ethyl oxalylmethylmalonate, were obtained. 

Condensation of Ethyl Acetylenedicarboxylaie with Ethyl Sodiomalonate.—This was carried 
out in ethereal solution as described on p. 1806. The yellow sodio-derivative, formed in a fine 
state of division, was washed with petroleum by decantation and used in situ. 

The ester was not liberated from the sodio-derivative by shaking with benzoic acid for several 
days, but treatment with dilute hydrochloric acid gave an ester, b. p. 204—205°/15 mm. 

Methylation. The crude sodio-derivative was heated with methyl iodide and a little benzene 
for 5 days as described on p. 1806 ; from 1/10 g.-mol., about 20 g. of crude product were obtained 
and this gave on refractionation 12 g. of ethyl «-carbethoxy-x-methylaconitate, b. p. 206— 
207°/20 mm. (Found: C, 55-5; H, 6-7. Calc.: C, 55-8; H, 6-9%). This was ozonised, yield- 
ing the products described on p. 1807. The same ester was also produced by treating the free 
ester obtained above with molecular sodium suspended in benzene and heating the mixture 
under reflux for 6 hours to complete the reaction; methyl iodide was then added, and the 
mixture heated overnight. The methylated ester had b. p. 201—203°/16 mm., dj?’ 1-124], 
Ny 1-4559; its structure was confirmed by ozonisation. 

Condensation of Ethyl Tetrolate with Ethyl Methvimalonate.—When ethyl tetrolate was con- 
densed with ethyl sodiomethylmalonate in ether, benzene or dioxan solution, a light brown, 
very hygroscopic sodio-derivative was produced. Acidification of this with ice-cold dilute 
hydrochloric acid gave a product which was almost wholly acidic and only a very small amount 
of neutral material, b. p. 80—125°/15 mm., was obtained; the sodium carbonate washings 
gave on acidification a viscous brown oil which could not be purified. The condensation was, 
however, successfully achieved by using a 1/10-molecular proportion of sodium ethoxide; a 
66% yield of ethyl «-carbethoxy-x8-dimethylglutaconate was then obtained, b. p. 170°/15 mm., 
di 1-0766, ny 1-4557, [R;]p 71-9 (Found: C, 58-4; H, 7-6. C,,H,.O, requires C, 58-7; H, 
77%). 

Ozonisation. ‘This was carried out as described on p. 1806. The acidic product isolated was 
oxalicacid. The neutral product gave on distillation a negligible fraction, b. p. 80—110°/17 mm., 
which gave no colour with ferric chloride and could not be identified, together with a main 
fraction, b. p. 110—130°/17 mm., consisting of ethyl acetylmethylmalonate, which was char- 
acterised by its phenylhydrazone, m. p. and mixed m. p. 128° (Michael, J. Amer. Chem. Soc., 
1892, 14, 510); it also gave a semicarbazone, m. p. 137° after crystallisation from alcohol; the 
fact that this requires a day for its formation may account for Michael’s failure to prepare it 
(ibid., 1919, 41, 423) (Found: C, 48-5; H, 7-0. C,,H,0O,;N, requires C, 48-3; H, 6-9%). 

Condensation of Ethyl Tetrolate with Ethyl Sodiomalonate.—This was carried out in ethereal 
solution, the mixture being kept at 0° overnight, then at room temperature for 2 days. No 
solid sodio-derivative separated and on treatment with petroleum only a semi-solid brown mass 
was obtained. 

Methylation. The crude sodio-derivative obtained as above was methylated as described 
on p. 1806, the process being complete after 4 days; the yield of ethyl «-carbethoxy-«$-dimethyl- 
glutaconate was 37%. This had b. p. 176—178°/19 mm., d??* 1-0865, mp 1-4588, [R |p) 71:5 
(Found : C, 58-4; H, 7-5. Calc. : C, 58-7; H,7-7%). The structure of the ester was confirmed 
by ozonisation, the products described above being obtained and identified as before. 

In another experiment, the free ester was liberated from the crude sodio-derivative obtained 
as above, 12 g. of b. p. 175—177°/17 mm. being collected ; this was then methylated as described 
above. The product had p. b. 172—174°/16 mm., d! 1-0853, n,) 1-4560 and gave on ozonis- 
ation the products described above. 

Condensation of Ethyl Tetrolate with Ethyl «-Cyanopropionate.—This was carried out in the 
usual way, but scarcely any neutral product was obtained on acidification of the reaction mixture, 
‘the bulk being a viscous acidic oil which could not be purified. 

Condensation of Ethyl Propiolate with Ethyl Methylmalonate.—Although the reaction between 
ethyl sodiomethylmalonate and ethyl propiolate in ether was very vigorous, a definite reaction 
product could not be isolated (compare above). A better result was obtained by using a 1/10 
molecular proportion of sodium ethoxide ; from 8-7 g. of ethyl methylmalonate, 4 g. of unchanged 
reactants were obtained, 2 g. of condensation product, b. p. 175°/20 mm., and a trace of a product, 
b. p. 220°/20 mm., partly solidifying to a substance of m. p. 134—135°, which was not further 
characterised (Found: C, 61-0; H, 6-2%). The main fraction on redistillation had dj?” 
1-0768, my 1-4495, and was presumably ethyl «-carbethoxy-a«-methylglutaconate (Gidvani, 
Kon, and Wright, /oc. cit.). 

Ozonisation. The main fraction described above gave on ozonisation oxalic acid and a 
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neutral oil, b. p. 100—110°/20 mm., which was probably ethyl formylmethylmalonate; owing 
to an oversight, it was characterised, not by the known phenylhydrazone, but by the semi- 
carbazone, m. p. 178° (Found: C, 46-1; H, 6-3. C,,H,,0,;N; requires C, 46-3; H, 6-5%). 
Ethyl Oxalylmethylmalonaie.—Ethyl methylmalonate was added to an ice-cold suspension 
of 1:15 g. of molecular sodium in ether; after being kept overnight, the mixture was treated 
dropwise with 7 g. of ethyl oxalochloride in 10 vols. of ether with frequent shaking. Next 
day water was added, the product extracted with ether, and the extract washed with sodium 
carbonate solution, then water, dried, and evaporated; the bulk of the product boiled at 173— 
175°/22 mm. A weighed quantity of this was kept overnight with phenylhydrazine (1 mol.) 
in a little ether; the phenylhydrazide which had separated was recrystallised from alcohol and 
had m. p. 120° (Found: C, 56-7; H, 5-9. C,gH,.O,N, requires C, 57-1; H, 6-0%). With 
phenylhydrazine (2 mols.) a very sparingly soluble compound was formed, which could not be 
recrystallised and was purified by washing with ether; it had m. p. 275° (Found: C, 61-6; 
H, 57. C,.,H,,0O,;N, requires C, 61-9; H, 6-1%). It is probable that these two compounds are 
represented by the formule NHPh-NH-CO-CO-CMe(CO,Et), and 
NHPh-NH-CO-C(°‘N-NHPh)-CMe(CO,Et),. 
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402. Highly Unsaturated Compounds. Part VI. The Triene Acid 
from the Seeds of Pomegranates. 


By ERNEST HAROLD FARMER and FRANTZ AIME VAN DEN HEUVEL. 


ALTHOUGH at least five forms of elezostearic acid, all apparently cis-trans-isomerides, have 
at various times been reported to have been isolated, yet until recently the authenticity of 
only the two originally known forms (« and 8) of the acid could be asserted with any degree 
of confidence. Last year, however, the isolation of two new crystalline forms of elzo- 
stearic acid from vegetable oils was reported by Toyama and Tsuchiya (J. Soc. Chem. Ind. 
Japan, 1935, 38, 1828, 1858), and the evidence adduced went far to substantiate the 
claims of these authors as to the nature of their products. The recognition beyond question 
of error of new members of the elzostearic and related series presents some difficulties, and 
particularly in the present case there is the danger of confusing mixtures of the «- and the 
(secondarily formed) $-isomeride of elzostearic acid, or of a-eleostearic and traces of 
saturated acids, for genuine new compounds. In view of the economic importance of 
eleostearic glycerides, and the biological interest attaching to the relative distribution of 
conjugated and non-conjugated types of polyene acids it seemed desirable to obtain 
additional evidence to that advanced by the Japanese authors. At present, however, a 
source of only one of the new acids has become available. 

One of Toyama and Tsuchiya’s new isomerides was obtained by saponification of the oil 
extracted from the seeds of pomegranates (Punica granatum, L.). This substance, punicic 
acid, was reported to melt at 43-5—44° and to show a considerable exaltation (6-9 units) 
of the molecular refraction; it yielded a crystalline tetrabromide, recognised as a tetra- 
bromo-derivative of elwostearic acid; furthermore it yielded n-valeric acid, azelaic acid 
(methyl hydrogen azelate from the methyl ester) and probably oxalic acid on ozonolysis, 
and gave decided depressions of melting point (8—9° and 3—4-5° respectively) when 
admixed with «- and with $-elzostearic acid.* All identifications, however, of the deriv- 
atives and degradation products of the acid were carried out by the method of mixed 
melting point and no single analysis appears to have been made : nevertheless the evidence 
strongly suggested that the reported new substance consisted wholly or mainly of a member 
of the elzostearic group and the chief points of doubt concerned the homogeneity of the 
acid and the genuineness of its isomeric relationship to the already-known «- and $-forms. 

* The m. p. of punicic acid as given by Toyama and Tsuchiya (43-5—44°) lies close to that of the 
eutectic mixture of the pure a- and f-elzostearic acids. 
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We found no difficulty in isolating an acid similar to that described by the Japanese 
authors from the seeds of pomegranate, and this, after every endeavour had been made to 
remove traces of other solid acids which might reasonably have been present in the oil, 
melted constantly at 44°. This acid, as judged by its analysis, its degree of unsaturation — 
(amounting to three double bonds per molecule as determined by hydrogenation), and the 
facts (a) that it gave reasonably good yields of well-authenticated valeric and azelaic acids, 
together with some oxalic acid, on oxidation with permanganate, (b) that it gave a quanti- 
tative yield of stearic acid on complete hydrogenation, and (c) that it undoubtedly under- 
went facile isomerisation into genuine $-elzostearic acid (capable of giving the appropriate 
maleic anhydride derivative) under the influence of ultra-violet light, could not be other 
than an elzostearic acid. 

Concerning the comparison of the new acid with the known «- and 8-forms of elzostearic 
acid we find that punicic acid of m. p. 44° when mixed with highly purified a- and £-elzo- 
stearic acids (m. p. 48-5° and 70° respectively) is capable of depressing the melting point of 
the former to a point as low as 35° and that of the latter to 38°. Careful determination of 
the mixed melting point curve of pure «- and §-elzostearic acids shows that the eutectic 
mixture of these two acids melts at 43-4°. Additional evidence of difference between the 
three acids is afforded by their X-ray patterns, for the following report on which we are 
indebted to Mr. J. Thewlis, M.Sc. 

““ X-Ray powder photographs have been taken of «- and §-eleostearic and of punicic 
acids. It has been found that the spacings of punicic acid and B-elzostearic acid are quite 
distinct and that the two substances are separate and distinct individuals. The patterns 
for «-eleostearic acid and punicic acid are similar, but appear to differ slightly in spacing; 
furthermore, there are, in the punicic acid pattern, two well-defined lines in the region 
of 40 A. which are absent in «-eleostearic acid. The patterns suggest that whilst the sizes 
of the «-eleostearic and the punicic acid molecules are closely similar, there is a difference 
of atomic arrangement; and the punicic acid pattern is not that to be expected for a 
mixture of «- and $-elzostearic acids.”’ 

Although punicic acid readily passes into $-eleostearic acid, which, like its isomeric 
a-form, readily gives a crystalline maleic anhydride addition product, it does not itself 
give a maleic anhydride derivative—or at least no such derivative has at present been 
obtainable. Moreover punicic acid, although oxidisable in the air, yet possesses a consider- 
able degree of stability compared with «-eleostearic acid: indeed it resembles the 6- 
rather than the «-elzostearic acid, and on this account can be kept in nitrogen without 
serious deterioration for many weeks. 

In our view, therefore, the claim of the Japanese authors to have isolated a third 
(doubtless geometrically isomeric) form of elzostearic acid is a sound one. 


EXPERIMENTAL. 


Punicic Acid.—The seeds of pomegranate were disintegrated in a mincing machine and 
extracted with ether at room temperature. The yellow oil obtained by evaporating the ether 
was saponified with alcoholic potash and the free fatty acids derived from the product were 
converted into their magnesium salts as described by Toyama and Tsuchiya (loc. cit., p. 183). 
The portion of the magnesium salt most soluble in alcohol yielded a solid acid which after two 
recrystallisations from 80% alcohol and one from petroleum (b. p. 60—80°), followed by thorough 
drying in a vacuum, melted sharply at 44° (Found: C, 77-25; H, 10-5. Calc. for C,,H,,0, : 
C, 77-6; H, 10-85°,). The acid absorbed oxygen from the atmosphere, but suffered only slight 
deterioration during several months when kept in the dark in an atmosphere of nitrogen. 
It had a neutralisation value of 201-0 (calc. for eleostearic acid, 201-7) and an iodine value, by 
the Wijs method, of 217-5 (calc., 273-7). 

A number of attempts were made to form the maleic anhydride derivative of punicic acid. 
Under all the conditions used, a sticky product, similar to that obtained by heating punicic acid 
alone, was formed. In no case did this appear to consist of, or contain, any substantial amount 
of the desired addition compound. 

Comparison with a- and B-El@ostearic Acids.—Comparison of the mixed melting point curves 
of (a) punicic and «-elzostearic acids and (b) punicic and £-elzostearic acids with that of a- 





Exchange Reactions of Heavy Water with Organic Compounds. Part I. 1811 


and §-elzostearic acids * left no doubt as to the essential difference of punicic acid from both the 
a- and the 8-form of elwostearic acid. The eutectic points observed were 35° for punicic acid 
mixed with «-elzostearic acid, and 38° for punicic acid mixed with B-elzostearic acid. 

Conversion inio B-El@ostearic Acid.—When a 10% solution of punicic acid in xylene was 
exposed in contact with a little sulphur (nitrogen atmosphere) for 4 hours to the light from a 
mercury vapour lamp, complete conversion into $-elzostearic acid took place. The product 
was taken up in 20% aqueous caustic potash, and the filtered solution acidified. The acid thus 
precipitated was dissolved in ether, dried and recrystallised once from light petroleum. The 
crystals melted at 70°, alone or mixed with authentic 8-elzostearic acid, m. p. 70°. 

The maleic anhydride derivative of the irradiated product was formed in the usual way : 
this melted at 77° and did not depress the m. p. of the maleic anhydride derivative of authentic 
8-eleostearic acid (Found: C, 70-1; H, 8-4. Calc. for C,,H,,0,: C, 70-25; H, 855%). 

Hydrogenation.—-On the assumption that punicic acid is isomeric with eleostearic acid (M, 
278-24), sufficient hydrogen was absorbed in presence of a platinum catalyst to saturate 3-0 
double bonds. The product was a homogeneous saturated acid, identified as stearic acid, which 
melted at once at 70° (mixed m. p. 70°) and gave a methyl ester, m. p. 38° (mixed m. p. 38°). 

Oxidation.—The acid, dissolved in 10% aqueous acetone, was oxidised at 0° with a 3% 
solution of permanganate containing 2% of sodium carbonate. Twelve atoms of oxygen per 
molecule of acid were supplied in this way. The liquid was filtered, the manganese mud twice 
extracted with boiling water (50 c.c. portions), and the combined filtrate and aqueous extracts 
acidified with hydrochloric acid and distilled until only 50 c.c. of liquid remained; the distillate 
dropped into excess of dilute caustic potash solution. From the residue in the flask, azelaic acid 
mixed with gummy material separated and was filtered off. The azelaic acid was extracted from 
the crude mass with boiling water and crystallised successively from benzene and water (m. p. 
105°; mixed m. p. 105°. Found: C, 57-6; H, 8-55. Calc. for CjH,,0,: C, 57-5; H, 8-55%) ; 
the gummy residue yielded a further quantity of azelaic acid on renewed treatment with per- 
manganate (total yield, 55%). From the aqueous filtrate, calcium oxalate was precipitated 
in moderate yield. The alkaline liquor containing the distillate was concentrated on a water- 
bath to 50 c.c., acidified with concentrated hydrochloric acid, and extracted five times with ether. 
The ethereal extract yielded, after evaporation of the solvent and fractionation of the residual 
liquor, about 50% of pure valeric acid, b. p. 185—186° (p-bromophenacy]l ester, m. p. and mixed 
m. p. 72-5°. Found: C, 52-1; H, 5-3. Cale. for C,,H,,0,Br: C, 52-2; H, 5-05%). 


We desire to thank the Royal Society for a grant. 
IMPERIAL COLLEGE, LONDON, S.W. 7. [ Received, October 13th, 1936.] 





403. Hxchange Reactions of Heavy Water with Organic Compounds. 
Part I. Phenol, Acetanilide, and the Formate Ion. 


By P. A. SMALL and J. H. WOLFENDEN. 


THE exchange of deuterium with protium in organic compounds has been the subject of 
a variety of investigations, and the possibilities of isotopic exchange as a means of detecting 
hydroxyl groups and keto-enol tautomerism and towards the solution of a variety of 
problems of organic chemistry are already established. The principal object of the work 
described below was the investigation of the equilibrium distribution of protium and 
deuterium between water and a variety of types of linkage involving hydrogen. The 
“partition ratios’ of these isotopic exchanges must necessarily be known whenever the 
number of protium atoms in a given compound undergoing exchange with deuterium is 
to be established. In the early work (Bonhoeffer and Brown, Z. physikal. Chem., 1934, 
B, 25, 153) it was assumed provisionally that the deuterium and protium were distributed 
in a random manner between the linkages undergoing exchange. It is now realised (Kear, 
ibid., 1934, B, 26, 335; Hamill and Freudenberg, J. Amer. Chem. Soc., 1935, 57, 1427) 


* We are indebted to Dr. F. C. B. Marshall for detailed information concerning the mixed melting 
point curve of the highly purified a- and f-forms of elzostearic acid. A troublesome feature of most 
supposedly pure specimens of elzostearic acid is their retention of a minute proportion of stearic acid. 
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that this assumption is not true, and a knowledge of the partition ratios involved is there- 
fore likely to be of value when more complex problems are to be solved. 

The equilibrium distribution of protium and deuterium between heavy water and the 
hydroxyl linkage of phenol and the imido-linkage of acetanilide have been measured. 
An attempt to measure the distribution for the C-H linkage of the formate ion was un- 
successful because the exchange reaction was so slow that equilibrium was never attained 
in our experiments although observations were made on the rate of exchange. The com- 
pounds selected for experiment were chosen because they were soluble in water, could 
be separated from the water after the exchange, and contained only one linkage each of 
the type under investigation. 

The distribution of the isotopes of hydrogen between water and an organic compound 
X can be expressed in a variety of ways. The quantity immediately accessible by experi- 
ment is the ratio 








(wo of D in *) /Gem of D in easy 
Atoms of H in X// \Atoms of H in water 


This may be called the “‘ over-all partition ratio ” (R®°) and is clearly determined, not only 
by the respective preferences of protium and deuterium, but also by the number of hydrogen 
atoms in the organic molecule which participate in the exchange. A more significant 
quantity is the ratio 
( Atoms of D in X ) (ftoms of D in water 
Exchangeable atoms of H in X Atoms of H in aoa 





This we may call the “ partition ratio’ (R) and it is in terms of this quantity that most 
of our results will be expressed; in the special case where all the hydrogen atoms in the 
organic molecule exchange, such as acetone, it is clear that R = R®; more generally, if 
n out of a total number of m hydrogen atoms exchange, then R = R® x m/n. Where the 
protium and deuterium are distributed in a truly random manner between water and the 
exchangeable hydrogen atoms of the organic compound, the partition ratio R is equai to 
unity. When the isotopic distribution is expressed in terms of equilibrium constants 
the numerical relations become more complicated on account of the three kinds of water 
molecule and the various deuterium-substituted species of the organic molecule. Two 
specially simple cases may be mentioned; where the organic molecule contains only one 
exchangeable hydrogen atom (e.g., the formate ion) the equilibrium constant 
[DX)][HOH]/[HX][DOH] is equal to half the value of the partition ratio for limitingly 
low concentrations of deuterium; for the slightly more general case of an organic molecule 
with » mutually equivalent exchangeable hydrogen atoms the equilibrium constant 
[XH,_,D)][HOH]/[XH,][DOH] is equal to 2/2 times the value of the partition ratio for 
limitingly low concentrations of deuterium. In cases where the number of exchangeable 
hydrogen atoms is unknown or equilibrium has not been attained it is simplest to express 
the result of exchange experiments by the ‘‘ exchange number ” E, which is the number 
of exchangeable hydrogen atoms which have to be postulated in the organic molecule 
on the assumption that deuterium has distributed itself in a random manner between E 
linkages in the organic molecule and two linkages in the water; E is in fact the value of 
n necessary to make R equal to unity. 


EXPERIMENTAL. 


In every case the progress of the exchange was traced by measuring the fall in deuterium 
concentration of water containing from 3% to 5% of deuterium after the organic compound 
had been dissolved in it and maintained at 100° in a sealed tube for a known period of time. 
The deuterium concentration of the heavy water was measured by the flotation-temperature 
method of Lewis and Macdonald (J. Chem. Physics, 1933, 1, 341). Soft-glass floats about 
1 c.c. in volume were used which enabled the density of a 3 c.c. specimen of water to be estimated 
fairly rapidly to within 5 parts per million. The flotation apparatus, illustrated in Fig. 1, 
consisted of two test-tubes symmetrically disposed in a mechanically stirred water-bath sur- 
rounded by an air-gap and an outer water-bath. One of the test-tubes contained the specimen 
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of water to be analysed and the float; the twin test-tube contained the thermometer in a 
specimen of ordinary water of the same volume. The density of a specimen of water just 
sufficient to contain the float could thus be measured, as the symmetry of the arrangement 
ensured that the thermometer recorded a temperature equal to that of the float. With this 
apparatus, flotation temperatures could be measured reproducible to 0-02° and independent 
of the rate of cooling provided the latter was not faster than 0-2° per minute. Higher precision 
could have been attained by using each float over a relatively small temperature range near the 
temperature of maximum density and cooling more slowly, but for the present work it was 
considered more convenient to use each float over a wide temperature range so that the not 
inconsiderable change of density of the water before and after exchange could be measured 
fairly rapidly on the same float. 

Experimentally, the most difficult process was the complete removal of the water from the 
organic reactant, together with its subsequent purification. Isotopic fractionation of water 
takes place very readily, and to avoid it, every distillation was carried out in a vacuum in all- 
glass apparatus and made as complete as possible. The first distillation was carried out in 
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the apparatus shown in Fig. 2, in which all the ground-joints were interchangeable and the whole 
surface could be reached by a brush for cleaning. Electrical heating was used for the hot 
limb and the cold limb was immersed in a freezing mixture; when necessary the ground-joint 
on the hot side was surrounded by a cooling coil. Subsequent distillations (of virtually pure 
water) were carried out most conveniently in apparatus shown in Fig. 3. Blank experiments 
showed that distillations could be carried out in both apparatuses without any trace of isotopic 
fractionation. 

In the case of substances whose hydrogen atoms exchange very rapidly, accumulation of 
deuterium in the undistilled portion owing to fractionation and continuous establishment of 
the equilibrium will lead to an apparent distribution ratio greater than it really is. This effect 
is difficult to allow for, but an estimate may be made by considering it as an equilibrium between 
the dissolved substance and the water in the vapour phase, rather than the water in the liquid 
phase. The heterogeneous constant for this equilibrium will be greater than the homogeneous 
constant in the ratio of ~,/p, to unity, where ~, and p, are the vapour pressures of the two 
species of water, H,O and HDO. The vapour pressure of HDO being taken as the mean of 
those of H,O and D,O, and the ratio of the vapour pressures of the last two as 1-052 at 100° 
(cf. Wahl and Urey, J. Chem. Physics, 1935, 3, 411), it appears that the heterogeneous constant 
is 2-6% greater than the homogeneous one; the measured partition ratios may be expected to 
be greater than the true ones by about this amount. If the reaction is slow, the correction will 
be still less. In view of the uncertainty of the correction, the partition ratios have been recorded 


as they were measured, 
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The volatility of phenol made it impossible to separate water from phenol by the ordinary 
technique without isotopic fractionation. A technique was evolved to meet this difficulty 
which may be capable of extended application. The first stage consisted in the distillation 
of the reaction mixture, which might consist, for example, of 25 g. of phenol and 5 g. of water, 
in a micro-fractionating column until phenol began to come over. At this point the residue 
contained about }% of water and the distillate contained about 10% of phenol. The latter 
was removed by a process which was in effect repeated extraction with benzene; the apparatus 
is illustrated in Fig. 4. The aqueous solution of phenol was transferred to a conical flask 4 
and 200 c.c. of carefully dried benzene were added. A trap B and condenser were attached 
and the mixture was refluxed on a water-bath. The water collected in the trap while the phenol 
remained in the benzene; the vapour-pressure relations at 80° are such that after the reflux 
operation has been carried out thrice, the water is saturated with benzene but free from phenol. 
The dissolved benzene was finally removed by shaking the water with about 0-5 g. of pure 
molten paraffin wax. Blank experiments showed that the phenol removal was complete and 
also that benzene does not exchange with water under these conditions. Confirmatory evidence 
of the validity of the method was provided by the fact that the experiments with deuterium- 
rich water and ordinary phenol gave the same partition ratio as some experiments with 
deuterium-rich phenol and ordinary water. 

Results.—1. Exchanges with phenol, sodium and potassium phenoxides, and potassium 2: 4 : 6- 
trichlorophenoxide. The phenol was dried over calcium chloride and distilled in a vacuum. 


Expt. No.: 1. 2. 3. 4. Expt. No.: 5. 6. 
Wt. of phenol (g.)...... 31:18 36:29 21-79 31-16 Wt. of phenol (g.)_......... 23-88 17-12 
Wt. of water (g.) ...... 4:24 477 5-05 5-05 Wt. of water (g.) .«.:......... 400 4-00 
Duration of reaction distilled Duration of reaction (hrs.) 1 3 
OS ees 16 24 1 immediately Initial % D in OH group 
TRMEIBE % DD cccccssscecs 5-682 4946 3-504 5-274 CE PROROL 20d iscocsessescess 1-260 1-580 
i, | ees eee 3-409 2-498 2-412 3-519 Final % D in water ...... 1-100 0-484 
Partition ratio ......... 1-10 1-20 1-10 1-12 Partition ratio _............ 1-12 1-08 
Expt. No.: 7. 8. 9. 10. 
Wt. of phenol (g.) ......cccccccccsccece 23-39 23-03 8-61 12-54 
WE. Of Water (G.)  ..cccccsccccccecccecs 5-18 5-20 5-02 5-02 
WE. OF NOOR (B.) ccccccccvosssceccceee —-- (+18 — _— 
Duration of reaction (days) ......... 20 20 17 17 
BIE TG BP eacctcscsecwssesrccsescoess 5-015 4-905 4-099 4-092 
PEE. Fa BP ccvescrscvicsesenescevetcorees 1-908 1-580 2-760 2-263 
TENCRAD TRUE 6 occ ceccecssocssecess 2-7 3-7 1-8 2-2 
Expt. No.: 11. 12. Expt. No.: 13. 
Wt. of phamal (B.) ccocscccseveses 8-76 9-73 Wt. of 2: 4: 6-trichlorophenol (g.)_ ...... 10-08 
Lis £ 23 ee 4-90 3-43 WE, GE WRRE FB) scvcccccccccccessscccvescesees 5-25 
WE, GF Tee he)... seccrmeccissoes 6-36 6-44 We OE BEN GL ve cetcccenesevenescvesscosess 6-63 
Duration of reaction (days) ... 17 17 Duration of reaction (days) ............++. 17 
SUUENE Te BP connsesnnsnvascensece 2-899 4-635 BE MES ac rececsccsveseesccosesesesseessoes 3-160 
TONE. Fk BP bac disancissecoenenasies 1-931 2-568 PIE Oh OP cas rdcbe sve ctecepesstvcbecetetseuntbies 3-140 
Exchange number ............++. 4-2 4-4 RD IE os niisi 5 sacs ceccesncsse 0-06 


Expts. 1—4 show a rapid exchange with the phenolic hydrogen with a partition ratio of 
about 1-1; in expt. 4 the distillation was carried out immediately after mixing the phenol 
and the heavy water, and the agreement of this partition ratio with the preceding three confirms 
the anticipation that the exchange must be virtually instantaneous. Expts. 5 and 6 represent 
‘“‘ back-exchanges ’’ between deuterium-rich phenol and ordinary water and provide a satis- 
tactory confirmation of the partition ratio of 1-1 between water and phenolic hydroxyl. Expts. 
7—10 refer to. longer period exchanges in which nuclear substitution has taken place; the 
results are expressed as exchange numbers, which represent the number of nuclear hydrogen 
atoms exchanged after allowing for exchangé of the phenolic group with a partition ratio 
of 1-1. Expts. 1] and 12 were carried out in the presence of an excess of potassium hydroxide. 
Allowance was made for the water formed on the neutralisation of the phenol, and the exchange 
numbers therefore refer to nuclear exchange only; the alkali has clearly accelerated the nuclear 
exchange. 

In an effort to determine whether the nuclear exchange numbers of 4-2 and 4-4 obtained 
with an excess of alkali were due to all five nuclear hydrogen atoms exchanging with a partition 
ratio rather less than unity, or alternatively to the two ortho- and the para-hydrogen atoms 
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the partition ratio because equilibrium was not established after weeks of heating at 100° (cf. 





Heavy Water with Organic Compounds. Part I. 1815 


exchanging with a partition ratio rather greater than unity, an exchange experiment was 
performed with the very soluble potassium salt of 2: 4: 6-trichlorophenol. One of the two 
tubes broke, but the result obtained with the other (Expt. 13) indicated a negligible amount 
of nuclear exchange. 

II. Exchanges with acetanilide. 


Expt. No. : 1. 2. 3. 4. 5. 6 qd, 
Wt. of acetanilide (g.)_......... 0-694 0-420 0-594 0-890 0-306 7-64 19-1 
Wes OS WHITE). cn cccsiscccccscess 5-04 5-03 5-03 5-03 5-03 5-00 5-03 
Duration of reaction (hrs.) ... 4 1 2-5 2-5 1 20 20 
uk ieee 4-375 3-504 5-274 5-274 3-504 4:375 4-325 
EY Kccicvddnessekosesanriee 4-330 3-470 5-221 5-206 3-478 3-807 3:304 
PRUNE SIRI ccsccnciissisncanedics 1-05 1-8 1:3 1-1 1-8 1-4 1-2 


The solubility of acetanilide in water at 100° is so low that the changes in water density 
after exchange are small and prevent accurate measurements of the partition ratio. The 
results indicate, however, that one atom exchanges with great rapidity, and the partition ratio 
cannot be evaluated more accurately than 1-2 + 0-2; this is a weighted mean taking account 
of the fact that a small density change and a high flotation temperature combined to make 
expts. 2 and 5 less accurate than the remainder. Blank experiments showed that hydrolysis 
was not appreciable under the conditions of expts. 1—5. Expts. 6 and 7 were carried out 
with acetanilide and water in such proportions that at 100° they formed a solution of water 
in acetanilide. Under these conditions hydrolysis is appreciable and therefore accurate results 
are not to be expected; however, under these conditions, which might be expected to be 
particularly favourable to exchange, there was no evidence that more than one atom exchanged. 

III. Exchanges with sodium and potassium formates. 


Expt. No. : 1. 2. 3. 4. 5. 
Wt. of sodium formate (g.) ..............000+ 3-96 6-25 6-58 6-98 5-90 
Li n,  . > (eee eer 6-56 5-71 4-95 5-23 4-44 
Ei, EE LEED ciuinncnsnscaneddbedevesescscce 0-228 0-252 0-186 0-196 0-168 
Wt. of added glass (g.) ...........ccscssecsees — = — 5-53 8-47 
Duration of reaction (days) .................. 5-75 10-5 5 5 5 
gy RE bee 4-170 3-635 5-630 5-630 5-630 
8 Ee eee 4-053 3-536 5-462 5-432 5-403 
CRD SII in sok isc acnevccstebeccseonecs 0-39 0°27 0°17 0-19 0:23 
Expt. No 6 7. 8. 9. 10. 
Wt. of potassium formate (g.) —..........4+ 19-52 19-52 18-17 18-61 18-61 
WN UIE one ercddébbaenpieoreacds 5-02 5-02 5-02 5-05 5-05 
—~ RR § ) ' ) ere —- = 2-10 1-32 1-32 
DREUEEEEE  esoqectencecescccsusosncnsdecnsceecs - oe -- — + 
Duration of reaction (days) ..........s.sc000s 8 8 8 8-5 8-5 
MET DP srcnscxescendsdstansonedenmnpentebe 4-946 4-946 4-770 4-830 4-830 
TIE. Tie BP nanecccuspsecesencsenecesnennsevenonnse 4-786 4-786 4-559 4-633 4-571 
Exchange number ...........c.ssccssecsssseeees 0-08 0-08 0-12 0-15 0-20 
Expt. No. : 11. 12. 13 14 15. 16 
Wt. of potassium formate (g.) ... 30-79 30-79 38-11 38-11 38-11 17-45 
IR NIN OD oxncsecessunsecceenss 9-04 9-04 7-47 7-47 7:47 5-03 
SG fs iepmertnnieenasnienpan 1-54 1-54 1-58 1-58 1-58 — 
GEES eee + — -- +e ob _ 
Duration of reaction (days) ......... 8-5 8-5 7 7 7 14 
BN Tis BP. > cancocesopsonccesganicesses 4-960 4-960 4-960 4-850 4-850 4-973 
a eS rrr es eee 4-662 4-702 4-616 4-457 4-525 4-929 
Exchange number .............000s000+ 0-23 0-20 0-10 0-17 0-14 0-02 
Expt. No. : 17. 18. 19. 20. 21. 
Wt. of potassium formate (g.) ... 23°45 23-45 23-14 17-89 17-89 
WE. C8 WREST GB) ncccvcccccscccesccsee 5-03 5-03 5-03 5-03 5-03 
Wt. of catalytic nickel (g.) ......... 50 a 5-0 _ = 
Duration of reaction (days) ......... 5°75 5°75 16 92 147 
BENE Ty EP | ectgetccscccconaccvesieeses 5-274 5-274 3676 4:973 4-973 
SOME Fe BD csescsnececsssesccsncesceseses 4-647 5-107 3-503 4-805 4-777 
Exchange number ..,......ceseseeeeees 0-28 0-06 0-35 0-09 0-11 


The exchange experiments with the formate ion led to no conclusive results with regard to 
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Miinzberg, Z. physikal. Chem., 1935, B, 31,18). The earlier experiments (1—5) were carried out 
with sodium formate, but the potassium salt was later found more convenient on account of its 
much higher solubility. A further difficulty in the exchanges with the formate ion was the 
inconsistency of the results. Experiments suggested that part at least of these variations was 
due to heterogeneous catalysis of the exchange. Tubes packed with broken glass (Expts. 4, 5, 
7, 10, 11, 14, and 15) showed appreciable catalysis, and catalytic nickel, prepared by the 
reduction of the oxide below 350°, also showed a marked accelerating effect (Expts. 17 and 19). 
The catalytic effect of alkali is demonstrated by a comparison of expts. 6 and 8 and of expts. 12 
and 16. Although the measurements failed in their primary object of the evaluation of the 
partition ratio of the exchange, the slowness of the exchange reaction is of interest in connection 
with a recent suggestion as to the structure of the formate ion (see below). 


DISCUSSION. 


The results obtained for phenol and acetanilide indicate that the distribution of 
deuterium between water and the organic compound favours the latter in both cases. 
The value obtained for the distribution of deuterium between the hydroxy-group of phenol 
and water may be compared with that found by Orr (Trans. Faraday Soc., 1936, 32, 1033) 
for the distribution between ethyl alcohol and water, namely, 1-11, and the value of 1-10 
found by Brodsky and Scarra (Acta Phys. Chem. U.R.S.S., 1935, 2, 603) for quinol. 

The interpretation to be placed on the nuclear exchange with phenol on prolonged 
heating with or without alkali is not quite certain. If the absence of nuclear exchange 
with 2: 4: 6-trichlorophenol is to be taken at its face value, it would suggest that the 
nuclear exchange numbers of 4-2 and 4-4 obtained in expts. 11 and 12 are due to exchange 
with two ortho- and the para-linkages with a partition ratio somewhere about 1-4. This 
partition ratio is so high as to suggest that perhaps a certain (probably incomplete) 
exchange with the meta-linkages has also taken place, in which case the absence of nuclear 
exchange with the trichlorophenol must be attributed to deactivation of the two meta- 
groups by the three chlorine atoms. 

The exchange of deuterium with the formate is so slow and apparently irregular, 
possibly owing to heterogeneous catalysis, that the partition ratio for the exchange cannot 
be evaluated. On the other hand, the slowness of the exchange seems to provide a con- 
clusive argument against a recent formula put forward for the formate ion by Sarkar 
and Ray (Nature, 1936, 137, 495). On the basis of the absorption spectra of formic acid 


and the formates and on certain other grounds these authors suggest that the formate ion | 


in solution has the formula cen | but they retain the normal structure for the acid, 


its esters, and the formate ion in the crystal; they suppose that on solution the formate 
ion undergoes the prototropic change 


O rw i 
| Hc<6_ | —> | :c<hy. | 

Such a prototropic change is usually pictured as an intermolecular process, and if the 
hypothesis of Sarkar and Ray were true, one would expect rapid exchange with deuterium 
on the solution of a formate in heavy water, whereas the exchange is in fact extremely 
slow. A second argument against the formula of Sarkar and Ray, which is independent 
of the assumption that the prototropic change is intramolecular, is the fact that an ion of 
the structure proposed would be expected to have an appreciable acid dissociation constant. 
Inasmuch as hydroxyl groups with acidic properties as feeble as those of the sugars 
exchange relatively readily with heavy water, the slow exchange with the formate ion 
seems to provide a second and independent argument against the formula of Sarkar and 
Ray. 

SUMMARY. 

(1) The exchange reactions of phenol, potassium phenoxide, potassium 2: 4 : 6-tri- 

chlorophenoxide, acetanilide and the alkali formates with heavy water have been 
investigated, ' 
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(2) The hydroxyl group of phenol exchanges rapidly, as also does the imido-group of 
acetanilide; in both cases the distribution of deuterium between water and the organic 
compound is not random but favours the organic compound. 

(3) On prolonged heating with heavy water, phenol shows nuclear exchange; under 
the same conditions potassium 2 : 4 : 6-trichlorophenoxide shows no exchange. 

(4) The exchange of heavy water with the alkaline formates is extremely slow, being 
incomplete after several weeks at 100°. This observation is inconsistent with a formula 
recently put forward for the formate ion in solution. 


PuysIcaL CHEMICAL LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. (Received, August 1st, 1936.] 





404. The Structure of the Carboxyl Group. A Quantitative Investigation 
of Oxalic Acid Dihydrate by Fourier Synthesis from the X-Ray 
Crystal Data. 


By J. MonTEATH ROBERTSON and IDA WooDWARD. 


A CAREFUL examination of the crystal lattice of oxalic acid dihydrate and the structure of 
the oxalate group has recently been made by Zachariasen (Z. Krist., 1934, 89, 442), based 
upon visual estimates of the intensities of the X-ray reflections from oscillation and Laue 
photographs; and Hendricks (ibid., 1935, 91, 48) has further studied the orientation of the 
oxalate group in the two forms of anhydrous oxalic acid and a number of its salts. Ina 
later paper, Hendricks and Jefferson (J. Chem. Physics, 1936, 4, 102) have reported a quanti- 
tative study of the structure of ammonium oxalate monohydrate, with absolute intensity 
measurements, and they derive values for the interatomic distances which they consider 
accurate to within + 0-02 A. 

Zachariasen and Hendricks and Jefferson obtain a value of about 1-58 A. for the length 
of the C—C bond in the oxalate group. This result is surprising because, for a C—C bond 
situated between two conjugated carboxyl groups, we might expect a length Jess than the 
normal single bond value of 1-54 A., owing to resonance. In an attempt to confirm this 
value and also to obtain a precise determination of the distances and valency angles for the 
carboxyl group, we have now carried out a series of absolute intensity measurements on the 
two principal zones of reflections from crystals of the dihydrate. Zachariasen’s preliminary 
structure has proved sufficiently accurate to enable us to calculate the phase constants for 
practically all these reflections. A double Fourier synthesis of the results can thus be made, 
which gives a fairly sharp resolution of all the atoms in one projection of the structure, and of 
four of the atoms in another projection, enabling the positions of their centres to be 
determined with an accuracy which we would estimate at from 0-01 to 0-04 A. 

Our results, which are discussed below, differ considerably from those of the above 
authors in regard to the length of the C—C bond, for which we obtain the value 1-43—1-45 
A. It should be emphasised that this measurement is difficult to make, because the two 
carbon atoms are surrounded by four oxygen atoms which have considerably greater 
scattering power for X-rays. But we believe our result is correct to within 0-04 A. In 
other respects, our structure agrees reasonably well with the previous determinations. The 
suggestion of Hendricks and Jefferson that their abnormally large value of 1-58 A. for the 
C—C bond in ammonium oxalate is a result of repulsion between negatively charged parts 
of the oxalate group (—CO,~) may account for a certain difference in the C—C bond dis- 
tances in the acid and its salts, but we should not expect this difference to be nearly so 
great as 0-15 A. 

The projection along the } axis in the form of a contour map is shown in Fig. 1, the 
area covered being that of two unit cells, showing one complete oxalic acid molecule with its 
surrounding water molecules and parts of six other molecules. The atoms of the oxalic 
acid molecule lie nearly in one plane, as shown in the next section, but this plane makes an 
angle of about 29° with the plane of the projection, the (010). The six surrounding water 
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The Structure of the Carboxyl Group. 1819 
molecules also lie at various heights above and below this plane, as will be seen from Fig. 2. 
The density of the scattering matter rises to uniform peak values of neariy 11 electrons per 
A.” on the oxygen atoms, and to over 7 electrons per A.? on the carbon atoms, comparable 
to the values previously obtained in structures of this type (Proc. Roy. Soc., A, 1936, 
157, 79). The large intervening spaces between the molecules are very flat, and the value 
for the density here varies between + 0-5 and — 0-5 electron per A.?, a result which 
constitutes a practical test for the satisfactory convergence of the Fourier series. 

The projection along the a axis is given in a similar manner in Fig. 2, but owing to the 
high inclination of the molecular plane, only the water molecules and two of the oxygen 
atoms (1 and 1’) are separately resolved. The carbon atoms and the second oxygen atoms 
(2 and 2’) form a pair of well-defined ovals near the origin, the outer portions of which are 
obviously distended by the greater density of the oxygen atoms. The explanatory diagrams 
on the right of the contour maps are plotted from the co-ordinates given below, the atoms 
being drawn half size. 


Fic. 2. 
Projection along the a axis, covering two unit cells. Each contour line represents a density increment of 
one electron per A.*, the one-electron line being dotted. 

















Co-ordinates of Atoms.—The x and z co-ordinates of all the atoms can be measured 
directly from the } projection (Fig. 1) with an accuracy of 0-02—0-03 A. The best resolu- 
tion is obtained with the water molecules and the oxygen atoms 1 and 1’, and for these the 
accuracy is probably higher. In a similar manner the y co-ordinates are obtained from the 
a projection (Fig. 2) together with an independent check on the z co-ordinates. The 
centres of the unresolved pairs of carbon and oxygen atoms in this projection were assigned 
by trial. Two peaks, representing a carbon and an oxygen atom, were moved towards one 
another until the resulting contour lines gave the form of the oval in Fig. 2, and the positions 
of the centres were then taken as the positions of the atoms in Fig. 2. In this case the 
accuracy is probably about 0-04 A. These results are collected in Table I, the co-ordinates 
of the separately resolved atoms being given in Clarendon type. Only the four atoms in 
the asymmetric unit, half the oxalic acid molecule and one water molecule, are listed, as the 
co-ordinates of the others follow from the symmetry relations of the space group. 
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Crystal Data.—Oxalic acid dihydrate, C,H,0,,2H,O. The cell dimensions were checked 
by plane plate rotation photographs. The crystal is monoclinic prismatic, space group 
P2,/n (Cy°), a = 6-12 + 0-02, b = 3-60 + 0-01, c = 12-03 + 0-03 A., B = 106-2°, with two 
centrosymmetric molecules per unit cell of volume 254-5 A.?; d (found) = 1-63—1-65, 
(calc.) = 1-63, M = 126, F(000) = 132. Zachariasen’s values for the cell dimensions are 
thus confirmed by our measurements. 


TABLE I. 

Co-ordinates referred to monoclinic crystal axes. Centre of symmetry as origin. 
Atom (cf. Fig. 1). #, A. 2Qarx fa. y, A. Qary /b. z, A. 2nz Ic. 
OB sdthcihtcnbinditeisiinbdcvintatl —022, —13-2° 0-12 12-0° 0-61 18-3° 
| | eee 0-52, 30-9 — 0-20, — 20-5 1-78 5&2 
plete i! iii —199, —81 0-77 77-0 0-42 12:6 
GNOME ddeducotbuctiotbinddaied —276, — 162-7 — 141 — 141-0 2-15 64:4 


Discussion of the Structure. 


The interatomic distances and the valency angles calculated from the co-ordinates are 
shown in Fig. 3, and the three distances of closest approach between the water molecules 


Fic. 3. 
Dimensions of oxalic acid molecule. 
L 
A 








and the surrounding acid molecules are shown in Fig. 1. The distances between the 
carbon atom and the two oxygen atoms of the carboxyl group prove to be 1-24 A. for 
C—O (1) and 1-30 A. for C—O (2). The difference between these distances, viz., 0-06 A., 
is not much greater than the probable experimental error, which we would estimate at 
0-02—0-03 A., and in the absence of other asymmetry in the structure it would be difficult 
to attach much significance to this result. But it is supported by the position we find 
for the oxygen atom of the water molecule. The distance between the water oxygen and 
O(1) is only 2-52 + 0-02 A., a value which indicates the formation of a true hydrogen 
bond between these atoms. The distances between the water oxygen and the O(2) atoms 
of adjoining molecules are 2-87 and 2-84 A., indicating intermolecular attractions of an inter- 
mediate type, called ‘‘ hydroxyl bonds ”’ by Bernal and Megaw (Proc. Roy. Soc., A, 1935, 
151, 384). The formation of hydrogen and hydroxyl bonds in oxalic acid has already been 
discussed by Zachariasen and by Bernal and Megaw, but our revised result shows that a 
fairly sharp distinction can be drawn between the two types in this structure. 

In view of these results, it seems possible to make a rather definite correlation between 
the oxygen atom O(1) and the carbonyl oxygen, and between the oxygen atom O(2) and the 
hydroxyl oxygen. Resonance between single and double bonds in the carboxyl group 
undoubtedly occurs, although this may not lead to complete equalisation of the distances, 
The mean value for the C—O distance which we find, 1-27 A,, is very close to that previously 
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reported by Zachariasen (loc. cit.) and in good agreement with the value found by Pauling 
and his collaborators (Proc. Nat. Acad. Sci., 1934, 20, 336, 340) for the carboxyl group in 
formic acid and in basic beryllium acetate. It is also just above the mean value of 1-24 A. 
reported by Hendricks and Jefferson (/oc. cit.) for ammonium oxalate monohydrate. 

It should be especially noted that the molecules are not bound together in sheets by the 
hydrogen and hydroxyl bonds, as might be inferred from the projection shown in Fig. 1. 
Thus, the octagon formed by the atoms C, O(1), H,O(3)’, O(2)’, C’, O(1)’, H,O(3), and O(2), 
indicated by the dotted lines in Fig. 1, is not a closed circuit, but leads back to a molecule 
one translation further along the } axis (normal to the projection plane) above the original 
molecule, a relation which cannot be distinguished in this projection, but will be clear 
from Fig. 2. The quadrilateral formed by the atoms H,O(3), O(2)’, H,O(3)’, and O(2), 
shown by the dotted lines in Fig: 1 and Fig. 2, does, however, form a closed circuit. 

As the present X-ray analysis does not reveal the positions of the hydrogen atoms 
directly, the question as to whether the structure can be regarded as “‘ hydroxonium 
oxalate ’”’ (H,O),**(C,0,)-~ remains speculative. It seems likely, however, that the water 
molecules are connected by hydrogen bonds to the carbonyl oxygen atoms, and that the 
remaining hydroxyl groups are also interconnected by hydroxyl bond formation. 

The ‘“‘single-bond’’ C—C distance of 1-43 A. is at considerable variance with 
Zachariasen’s value of 1-59 + 0-07 A., and also with the value of 1-58 + 0-01 A. given by 
Hendricks and Jefferson for ammonium oxalate monohydrate. On examining our result 
critically, we find that this distance might be increased to a possible maximum of about 
1-48 A. by increasing the y co-ordinates of the carbon atoms in the a axis projection (Fig. 2), 
or decreased to about 1-42 A. by making allowance for a possible overlapping effect of the 
oxygen atoms in the 0 axis projection (Fig. 1). But the distance is in any case definitely 
below the normal C—C single-bond distance of 1-54 A., as in diamond, and it may be 
nearly as low as the C—C distance in graphite (1-42 A.). The most probable result of 1-43— 
1-45 A. indicates from 23% to 30% of double-bond property in the C—C link, if we make use 
of the empirical function given by Pauling, Brockway, and Beach (J. Amer. Chem. Soc., 
1935, 57, 2706). The C— link in oxalic acid is thus not a true single bond, presumably 
because it provides conjugation between double bonds in two adjacent carboxyl groups. 
It is interesting to note that for this reason Pauling and Brockway (Proc. Nat. Acad. Sct., 
1934, 20, 340) thought that Zachariasen’s value for the C—C distance in oxalic acid was too 
great. The presence of such double-bond properties in the link immediately explains the 
invariance of structure of the oxalate group, not only in the different crystalline modific- 
ations of the acid itself, but in many of the oxalates (compare Hendricks, Z. Krist., 1935, 
91, 48) which display a planar or nearly planar configuration of the radical. Rotation about 
the C—C link is evidently restricted. On the purely chemical side, the quantitative 
oxidation of the acid with potassium permanganate is perhaps more easily understood in 
view of these results. 

The four oxygen atoms of the acid molecule necessarily lie in a plane which contains 
the centre of symmetry. From the co-ordinates given in Table I the carbon atom is found 
to lie at 0-025 A. above this plane (and the other carbon atom at an equal distance below it). 
This figure, however, is subject to an uncertainty of 0-03—0-04 A., chiefly in the y co-ordin- 
ate of the carbon atom, and in the true structure all the atoms quite probably lie strictly in 
one plane. The orientation of the molecule in the crystal may be described by giving the 
direction cosines of the line L joining the oxygen atoms (cf. Fig. 3), the line M taken per- 
pendicular to L and in the plane of the oxygen atoms, and their normal N. x, %, and 
are the angles these lines make with the a and 0d crystal axes, and their perpendicular. 
Then 

4 = 124-2°, cos x, = — 05615 yxu.= 47:2°, cos xy = 06795 yy = 61-8°, cos yy = 0-4722 
i} = 177-6°, cos%, = 02140 a = 115-6°, cos gy = — 0-4320 yy = 28-8°, cos yy = 0-8761 
wz = 37-0°, coswz = 0:7989 wy = 53°6°, coswy = 0°5937 wy = 84:4°, coswy = 0-0971 


EXPERIMENTAL. 


Oxalic acid dihydrate was crystallised from water in the form of slender prisms elongated 
along the b axis. Most of the (40/) reflections were recorded from a specimen cut to 0-5 mm, 
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in length and of roughly square cross-section, side 0-22 mm., weighing 0-038 mg. It was mounted 
on a thin glass fibre and completely immersed in a beam of uniform Cu-K, radiation, the 
reflections being recorded photographically with a moving-film camera. The films, calibrated 
with continuous wedges giving linear increments of X-ray intensity, were measured on the inte- 
grating photometer described by Robinson (J. Sci. Insir., 1933, 10, 233). The calculated 
absorption coefficient for oxalic acid dihydrate for 4 = 1-54 A. is u = 1-755 per mm., but as care 
was taken to employ specimens which presented very similar paths to the incident X-ray beam 
for the different reflections occurring during rotation, no separate absorption correction factors 
were applied to the relative intensity measurements. 

For the absolute intensity measurements, the two-crystal moving-film spectrometer 
(Robertson, Phil. Mag., 1934, 18, 729) was employed to calibrate the films with reflections of 
known absolute value. As the absorption corrections are large and important in the case of the 
absolute measurements, a further check was made by measuring the value of F for a few reflec- 
tions in monochromatic molybdenum rays on the ionisation spectrometer. The different 
determinations agreed to within 5% in terms of F. The structure factors, F, were calculated 
from the measured intensities by the usual formula for a mosaic crystal (compare this vol., 
p. 1197), and the results are given in Table II under “‘ F meas.”’. 

Fourier Synthesis.—The measured values of F for the (h0/) and the (0k/) reflections given 
in Table II are the coefficients in the Bragg double series for the density of scattering matter, 


l +o +0 
e(%, 2) = ac sin 6 loys al F(hOl) cos 2n(hx/a + lz/c) 
with a similar expression for the (0R/) zone. The structure has a centre of symmetry, hence the 
phase constant of each term is represented by the sign of F given in the last two columns of Table 
II, under “‘ F calc.”’. 

In making the projection along the b axis, corresponding to the (40/) zone of reflections, the 
series was summed at 450 points on the asymmetric unit (one quarter of the unit cell), the @ axis 
being subdivided into 30 parts (intervals of 0-204 A.), and the c axis into 60 parts (intervals of 
0-200 A.). For the @ axis projection, corresponding to the (0#/) zone, the series was again 
summed at 450 points, the b axis being subdivided into 30 parts (intervals of 0-120 A.), and the 
c sin 8 translation into 60 parts (intervals of 0-193 A.). From these arrays of summation totals 
the contour maps were prepared by drawing sectional graphs of each row and each column of 
figures, and plotting the course of the contour lines by interpolation, on a scale of 5 cm. to 1 A. 

Calculation of Structure Factors.—To determine the phase constants, the structure factors 
were first calculated from Zachariasen’s co-ordinates with the results shown in the fifth column 
of Table II. All the measured reflections were included in the Fourier synthesis with the 
exception of the four marked * for which the signs were considered doubtful. These amount to 
such a small fraction of the total F values that they can have very little effect on the final results. 
After completing the synthesis, all the structure factors were recalculated from the final values 
of the co-ordinates given in Table I, and the results are given in col. 4 of Table II. It will be seen 
that none of the signs of the terms employed in the Fourier synthesis have changed, showing that 
Zachariasen’s structure was an extremely good approximation. The way in which the calcu- 
lated values of the structure factors have improved as a result of the Fourier synthesis is shown 
by the following comparison, which gives the total discrepancies between the measured and 
calculated values expressed as a percentage of the total measured F values, for Zachariasen’s 
structure and for our final co-ordinates. 


(Ok/) (h02) All 
reflections. reflections. reflections. 
Zachariasen’s co-ordinates ...... 20-6% 15-6% 17-0% 
Co-ordinates of Table II ......... 13-1% 11-7% 12-0% 


The calculated F values are obtained from the relation F = Sf, where f is the atomic 
structure factor, and S the geometrical structure factor which assumes the form 


16S = X4 cos 2x(hx/a +- lz/c) cos 2xky/b when (h + k + J) is even 
16S = — 24 sin 2n(hx/a + /lz/c) sin 2xky/b when (h + k + J) is odd 


for the space group P2,/n, the summations being taken over the four atoms in the asymmetric 
unit. The factor 16 has been introduced because it is convenient to make the maximum value 
of S equal to unity. For the atomic factor f we have for the present employed a purely empirical 
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sin @ 
(A=1-54). 
0-262 
0-524 
0-786 
0-428 
0-856 
0-134 
0-267 
0-400 
0-533 
0-667 
0-800 


0-224 
0-252 
0-293 
0-342 
0-396 
0-454 
0-514 
0-575 
0-637 
0-700 
0-764 
0-828 
0-433 
0-448 
0-473 
0-504 
0-543 
0-586 
0-633 
0-684 
0-737 
0-792 
0-849 
0-645 
0-655 
0-672 
0-695 
0-723 
0-756 
0-795 
0-833 
0-880 
0-858 
0-866 
0-783 
0-650 
0-520 
0-391 
0-268 
0-162 
0-129 


F, 


meas. 


22-5 

11 
6-5 
9-5 


to 
a 


cr 


_ w 
Ot SS Owe 
cr cr 


i 


A 


OOM eH mR ereWaenDnawrrw kr oa Ww 
t 


AAA 


A 


or 


* 


nm t+t+++ 


F 


calc. 


to 
Feu @ 


ooo 


_ wo 
ene sb © 
cr 


or 


cr Sr 


11-5 


rn © 


— — 
cr Ot 


aa 


a — 
nN ow 
or or cr 


St St St St Ga St Gt 


cr 


a 


or 


m bo bo to 
Sens SCHEH CARRE NASH S10 wm wm ee 
oe he ee Om Ao ae 


ee p. 


TABLE II. 
Measured and Calculated Values of the Structure Factor. 


F 


calc. (Z.).t 


+ 155 
+ 75 
— 95 
4+ 45 
0 
+ 12-5 
— 115 
+ 23-5 
— 17-5 
— 19-5 
ss 


or 


ole 
t 
te 


w 
SO wm tat 


cr 


b+) +++14+41 
or or 


or or Sr 


— — 
Cro; RH RE WOT 6 a1 OO Om & 


cu 


b++t+14141 


cr 


“+ Lb+el +e i + | 
SUPE Oe Ik NI ON ASS 
or Se Sr cr St 


oor 


en ll el 
a 


or 


hkl. 
103 
105 
107 
109 
1011 
1013 
2010 
208 
206 
204 
202 
202 
204 
206 
208 
2010 
2018 
309 
307 
305 
303 
301 
301 
303 
305 
307 
309 
3011 
3013 
408 
406 
404 
402 
403 
404 
406 
408 
4010 
4013 


5011 


608 


The Structure of the Carboxyl Group. 


sin 0 F, 
(A=1-54). meas. 
0-207 4* 
0-323 32-5 
0-449 13-5 
0-577 8-5 
0-709 21 
0-840 < 55 
0-784 <6 
0-659 10-5 
0-536 20 
0-421 12-5 
0-325 38 
0-259 5* 
0-318 43 
0-413 3 
0-525 < 4:5 
0-645 8-5 
0-770 <6 
0-806 8 
0-691 <5 
0-583 <5 
0-488 3-5 
0-416 ll 
0-379 4 
0-390 18 
0-439 14 
0-520 5-5 
0-620 21 
0-730 <5 
0-847 < 55 
0-849 7-5 
0-744 <5 
0-650 19 
0-575 6-5 
0-504 27:5 
0-518 5 
0-565 <5 
0-636 <5 
0-725 <i 
0-825 < 5-5 
0-813 5 
0-736 11 
0-676 8-5 
0-639 <5 
0-631 9 
0-648 6 
0-691 22 
0-755 <6 
0-838 < 5-5 
0-832 < 5-5 
0-761 <6 
0-756 8-5 
0-778 8-5 
0-818 < 6:5 
T See p. 1822. 








* 


F, 
calc. 


| 


SOME ww 


Lf 


ltl +++) 


ae at 


| 


I+l1++ 1 
bo 


ws 
te oO 


ao 


7 
oO 
or onan 


to 
POSH VAD 
or or cr or oo 


9-5 


bd 
co 


ititi 


IOP IwWAKWADAIP DS 


| 


Litl+++] 


i++ | 





ao 


oo 


ah 


21-5 


11-5 








1824 Smith : 


function found suitable for an organic compound of this type, consisting chiefly of oxygen atoms. 
The f-values used are as follows : 
sin @ (A = 1°54) ........000005 0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 
J ceccceccccccccscosccecevecscccece 106 86 70 57 45 34 25 16 

The maximum value of f, at sin 6 = 0, may be taken as F(000) = 132, the total number of 
electrons in the unit cell. In making use of this composite f-curve, the carbon and oxygen 
atoms have been weighted in the ratio of 6 to 10, instead of in the ratio of their atomic numbers, 
6 to 8. This weighting is suggested by the heights of the peaks in the electron-density maps. 
Such an approximate method of using a single composite f-curve, with an adjustment on the 
weighting of the different atoms, is not entirely satisfactory, but we have found it sufficiently 
accurate for practical purposes, and convenient for lengthy computations (compare Nature, 
1936, 188, 683). The composite curve given above is much below the theoretical f-curve for 
oxygen, as might be expected from the comparatively large thermal movements of the atoms. 


SUMMARY. 


The structure of oxalic acid dihydrate has been determined by a Fourier synthesis from 
the X-ray crystal data, absolute measurements of intensity for two zones of reflections 
being employed. Zachariasen’s preliminary structure is confirmed, and more accurate 
values are given for the 12 parameters of the structure. A small difference in the C—O 
distances of the carboxyl group is indicated (1-24 and 1-30 A.), and the presence of the 
water oxygen atom at 2-52 A. from one of the carboxyl oxygens indicates the formation of a 
true hydrogen bond. The other carboxyl oxygen atom (probably the hydroxyl) is almost 
equidistant, at 2-87 and 2-84 A., from two other water oxygens, distances which in this case 
indicate hydroxyl bonds. The C—C distance in the oxalic acid molecule is only 1-43— 
1-45 A., indicating the presence of certain double-bond properties in this link, presumably 
due to conjugation of double bonds in adjacent carboxyl groups. This result offers an 
explanation of the invariance of the coplanar structure of the oxalate radical in the different 
crystalline modifications of the acid and its salts. 


In conclusion, we wish to thank Professor Zachariasen for supplying us with numerical 
details of his work, and we are indebted to Sir William Bragg for the interest he has taken in 
the investigation. 

Tue Davy FarRapDAY RESEARCH LABORATORY, 
Tue Royat INstTITUTION, Lonpon, W. 1. [Received, October 10th, 1936.} 





405. Heats of Activation in the Mutarotation of Glucose. 
Part I. Catalysis in Sodium Hydroxide Solutions. 


By GILBERT F. SMITH. 


Tue determination of the catalytic coefficient for the hydroxyl ion in the mutarotation of 
glucose presents considerable difficulty, mainly because of its extraordinary magnitude, 
which necessitates measurements in solutions of extremely small hydroxyl-ion concentra- 
tion. If these are obtained by means of a buffer or carbonates, it is necessary, as pointed 
out by Brénsted and Guggenheim (J. Amer. Chem. Soc., 1927, 49, 2554), to allow for the 
contribution to the total catalytic effect made by these catalytically active substances. 
This is not easy to assess precisely and it is preferable to eliminate it entirely, as was first 
done successfully-by Lowry and Wilson (Trans. Faraday Soc., 1928, 24, 683), by the use 
of faintly alkaline unbuffered solutions. The interpretation of the results is then much 
simpler, but the assumption that basic catalysis is due solely to hydroxy] ions is not neces- 
sarily correct, since it neglects possible effects due to glucosate ions, which must be present 
in perceptible amounts in alkaline solutions. The strongly basic character of these ions 
suggests, indeed, a very considerable catalytic activity, which should be taken into account 
in the evaluation of kgg. This has been attempted in the present experiments, in which 
mutarotation has been studied in dilute solutions of sodium hydroxide. 
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In such a solution, the observed velocity is the sum of partial velocities, viz., 
Vows. = Vago + Von + Va = Vuyo + Fon -Con + Pele 


where the subscript G relates to the glucosate ion, or, writing Vops. — Vio = Veorr, then 
V corr. [Ca = ka + Row-Con/Cg, and since Coy is defined by the relation Cgg .Coy/Cg = 
K,/Kq = Ky, where K, refers to the equilibrium GH @ G’ + H’, the above expression 
may be rewritten as 


V corr. /Cq = Rg +. K, . Ron/Cex . . . . . . . (1) 


It follows that in a series of solutions in which both Cg and Cgy are varied, the plot of 
V corr,/Cq against 1/Cgyq will be a straight line, the intercept of which gives kg and the slope 
of which is K,.2oy. This will be valid only if no medium effect accompanies the alteration 
in the glucose concentration. The figures given below show this to be the case, since the 
velocity coefficient for mutarotation in water at 15° is independent of the concentration of 
glucose : 


a EE Ss cal vescecues 0-759 0-512 0-410 0-327 
POPPED cok Lisi cdccvseddictceds 898 894 895 900 


The applicability of equation (1) has been tested by measurements at 0°, 5°, 10°, and 15°. 
Similar results were obtained at each temperature, those for 0° and 10° being given in Table 
I. At 0° the glucose concentration ranged from 0-774M to 0-257M, and that of sodium 
hydroxide from 7:78 x 10° to 2:09 x 10°M. At 10° the concentrations were restricted 
to a narrower range by the necessity of keeping the velocity at a reasonably slow value, 
susceptible of accurate measurement. 


TABLE I. 
Mutarotation of glucose in sodium hydroxide solutions at 0°. 

Gee saitnstearinintinindes 0-774 0-724  0-7365 0-739 0495 0-403 0-336  0-2574 
Cmeon X 10° .........06 7-88 5-95 3-035 1520 4075 3-020 2093 2-115 
Ce BF dinncisecssscis 7°82 5-90 3-01 1-507 4-02 2-97 2-055 2-065 
i ceateiahucenineninten 0-100 0-0788  0-0404 00213 0:0691 0:0595  0-0466  0-0570 
sai, ‘shodeaestuuesensn 0-0983 0-0771 0-0387 0:0196  0-0674  0-0578  0-0449  0-0553 
TAMMIE ninsonnpancpund 12-6 13-1 12-9 13-0 16-8 19-4 21-8 26-8 
Vecrr./Cg, calc.* ...... 12-6 13-1 12-9 12-9 16-7 19-4 22:1 27-3 

PO | sessvebilinbitcoseses 00410 00-0309 00154 00079 0-0212 00157 00109 90-0110 


* Calculated from Voorr,/Cq = 5:2 + 5-7/Caun. 


Mutarotation of glucose in sodium hydroxide solutions at 10°. 


Gite | vceusessdiscncscocecs 1-117 1-107 0-946 0-724 0-718 0-617 0-512 0-503 
Conem X_ 10° «20020000008 1-810 1-816 1-845 1-683 1-412 1-363 1-229 1-223 
Ga XK BOF wncccecvcescecs 1-797 1-803 1-829 1-664 1-396 1-340 1-209 1-203 
Wh, Sogeescessnencgqcass 0-0712 00710  0-0805 0-0875 0-0730 0-0786 0:0810  0-0808 
PUM oosepcecbstcitdedebess 00659 0-0657 00-0752 0-:0822 00677 00-0733 00-0757 0-0755 
Veser [Cq. acreccersereees 36-7 36-4 41-1 49-4 48-5 54-7 62-6 62-7 
Veorr,/Ca, calc. ft «..... 37-0 37-1 40-8 48-4 48-7 54-1 62-0 62-7 


CBRL RL 0-0284 0-0285 0-0290 0-0264 00222 0-0214 0-0193 0-0192 
tT Calculated from Veoor,/Cg = 15:7 + 23-7/Can. 


In rows 1 and 2 respectively are given the concentrations of free glucose and of titratable 
sodium hydroxide. The concentrations of the glucosate ion given in the third row have 
been calculated from the figures in rows 1 and 2, K; being taken as 6 x 10° at 0° and 
8 x 10° at 10° (see p. 1826). A comparison of the figures in rows 2 and 3 shows that the 
hydrolysis of the glucose salt does not exceed about 2%, and that consequently a consider- 
able error in the values assigned to K, would cause no appreciable alteration to the values 
of Cg. The figures given in row 5 for V,,,,, are obtained by subtracting from the observed 
velocities (row 4) that due to water, which is 0-001715 at 0° and 0-00532 at 10°, all velo- 
cities being expressed in the units 1./g.-mol.-min. The resulting values of V.o,,/Cg are 
given in row 6, and in row 7 those calculated by means of the equation at the foot of each 
table. It will be seen that these equations reproduce the experimental results with con- 
6A 
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siderable accuracy, the maximum divergence being about 2%, which is not greater than the 
possible experimental error. The values obtained for the catalytic coefficient for the 
glucosate ion are 5-2 at 0°, and 15-7 at 10°, which indicate a catalytic activity over 
100 times greater than that for the hydrion at the same temperature. The partial velocities 
due to the glucosate ion given in the last rows of the tables show that in all the solutions 
investigated it accounts for a considerable proportion of the total velocity, this proportion 
varying from about 18% to 41%. 

The results obtained for all four temperatures are summarised in Table II. The heat of 


TABLE II. 
Temp. kg. ke, calc. Ki, ° Rou. Ky ° Row calc. Ron. 
0° 5-2 5-2 5-7 57 930 
5 9-2 9-1 12-0 11-8 1700 
10 15-7 15-6 23-7 23-9 2950 
15 26-3 26-4 47-2 47:3 5100 


activation for catalysis by the glucosate ion derived from the figures in col. 2 is 17,000 cals. 
The reaction conforms closely to the Arrhenius equation, as is shown by the numbers in 
col. 3, which are calculated from the expression logy) kg = 14-336 — 17,000/2-3026RT. 

In order to obtain the heat activation for hydroxyl-ion catalysis, Epox, it is preferable to 
use as a basis the reasonably accurate values of K;,. ko (Table II, col. 4), rather than those 
of Roy itself, the accuracy of which is limited by the uncertainty as to the values of K,, 
The figures given in col. 5, which are calculated from the equation log,) K,, . Roy = 18-387 — 
22,000/2-3026RT, show that the effect of temperature on K,,. Rog can be represented by an 
Arrhenius equation, with an apparent heat of activation, E’, of 22,000 cals. This is not 
Eon, Which, as shown below, is less by an amount Q,, representing the beat of hydrolysis 
of sodium glucosate. Since, from the above, log K, + log Rog = const. — E’/RT, then 


dlog K,/d€T + dlog koy/dT = E'|RT? 
and hence Q,/RT? + Eoy/RT? = E'/RT? 
or Eon = E'—Q, 


To evaluate Ep, it was necessary to undertake the calorimetric determination of Q,,, since 
no value was available. This work is not yet completed, but the preliminary measurements 
of the heat of neutralisation of glucose by sodium hydroxide show that it is approximately 
4300 cals. at 20°; Eo, is thus 22,000 — 4300 = 17,700 cals. This can be regarded as sub- 
stantially correct, although it may be necessary to amend it somewhat if the variation of 
Q,, with temperature proves to be considerable. 

In the last col. of Table II are given values for Roy, calculated from the corresponding 
values of K,.Roy and K,. The latter are derived from 5K, Q, being assumed to be 4300 cals. 
The value adopted for .,K; is 1-05 x 10°, obtained by taking .,K, = 6:5 x 107 (Olander, 
Z. anorg. Chem., 1925, 136, 61) and ,,K, = 6-8 x 10° (Harned and Hamer, J. Amer. 
Chem. Soc., 1933, 55, 2194). This value of K,, refers to pure water, but its use in this case 
is probably justifiable, for it may be assumed that the effect of the presence of glucose will 
be similar to that of glycerol, which produces no noticeable alteration in K,, (Colvin, J., 
1925, 127, 2788). The only trustworthy previous determination of ko, is that of Lowry 
and Wilson (loc. cit.), who for 20° obtained kp; = 8000. Anextrapolation of the present 
results to this temperature, with Ey,, = 17,700 cals., gives ooo4 = 8800. This close agree- 
ment must, to some extent, be fortuitous, for, since Lowry and Wilson’s value includes 
glucosate-ion catalysis, the true value of Rog will be less. The real discrepancy is probably 
of the order of 30°, which is not excessiye in view of the difficulties involved in the 
determinations. It is possibly due to the difference in the values assigned to K,, in the 
two investigations. 

It is proposed to discuss in a later paper the bearing of these results and of others on 
current views of reaction mechanism. One point may, however, be referred to here. This 
is in connexion with the theory of acid and basic catalysis advocated principally by Euler, 
according to which an instantaneous reaction takes place between the acid or basic catalyst 
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and the substrate with the formation of a highly reactive ion, which then undergoes a spon- 
taneous change at the measured reaction rate. In an alkaline glucose solution, this reactive 
ion is identified with the glucosate ion (Euler and Olander, Z. anorg. Chem., 1926, 152, 113), 
and the catalytic effect of the hydroxy] ion is attributed solely to its ability to increase the 
concentration of this ion. The experimental basis for this view was found in the apparent 
proportionality between the acceleration produced and the concentration of glucosate ions 
in the solution (Trans. Faraday Soc., 1928, 24, 651) as represented by the relation V,,,.. = 
const. x Cg. Thisis seen to be incompatible with the equation (1), except in the special case 
when Cg, is maintained constant. In general, no proportionality exists between V,,,,,. and 
Cg, and the basic catalysis of mutarotation cannot, therefore, be explained in terms of the 
glucosate ion in the manner Euler has suggested. 


EXPERIMENTAL. 


Thermostatic Arrangements.—In order to obtain temperatures below that of the room, a 
refrigerator was used in conjunction with the thermostat, which consisted of a well-lagged copper 
bath of about 25 gallons capacity and fitted with electrical regulator, heating lamp, and stirrer. 
The refrigerator compressor was of the air-cooled type, methyl chloride being the refrigerant, 
and had an extraction capacity of about 1000 B.T.U. per hour. A special cooling unit was sup- 
plied by the makers (Messrs. Automatic Refrigerators Ltd., London) and consisted of a spiral 
coil of tinned copper tubing, about 12” long and 7” in diameter. This was fixed in a vertical 
position, completely immersed in the water, near one end of the bath, with the compressor 
mounted on a wooden stand in close proximity. The refrigerator was run continuously, and a 
steady temperature secured by the intermittent action of a 300-watt heating lamp. By this 
means, merely by adjusting the thermoregulator, any temperature between that of the room and 
0° could be reached, and could be maintained to + 0-02°. Enough ethylene glycol was added 
to the water in the bath to lower the freezing point to about — 2°, and under these conditions, 
with adequate stirring, no freezing of the liquid on the cooling coil takes place. The apparatus 
has been in use for about 18 months and has proved entirely satisfactory. 

Kinetic Measurements.—The reaction velocities were measured polarimetrically, the mercury 
green line, A = 5461, being used as a source of illumination. The 2-dcm. jacketed polarimeter 
tube was kept at constant temperature by a rapid flow of water from the thermostat, with pre- 
cautions to avoid alterations in the temperature of this water during its circulation. The short 
delivery tube from the thermostat, and the polarimeter tube, were both surrounded by efficiently 
lagged outer casings, leaving an annular space between. A rapid current of air, which had 
attained thermostat temperature by passage through a metal coil immersed in the water, was 
blown through this annular space over the entire lengths of delivery and polarimeter tubes. 
This insulation proved adequate, since the change in temperature of the water during circulation 
did not exceed + 0-02°, even under the most adverse conditions. 

The unbuffered nature of the solutions and the extreme dilution of the sodium hydroxide 
necessitated all the essential manipulations being carried out in an atmosphere free from carbon 
dioxide. Therefore, throughout each of the operations of (a) filling a small burette with standard 
sodium hydroxide, (b) running a measured volume of the sodium hydroxide from the burette, 
(c) dissolution of the glucose in water, (d) mixing of these solutions, and (e) transfer of the 
mixture to the polarimeter tube, the liquids were either in a closed vessel swept free of carbon 
dioxide, or were protected by a rapid stream of carbon dioxide-free air passing through or around 
the liquid. The velocity measurements were reproducible to about 2%, which indicates that 
contamination of the solutions with carbon dioxide had been practically eliminated. The con- 
centration of glucose in the reaction mixture was obtained by comparison of the final rotatory 
power of the solution with that given by glucose solutions of known concentration. Since there 
was a known weight of glucose in the solution, this gave the final volume of the solution, which 
then allowed of the calculation of the concentration of sodium hydroxide from the quantity 
taken. 

Materials.—B.D.H. AnalaR dextrose was employed and gave a velocity coefficient for muta- 
rotation in water of 0-0147 at 20°, as compared with the standard value of 0-0146 (Richards, 
Faulkner, and Lowry, J., 1927, 1733). A portion was crystallised from aqueous alcohol, but the 
velocity of mutarotation in water and in alkaline solutions was unchanged, indicating the 
absence of any appreciable amount of catalytically active impurity. Sodium hydroxide was 
prepared free from carbonate, and stored in a silica flask at a concentration of about 0-OLN. 
No change in normality was detectable during a period of one month. 
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SUMMARY. 


1. It has been shown that the glucosate ion is an active catalyst in the mutarotation of 
glucose in alkaline solutions, and values have been derived for the catalytic coefficients of 
glucosate and hydroxyl ions at 0°, 5°, 10°, and 15°. 

2. The heats of activation are 17,000 cals. and 17,700 cals. respectively for glucosate- 
and hydroxyl-ion catalysis. 


The author is indebted to his wife for assistance with the experiments and to Professor 
H. M. Dawson, F.R.S., for his interest in the work. 
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406. Constituents of the Bark of Zanthoxylum americanum (Mill). 
Part II. Xanthyletin. 


By (Miss) JANET C. BELL and ALEXANDER ROBERTSON. 


In Part I (this vol., p. 627) it was observed that the main difficulty endountered in the 
preparation of pure xanthoxyletin was due to the presence (in smaller amount) of another 
substance having approximately the same solubilities. This compound, which we have 
named xanthyletin, was first isolated by hand from mixtures of comparatively large crystals 
obtained on concentration of some alcoholic residues, but was subsequently observed to 
separate from several of the filtrates during the purification of xanthoxyletin. So far the 
isolation of the pure material has been to some extent fortuitous, because when, as often 
happens, the crude solid from the alcoholic filtrates contains a considerable proportion of 
xanthoxyletin, purification by fractional crystallisation is extremely tedious and un- 
economical. This is due apparently to the tendency of the two compounds to form a mixed 
crystal melting at about 100—105°. Fortunately sufficient xanthyletin has been collected 
to enable us to investigate its composition. 

Xanthyletin, which is devoid of hydroxyl, methoxyl, or reactive carbonyl groups and 
has the empirical formula C,,H,,O, corresponding to a demethoxyxanthoxyletin, closely 
resembles xanthoxyletin in chemical properties and consequently the investigation of its 
structure has followed the lines adopted for the latter compound. The behaviour of the 
substance with alcoholic sodium hydroxide is identical with that of xanthoxyletin, indicating 
the presence of an a-pyrone system, and on fission with boiling 25°% aqueous sodium hydr- 
oxide it yields acetone and resorcinol. With brornine water and with aqueous potassium 
permanganate xanthyletin behaves as an unsaturated compound, and on catalytic hydro- 
genation it forms a dthydro-derivative. By means of methyl sulphate and aqueous sodium 
hydroxide according te Canter and Robertson’s procedure (J., 1931, 1875) xanthyletin gave 
rise to O-methylxanthyletinic acid, and dihydroxanthyletin to O-methyldihydroxanthyletinic 
acid; on catalytic hydrogenation both acids yield the same O-methyltetrahydroxanthyletinic 
acid, ° 
Ozonolysis of xanthyletin was accompanied by the loss of four atoms of carbon and 
furnished a product, C,>H,O,, which had the properties of an o-hydroxy-aldehyde, giving 
a ferric reaction and forming a phenylhydrazone, and on catalytic reduction gave rise to a 
phenolic deoxy-derivative, C,)H,O3;, devoid of aldehydic properties. By analogy with 
apoxanthoxyletin (Part I, loc. cit.) it seemed likely that the compound C,,H,O, was either 
7-hydroxy-6-formyl- (I, R = CHO), 7-hydroxy-8 formyl-, or 5-hydroxy-6-formyl-coumarin 
and consequently that the reduction product was (I, R = Me), 7-hydroxy-8-methyl-, or 
5-hydroxy-6-methyl-coumarin. Comparison of the properties of the substance C,,H,O, 
with those of Spath and Pailer’s 7-hydroxy-8-formylcoumarin (Ber., 1935, 68, 940) showed 
that the two compounds were not identical, but it was found that the deoxy-compound 
C,9H,O, was identical with 7-hydroxy-6-methylcoumarin (I, R = Me) synthesised from 
2 : 4-dihydroxy-5-methylbenzaldehyde. Therefore the compound C, gH,O, is 7-hydroxy- 
6-formylcoumarin (I, R = CHO). 
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Application of the arguments employed in the deduction of two possible structures for 


xanthoxyletin (Part I, loc. cit.) to the foregoing experimental results * leads to the conclusion 
that xanthyletin is represented by either (II) or (III) and, since it has recently been shown 
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in these laboratories (private communication from Mr. T. S. Subramanian) that xanth- 
oxyletin is a 2: 2-dimethylchromeno-a-pyrone, therefore it is reasonably certain that 
xanthyletin is represented by the structure (II). Consequently dihydroxanthyletin, 
O-methylxanthyletinic acid, O-methyldihydroxanthyletinic acid, and O-methyltetrahydro- 
xanthyletinic acid have formule (IV), (V), (VI), and (VII) respectively. 


EXPERIMENTAL. 


Xanthyletin.—On being kept, some of the alcoholic liquors left from the purification of 
xanthoxyletin deposited crystals of xanthyletin contaminated only by small amounts of xanth- 
oxyletin. This material was extracted once with boiling light petroleum (b. p. 60—80°), the 
extract discarded, and the residue repeatedly crystallised from 95% alcohol, being finally 
obtained in colourless or almost colourless, comparatively large, flat prisms, m. p. 128—128-5°. 
For analysis the compound was recrystallised from light petroleum (b. p. 80—100°), in which it 
is sparingly soluble, forming colourless, elongated, flat prisms (Found: C, 73-6; H, 5-2; M, 
219, 213. C,,H,,0, requires C, 73-7; H, 5-3%; M, 228). The solubilities of this substance in 
the usual organic solvents are almost identical with those of xanthoxyletin. A mixture of 
approximately equal parts of the two compounds melted at 100—105°. 

In some cases where large crystals were deposited by the mother-liquors from xanthoxyletin 
it was possible to separate the two compounds manually, a procedure which was considerably 
assisted by the tendency of xanthyletin to separate from these concentrates in yellow or pale 
yellow crystals. Purification of the coloured material finally gave a colourless product. 

So far it has not been possible to estimate accurately the total amounts of xanthyletin and 
xanthoxyletin present in the bark because a complete separation of all the residues from any 
particular batch of bark has not been effected. 

Xanthyletin readily decolorises aqueous potassium permanganate and bromine water and 
forms an orange-red solution in concentrated sulphuric acid which becomes red and then dark 
brown on warming, identical with that obtained from xanthoxyletin. Dilution of this solution 
with water, however, gives a pale yellow liquid which exhibits a strong violet fluorescence in 
sunlight; a similar solution prepared from xanthoxyletin exhibits only a faint fluorescence 
under the same conditions. Xanthyletin does not form acyl derivatives and does not react with 
semicarbazide acetate or phenylhydrazine. 

Dihydroxanthyletin.—Xanthyletin (1 g.), dissolved in alcohol (150 c.c.) containing palladium 
chloride (0-05 g.), rapidly absorbed hydrogen (approx. 1 mol.) at atmospheric pressure. On 
concentration and subsequent dilution with water the filtered alcoholic solution deposited the 
almost pure dihydro-derivative, which separated from light petroleum (b. p. 60—80°) in colourless 
needles (0-7 g.), m. p. 124—125° (Found: C, 73-1; H, 6-1; M, 225, 224. (C,,H,,O, requires 
C, 78:1; H, 61%; M, 230). This substance is readily soluble in alcohol and sparingly soluble 
in hot water, from which it separates on cooling. 

O-Methylxanthyletinic acid was prepared from xanthyletin (3 g.) by means of methy] sulphate 


* The degradation of xanthyletin to a-hydroxyisobutyrie acid has not been carried out, but the pro- 
duction of acetone by hydrolytic fission is considered sufficient to indicate that the C, residue has the 
isoprene skeleton. 
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(100 c.c.) and 20% aqueous sodium hydroxide according to the method employed for the prepar- 
ation of O-methylxanthoxyletinic acid (Part I, loc. cit.) and purified by crystallisation (3 times) 
from a small volume of methyl] alcohol and then from 50% methyl alcohol, forming elongated, 
pale greenish-yellow prisms, m. p. 193—194° (decomp.) after sintering at 188°, readily soluble in 
alcohol or warm benzene [Found: C, 69-2; H, 6-3; OMe, 13-0. C,,H,,0,;(OMe) requires 
C, 69-2; H, 6-2; OMe, 11-9%]. The preparation of this compound did not appear to proceed so 
smoothly as that of O-methylxanthoxyletinic acid and the crude product was accompanied by 
a considerable amount of resinous matter. 

O-Methyldihydroxanthoxyletinic Acid.—Prepared from dihydroxanthyletin by the afore- 
mentioned procedure, this acid separated from benzene-light petroleum (b. p. 60—80°) and then 
from dilute methyl alcohol (charcoal) in colourless needles, m. p. 141—142° (Found: C, 68-6; 
H, 7-0. C,,;H,,O, requires C, 68-7; H, 6-9%). It is readily soluble in alcohol, acetic acid, or 
benzene. 

[With T. S. SUBRAMANIAM]. O-Methyltetrahydroxanthyletinic Acid.—Hydrogen (2 mols.) 
was rapidly absorbed (3 minutes) by O-methylxanthyletinic acid (0-2 g.) in acetic acid (15 c.c.) 
containing activated charcoal (0-5 g.) and aqueous palladium chloride (0-5 c.c. of a 10% solution). 
The reaction mixture was filtered, the charcoal washed with warm acetic acid, the combined 
filtrate and washings evaporated in a vacuum, and the residual oil triturated with water (10 c.c.). 
Crystallisation of the resulting solid from light petroleum (b. p. 60—80°) gave the acid in colour- 
léss flat prisms (0-13 g.), m. p. 99—100° (Found: C, 68-2; H, 7-7. C,;H»O, requires C, 68-2; 
H, 7-6%). 

Hydrogenation of O-methyldihydroxanthyletinic acid (0-2 g.) under the same conditions 
gave rise to the same acid, m. p. and mixed m. p. 99—100° (Found : C, 68-5; H, 7-7%). 

Hydrolytic Fission of Xanthyletin.—25% Aqueous sodium hydroxide (100 c.c.) containing 
well-powdered xanthyletin (3 g.) was refluxed for 1 hour; the solid dissolved in }—} hour, 
forming a dark brown solution, which was then distilled with the gradual addition of water to 
keep the volume of the reaction mixture constant. The distillate (200 c.c.) collected in the 
course of 2} hours gave, on treatment with 2 : 4-dinitrophenylhydrazine hydrochloride in hydro- 
chloric acid, an orange precipitate (0-8 g.), which crystallised from a little warm alcohol in 
orange-red needles, m. p. about 105°. Repeated crystallisation of this material from 50% acetic 
acid, alcohol, methyl alcohol, and finally alcohol gave acetone-2 : 4-dinitrophenylhydrazone, 
m. p. 126°, undepressed by admixture with an authentic specimen, m. p. 128° (Found : C, 45-5; 
H, 4:5. Calc. for C,H,,O,N,: C, 45-4; H, 4-2%). 

The cooled alkaline liquor remaining in the distilling flask was acidified with hydrochloric 
acid (Congo-red) and extracted several times with ether, the combined extracts were evaporated, 
the residue dissolved in a little warm water, and the solution filtered to remove a small amount 
of solid. Extraction of the acidified aqueous filtrate with ether gave resorcinol, which was 
purified by crystallisation from benzene, followed by sublimation in a vacuum, forming the 
characteristic sublimate, m. p. 108—109°. Mixed with an authentic specimen, m. p. 110°, 
it melted at 109—110°. A mixture of the product once recrystallised from benzene with an 
excess of p-nitrobenzoyl chloride in a little dry pyridine was kept at 60° for 15 minutes and then 
at room temperature for 2 days. The solid precipitated with excess of dilute hydrochloric 
acid was washed with water and extracted with aqueous sodium bicarbonate, leaving a residue 
of the di-p-nitrobenzoate of resorcinol, which separated from benzene—alcohol and then acetic 
acid—alcohol in colourless plates or needles, m. p. 184—185°, identical in every way with an 
authentic specimen (Found: C, 59-0; H, 2-9%). The authentic specimen was prepared 
from pure resorcinol in the same manner, m. p. 184—185° after purification (Found : C, 58-9; 
H, 3-0; N, 6-9. C.9H,,O,N, requires C, 58-8; H, 2-9; N, 6-9%). 

7-Hydroxy-6-formylcoumarin (I, R = CHO).—A slow stream of ozone and oxygen was passed 
into a solution of xanthyletin (1 g.) in dry chloroform (125 c.c.) for 1? hours and after evaporation 
of the solvent the. product was left in contact with water (50 c.c.) at room temperature for 24 
hours. The mixture was then warmed on the .water-bath for } hour and, after cooling, the 
solid was collected and well ground with 1%, aqueous sodium hydroxide (20 c.c.). Acidification 
of the filtered alkaline extract with hydrochloric acid gave the hydroxyformylcoumarin, which 
formed tiny prisms (0-2—0-3 g.), m. p. 253° (decomp.), from acetic acid (charcoal) (Found : 
C, 63-0; H, 3-4. Cy9H,O, requires C, 63-2; H, 3-2%). This compound is soluble in alcohol or 
ethyl acetate and insoluble in carbon tetrachloride, forms a yellow solution in aqueous sodium 
hydroxide, and gives a deep port-wine coloration with alcoholic ferric chloride. It gave a faint 
coloration with Schiff’s reagent, a silver mirror with ammoniacal silver nitrate at 60°, and a 
2 : 4-dinitrophenylhydrazone. 
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On being warmed with excess of phenylhydrazine in acetic acid, the hydroxyformylcoumarin 
yielded a phenylhydrazone, which formed yellow prisms, m. p. 255—257° (decomp.), from alcohol 
(Found: N, 10-0. C,.H,,0O,N, requires N, 10-0%). 

7-Hydroxy-6-methylcoumarin (I, R = Me).—(A) A mixture of 2: 4-dihydroxy-5-methyl- 
benzaldehyde (Gattermann, Annalen, 1907, 357, 340) (2 g.), sodium acetate (2 g.), and acetic 
anhydride (20 c.c.) was kept at 180—185° for 18 hours. On isolation in the usual manner the 
acetate of the coumarin separated from a small volume of alcohol in long colourless needles, 
m. p. 145—146° (Found : C, 65-8; H, 4-8. C,,H, 90, requires C, 66-1; H,4-6%). This material, 
dissolved in the minimum amount of alcohol, was deacetylated by warm 8% aqueous sodium 
hydroxide in 5 minutes. Acidification of the dark solution gave the coumarin, which, after 
having been crystallised from dilute alcohol (charcoal) and sublimed in a high vacuum, separated 
from dilute alcohol in masses of long needles, m. p. 248° (Found: C, 68-3; H, 4-7. Cj gH,O; 
requires C, 68-2; H, 46%). This compound, which has a negative ferric reaction and is readily 
soluble in methyl alcohol and sparingly soluble in water, exhibits an intense blue fluorescence in 
aqueous alcohol. A cleaner product was subsequently obtained by deacetylation with a boiling 
mixture of alcohol and concentrated hydrochloric acid. 

(B) 7-Hydroxy-6-formylcoumarin (0-3 g.), dissolved in acetic acid (150 c.c.), was reduced 
with hydrogen (approx. 2 mols. absorbed) and a palladium-—charcoal catalyst (from 0-1 g. of 
palladium and 1-2 g. of activated charcoal). Evaporation of the filtered solution in a vacuum 
left 7-hydroxy-6-methylcoumarin, which was purified by sublimation in a high vacuum and 
crystallisation from dilute alcohol, forming characteristic needles, m. p. 248°, undepressed by 
admixture with the synthetical compound (Found: C, 68-5; H, 4-7%). The solubilities and 
fluorescence of this material were identical with those of the authentic specimen. 

In another experiment the coumarin was isolated with ether from the filtered reaction mixture 
which had been almost neutralised with aqueous sodium bicarbonate. 
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407. Hydroxy-carbonyl Compounds. Part XII. 
5 : 7-Dihydroxycoumarin. 
By REGINALD G. HEYEs and ALEXANDER ROBERTSON. 


In the course of some unsuccessful experiments on the syntheses of 2 : 2-dimethylchromans 
from coumarins undertaken in connection with studies on toxicarol and xanthoxyletin 
(this vol., p. 627) we were led to investigate the synthesis of 5 : 7-dihydroxycoumarin and 
its naturally occurring dimethyl ether, citropten or limettin (Tilden and Burrows, J., 
1902, 81, 508). According to Herzig and Wenzel (Monatsh., 1903, 24, 864) application 
of the Perkin reaction to phloroglucinolaldehyde gave only 2 : 4 : 6-triacetoxybenzylidene 
diacetate, but Gattermann (Amnalen, 1907, 357, 345) claims to have obtained 5: 7-di- 
acetoxycoumarin by the same procedure. In their paper on the acetylation of o-hydroxy- 
aldehydes Malkin and Nierenstein (J. Amer. Chem. Soc., 1931, 58, 239) direct attention to 
the contradictory results described by these authors, but appear to have overlooked the 
statement of Schmidt (Arch. Pharm., 1904, 242, 294), who claims to have synthesised 
citropten, thereby confirming the views of Tilden and Burrows (loc. cit.) regarding the 
nature of this substance. Further, Malkin and Nierenstein apparently consider that the 
failure on the part of Herzig and Wenzel to obtain the coumarin from phloroglucinol- 
aldehyde lies in the facile formation of the benzylidene diacetate, which they regard as 
inhibiting coumarin formation. 

It has now been found that, on being heated with sodium acetate and acetic anhydride, 
phloroglucinolaldehyde and 2 : 4 : 6-triacetoxybenzylidene diacetate severally gave excellent 
yields of 5 : 7-diacetoxycoumarin, which on deacetylation yielded 5 : 7-dihydroxycoumarin. 
The dimethy] ether of the latter was identical with citropten and with a specimen obtained 
from 2-hydroxy-4 : 6-dimethoxybenzaldehyde (a) by means of the Perkin reaction and 
(b) by the cyanoacetic acid method. 

The facile production of 2: 4: 6-triacetoxybenzylidene diacetate and its conversion 
into 5: 7-diacetoxycoumarin make it clear that, in the present instance at least, this 
compound is an intermediate in the coumarin synthesis and hence the formation of 











1832 Birch, Robertson, and Subramaniam: Experiments on the 


benzylidene diacetates is not necessarily a retarding influence in the synthesis of coumarins 
by the Perkin reaction. It may well be that under certain conditions the production of 
a benzylidene diacetate is the preliminary step in the Perkin reaction (compare Perkin, 
J., 1886, 49, 318). 

EXPERIMENTAL. 

5 : 7-Dimethoxycoumarin-3-carboxylic Acid.—A mixture of 2-hydroxy-4 : 6-dimethoxybenz- 
aldehyde (5 g.), 20% aqueous sodium hydroxide (8 c.c.), and aqueous cyanoacetic acid (16-3 
c.c. of a solution prepared according to the directions of Phelps and Tillotson, Amer. J. Sci., 
1908, 26, 267) was agitated for 2 hours; the sodium derivative which originally separated 
slowly dissolved. Next day the brown solution was acidified (Congo-red) with hydrochloric 
acid and the yellow amorphous precipitate of 4: 6-dimethoxysalicylidenecyanoacetic acid 
(6-5 g.) was collected, washed, and purified by the aid of aqueous sodium bicarbonate. On 
being heated with dilute hydrochloric acid (50 c.c.) for 4 hour, this compound, m, p. 205° 
(decomp.), gave rise to the acid (4 g.), which formed pale yellow needles, m. p. 249° (decomp.), 
from acetone (Found: C, 57-9; H, 4:1. Cj, gH49O, requires C, 57-7; H, 40%). 

5 : 7-Dimethoxycoumarin (Citropten).—The foregoing acid (0-2 g.) was boiled with quinoline 
(10 c.c.) containing copper-bronze (0-5 g.) for 40 minutes, the filtered solution mixed with an 
excess of dilute hydrochloric acid and extracted with ether (5 x 20 c.c.), and the combined 
extracts washed with aqueous sodium bicarbonate, dried, and evaporated. The residual 
coumarin (0-14 g.) separated from methyl alcohol or a small volunie of acetone in elongated 
rectangular prisms, m. p. 147°, having properties identical with those of citropten, including 
the intense fluorescence in alcoholic solution (Found: C, 64-4; H, 4-9. Calc. for C,,H,,0, : 
C, 64:1; H, 4:9%). 

Vigorous acetylation of 2-hydroxy-4 : 6-dimethoxybenzaldehyde (2 g.) with acetic anhydride 
(20 c.c.) and sodium acetate (5 g.) at 180—190° for 18 hours gave rise to the same compound 
(0-4 g.), m. p. and mixed m. p. 147°, after purification. 

Application of the Pechmann reaction to phloroglucinol dimethyl ether and malic acid did 
not yield citropten. 

5 : 7-Dihydroxycoumarin.—A mixture of phloroglucinolaldehyde (8 g.), sodium acetate 
(8 g.), and acetic anhydride (40 c.c.) was heated (oil-bath at 185—190°) for 12—14 hours. On 
isolation, 5 : 7-diacetoxycoumarin separated from methyl alcohol and then ethyl alcohol (char- 
coal) in slender colourless prisms, m. p. 140° (Gattermann, Joc. cit., gives m. p. 138°) (Found : 
C, 59-6; H, 4-0. Calc. for C,,H,,O,: C, 59-5; H, 38%). 

When the aldehyde was replaced by 2: 4: 6-triacetoxybenzylidene diacetate in the fore- 
going experiment, a similar yield of the coumarin diacetate was obtained, m. p. and mixed m. p. 
140°, after purification (Found: C, 59-6; H, 3-8%). 

10% Aqueous sodium hydroxide was added to the diacetate (5 g.) in warm alcohol, and the 
mixture heated on the steam-bath until a homogeneous solution was obtained. More aqueous 
sodium hydroxide (30 c.c.) was then added, the mixture was kept for 15 minutes and acidified 
with hydrochloric acid, the greater part of the alcohol was evaporated, and the dihydroxycou- 
marin which separated from the cooled solution was recrystallised from dilute acetic acid, forming 
elongated colourless prisms, m. p. 285—286° (Found: C, 60-7; H, 3-6. Calc. for C,H,O,: 
C, 60-7; H, 3-4%). Methylation of this compound (0-4 g.) in boiling acetone (20 c.c.) with an 
excess of methyl iodide and potassium carbonate gave rise to citropten, m. p. and mixed 
m. p. 147° (Found : C, 63-9; H, 50%). 

An alcoholic solution of 5: 7-dihydroxycoumarin does not fluoresce, but the colourless 
solution of the compound in sulphuric acid, which is non-fluorescent in diffuse daylight, exhibits 
a faint bluish-green fluorescence in bright sunlight (compare Gattermann, Joc. cit.). 
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408. LHxperiments on the Synthésis of Rotenone and its Derivatives. 
Part X. 6: 7-Dimethoxychroman-4-one. 
By Harotp F. BircH, ALEXANDER ROBERTSON, and T. S. SUBRAMANIAM. 


By the oxidation of netoric acid Takei and his co-workers (Ber., 1932, 65, 289) obtained a 
ketonic product, m. p. 121°, which on the basis of the established structure of the acid 
(Part VIII, this vol., p. 212) appeared to us to be 6 : 7-dimethoxychroman-3- or -4-one. 
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The former possibility has been excluded by the synthesis of 6 : 7-dimethoxychroman-4- 
one, which is identical with the product obtained from netoric acid. 

In developing the synthetical evidence for the accepted constitution of netoric acid 
(this vol., p. 212) the remote possibility was discussed that, since on cyclisation ethyl 
derrate could give rise to two products, this acid might be a chroman-2-carboxylic acid, 
The formation of a chroman-4-one with simultaneous elimination of the carboxyl group 
by oxidation of netoric acid affords additional evidence that the carboxyl group is not 
attached at the 2-position. Oxidation of a chroman-2-carboxylic acid would not be 
expected to follow this route and in any case its conversion into a chroman-4-one would 
normally proceed by way of a chroman-4-one-2-carboxylic acid, which would not readily 
lose carbon dioxide. On repeating the experiment of Takei and his co-workers, the only 
substance, in addition to 6 : 7-dimethoxychroman-4-one, which we were able to isolate was 
unchanged netoric acid. 

A synthesis of 5 : 7-dimethoxychroman-4-one is described. 


EXPERIMENTAL. 


8-3 : 4-Dimethoxyphenoxypropionic Acid.—The following modified preparation of 3: 4- 
dimethoxyphenol has been found to be superior to that previously described (J., 1930, 2400; 
1932, 1380), Carefully purified 4-aminoveratrole (35 g.), dissolved in water (450 c.c.) and 
concentrated sulphuric acid (53 c.c.), was diazotised at — 10° and with 16% aqueous sodium 
nitrite (100 c.c.), and the filtered liquid gradually added to a boiling saturated solution of 
sodium sulphate (100 c.c.). After cooling, the liquor was decanted from the tarry material and 
extracted several times with ether, and the residual tar digested with five portions of boiling 
ether. The crude product left on evaporation of the combined extracts, which had been 
washed and dried, was purified by being twice distilled in a vacuum, then by recrystallisation 
from carbon tetrachloride, and finally by distillation in a vacuum. Thus purified, the phenol 
(13 g.) did not darken on exposure to the air for 3 days. 

A solution of sodium §-chloropropionate (prepared from 9-2 g. of the acid and 7 g. of sodium 
bicarbonate in 12 c.c. of water) was added to 3 : 4-dimethoxyphenol (10 g.), dissolved in 30% 
aqueous potassium hydroxide (14-5 c.c.), and the mixture heated on the steam-bath for 3 hours, 
cooled, acidified, and extracted several times with ether. Isolated from the combined ethereal 
extracts by means of aqueous sodium bicarbonate, the acid separated from water (charcoal) 
as a hydrate in colourless needles (4-3 g.), m. p. 136—137°, soluble in alcohol or hot benzene. 
On being kept in a high vacuum over phosphoric oxide, this material was dehydrated (Found : 
C, 58:7; H, 6-2. C,,H,,0, requires C, 58-4; H, 6-2%). Unchanged phenol (6-9 xy.) was 
recovered from the ethereal extracts left after the separation of the acid. 

6 : 7-Dimethoxychroman-4-one.—Phosphoric oxide (10 g.) was added to a solution of the 
foregoing acid (2 g.) in benzene (75 c.c.), and the mixture refluxed for 2} hours; the reaction 
was accelerated by constant mechanical agitation. After cooling, the benzene was decanted, 
the residual oxide dissolved in ice-water, the solution extracted with benzene, and the combined 
benzene solutions washed with aqueous sodium bicarbonate, aqueous sodium hydroxide, and 
water, dried, and evaporated. The residual chromanone (1-4 g.) separated from benzene— 
light petroleum (b. p. 60—80°) in colourless, irregular prisms and from light petroleum (pb. p. 
80—100°) in slender needles, m. p. 123—124° (Found: C, 63-7; H, 5-8. Calc. for C,,H,,0,: 
C, 63-5; H, 5-8%). This compound was identical with a specimen prepared by the oxidation of 
netoric acid, m. p. and mixed m. p. 123—124° (Takei and co-workers, Joc. cit., give m. p. 121°). 

Unchanged acid (0-2 g.) was recovered from the aqueous sodium bicarbonate extract. 

Of the alternate procedures available for the cyclisation of the phenoxypropionic acid it 
may be mentioned that treatment of the acid (2 g.) with 95% sulphuric acid at 80° for 3 hours 
gave a less satisfactory yield of the chromanone (0-8 g.) with no unchanged material, and under 
the same conditions the use of 85% sulphuric acid gave a yield of 0-5 g. of chromanone. 
Further, application of Gottesmann’s method (Ber., 1933, 66, 1168) gave a tarry product 
containing but little chromanone. 

Interaction of the chromanone (0-5 g.) and p-nitrophenylhydrazine hydrochloride. (0-5 g.) 
in 50% acetic acid (10 c.c.) at 50° gave rise to the p-nitrophenylhydrazone, which separated from 
ethyl acetate in microscopic orange prisms, m. p. 223—224° (Found: N, 12-2. Calc. for 
C,,H,,0,N,: N, 12:2%) (Takei and co-workers, Joc. cit., give m. p. 223°). 

6 : 7-Dimethoxy-3-veratrylidenechroman-4-one.—A solution of the aforementioned chromanone 
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(2 g.) and veratraldehyde (1-8 g.) in acetic acid was saturated with hydrogen chloride and in the 
course of 12 hours a red crystalline product separated. After the addition of excess of ice-water 
the mixture was boiled for 5 minutes and the resulting compound was collected, washed, and 
recrystallised from alcohol, forming pale yellow plates (1-5 g.), m. p. 156-5—157-5°, which gave 
a red coloration with concentrated sulphuric acid (Found : C, 67-4; H, 5-4. C. 9H ».O, requires 
C, 67-4; H, 56%). 

The analogous furfurylidene derivative separated from a mixture of the chromanone (2 g.), 
freshly distilled furfural (2 g.), alcohol (20 c.c.), and 10% aqueous sodium hydroxide (13-3 c.c.) 
which had been heated to boiling and then allowed to cool. Recrystallised from alcohol, it 
formed elongated, flat, canary-yellow prisms (2-5 g.), m. p. 138—139°, which gave a red color- 
ation with sulphuric acid (Found: C, 67-2; H, 4-8. C,,H,,O, requires C, 67-1; H, 49%). 

Condensation of the chromanone (2 g.) with 2-hydroxy-4-methoxybenzaldehyde (2 g.) in 
ethyl acetate by means of hydrogen chloride gave rise to 7: 6’ : 7’-trimethoxychromeno- 
4’ : 3’: 2: 3-benzopyrylium chloride, which is almost insoluble in warm dilute hydrochloric 
acid. It separated from a warm mixture of equal volumes of alcohol and 12% hydrochloric 
acid in red needles. Prepared in the usual manner, the ferrichloride formed tiny purple prisms, 
m. p. 256—257° (decomp.), from warm formic acid, sparingly soluble in hot acetic acid (Found : 
C, 43-9; H, 3-5. C,H,,0O,Cl,Fe requires C, 43-6; H, 3-3%). This pyrylium chloride is 
closely analogous to the chromenochromanones of the rotenone type (J., 1933, 489). 

8-3 : 5-Dimethoxyphenoxypropionic acid was prepared from phloroglucinol dimethyl ether 
(10 g.), dissolved in 30% aqueous potassium hydroxide (14-5 c.c.), and a solution of sodium 
8-chloropropionate (from 9-2 g. of the acid and 7 g. of sodium bicarbonate in 15 c.c. of water) 
by the method used for the preparation of 8-3 : 4-dimethoxyphenoxypropionic acid. It formed 
colourless needles (4:1 g.), m. p. 128—129°, from warm water (Found: C, 58-1; H, 6-3. 
C,,H,,O,; requires C, 58-4; H, 6-2%). The recovery of unchanged phloroglucinol dimethyl 
ether was 6-2 g. 

5 : 7-Dimethoxychroman-4-one.—Cyclisation of the foregoing acid (1-45 g.) was effected in 
boiling benzene (100 c.c.) with phosphoric oxide (6 g.) in the course of 24 hours. On isolation 
the resulting chromanone separated from light petroleum (b. p. 80—100°) in colourless needles, 
m. p. 99° (Found: C, 63-5; H, 5-9. C,,H,,O, requires C, 63-5; H, 5-8%). Unchanged acid 
(0-25 g.) was recovered. 

The veratrylidene derivative was prepared by the method employed for 6 : 7-dimethoxy- 
3-furfurylidenechromanone and formed small yellow prisms, m. p. 154—155°, from a little 
alcohol. 
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409. Usnic Acid. Part IV. The Synthesis of 4: 6-Dimethoxy- 
3 : 5-dimethylcoumarone-2-acetic Acid. 


By HARo_D F. Bircu, DANIEL G. FLYNN, and ALEXANDER ROBERTSON. 


From the evidence discussed in Part III (J., 1933, 1173) it appeared reasonably certain 
that pyrousnic acid and its dimethyl ether may be represented by formule of the type 
(V) or (VI), and consequently that usnetic acid is the 7-acetyl derivative (V or VI; 
R=H, R,= Ac). Although, by a re-interpretation of the then existing analytical 
evidence, possible structures for decarbousnic acid and usnic acid, which obviously follow 
from the alternate formule possible for usnetic acid, might have been developed (compare 
Part III), it was deemed highly desirable to reserve this discussion until irrefutable syn- 
thetical evidence on the structure of pyrousnic acid was forthcoming. Accordingly, we 
have concentrated ‘our efforts on the synthesis of the acids (V; R = Me, R, = H) and 
(VI; R= Me, R, = H) and the present communication deals with the preparation of the 
former compound by a general method. 

The starting material for this synthesis was the unknown C-methylphloroglucinol 
B-dimethyl ether (II), which, after several unsuccessful efforts in other directions, we 
ultimately obtained by the catalytic reduction and simultaneous debenzylation of 4- 
benzyloxy-2 : 6-dimethoxybenzaldehyde (1), a convenient procedure now employed in these 
laboratories for the preparation of C-methyl- and C-dimethyl-phloroglucinol and their 
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derivatives. The orientation of the @-dimethyl ether follows from that of 2-hydroxy- 
4-benzyloxy-6-methoxybenzaldehyde (J., 1931, 2676), from which (I) was prepared, and 
from the fact that it is isomeric and not identical with the C-methylphloroglucinol «- 
dimethy] ether. 

a-3 : 5-Dimethoxy-4-methylphenoxypropionic acid (III) was prepared from the 8-dimethyl 
ether by the potassium carbonate method and on cyclisation according to the method 


CH,Ph‘O/ \OMe HO” OMe = MeO \’°\CHMe ~— MeO” \”>'’\CHMe 
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of Stephen and his co-workers (J., 1931, 896) gave rise to the cowmaranone (IV), which, 
since it did not appear to be readily soluble in cold aqueous sodium hydroxide, was in all 
probability largely present as the keto-form. Condensation of this substance with ethyl 
bromoacetate by the Reformatsky method was accompanied by loss of the elements of 
water and furnished the acid (V; R = Me, R, = H). 

The fact that the acid (V; R= Me, R, = H) is isomeric and not identical with 
O-dimethylpyrousnic acid leads to the conclusion that the latter compound has the 
structure (VI; R = Me, R, = H), and hence that pyrousnic acid and usnetic acid have 
formule (VI; R =H, R, = H) and (VI; R=H, R, = Ac) respectively, a conclusion 
in agreement with the analytical evidence described by Asahina and Yanagita (Ber., 1936, 
69, 1646),* whose memoir appeared after the completion of this synthesis. 

On account of the inaccessibility of the phenol (II) when this investigation was initiated 
and in order to test the method, we studied, in the first instance, the synthesis of 6-methoxy- 
and 4 : 6-dimethoxy-2-methylcoumarone-3-acetic acid. The only abnormality encountered 
was the formation of a considerable amount of a neutral by-product in the conversion of 
a-3 : 5-dimethoxyphenoxypropionic acid into 4: 6-dimethoxy-2-methylcoumaranone, which 
rendered the purification of the latter compound somewhat tedious. This product, which 
was shown to be 4: 6-dimethoxy-3-phenyl-2-methylcoumarone, identical with a specimen 
obtained by the condensation of the coumaranone with phenylmagnesium bromide, must 
arise by the interaction of «-3 : 5-dimethoxyphenoxypropionyl chloride and the benzene 
used as a diluent with the formation of the intermediate ketone (VII), which then under- 
goes cyclisation, giving the coumarone. As the 3-phenylcoumarone was not attacked by 
the Reformatsky reagents, its complete separation from the coumaranone, which was some- 
what tedious, was not essential for the final step in the synthesis. 


EXPERIMENTAL. 


a-3-Methoxyphenoxypropionic Acid.—A solution of resorcinol monomethyl ether (15 g.) 
and ethyl «-bromopropionate (14 g.) in acetone (45 c.c.) containing potassium carbonate (22 g.) 
was refluxed for 2 hours. After the addition of more acetone the solution was filtered and 
evaporated, and an ethereal solution of the residue was washed with 2% aqueous sodium 
hydroxide to remove unchanged phenol, dried, and distilled; the residual ester was obtained 
as a colourless oil (15—16 g.), b. p. 167—170°/23 mm. Hydrolysis of this compound (5 g.) was 
effected with 6% alcoholic potassium hydroxide (50 c.c.) (agitate) at room temperature for 65 


* The formule for usnic acid and decarbousnic acid suggested by the Japanese workers have, along 
with alternative structures, been employed in discussions at colloquia in Liverpool and elsewhere at 
various times during the past three years. The results described in the present paper form the successful 
issue of part of the work on the constitution of usnic acid which has been continued in these laboratories 
for the past three years, a topic which we have never intended to abandon.—A. R. 
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minutes and, after the addition of excess of dilute hydrochloric acid, the acid was isolated 
with ether and crystallised from carbon tetrachloride, forming colourless rods (4-5 g.), m. p. 
93—94°, soluble in alcohol, ethyl acetate, or chloroform and insoluble in light petroleum (Found : 
C, 61-1; H, 6-2. C, ,H,,O, requires C, 61-2; H, 6-1%). 

Treatment of this acid (8 g.) with phosphorus pentachloride (9 g.) first at room temperature 
and, after the initial reaction had ceased, at 40° for 5 minutes gave rise to the acid chloride, 
which, on removal of the phosphoryl chloride in a vacuum, remained as a pale yellow oil. 
Addition of concentrated aqueous ammonia to a specimen of this product afforded a good yield 
of the amide, which separated from benzene in colourless prisms, m. p. 102° after sintering 
at 100° (Found: C, 61-8; H, 6-9; N, 7-1. CH ,;0,;N requires C, 61-6; H, 6-7; N, 7-2%). 

6-Methoxy-2-methyl-3-coumaranone.—Aluminium chloride (5-2 g.; 1-1 mols.) was added in 
several portions to a solution of the aforementioned acid chloride (from 8 g. of the acid) in 
thiophen-free benzene (50 c.c.) maintained at 0° (agitate). After having been kept at room 
temperature for 16 hours, the mixture was treated with ice and water and extracted several 
times with ether, the combined extracts were washed with 4% aqueous sodium hydroxide to 
remove acidic material and then with water, dried, and evaporated, and the residual 
coumaranone (yellow oil, 4°5 g.) was purified by distillation in a high vacuum, being finally 
obtained as an almost colourless oil, b. p. 120—125°/1 mm., which solidified (Found: C, 67-0; 
H, 5-6. Calc. for C,,H,,0,: C, 67-4; H, 5-6%) (compare Auwers and Miiller, Ber., 1917, 50, 
1173). With concentrated sulphuric acid it formed a pale yellow solution which, on being 
warmed, became cherry-red and then dark red. When a solution of 2: 4-dinitrophenylhydr- 
azine in hot alcohol (25 c.c.) containing concentrated hydrochloric acid (2 c.c.) was added to 
a solution of the coumaranone (1 g.) in the same solvent (15 c.c.), and the mixture boiled for 
2 minutes, an almost theoretical yield of the 2: 4-dinitrophenylhydrazone separated instant- 
aneously ; it formed slender, bright red needles, m. p. 206°, from ethyl acetate (Found : C, 53-7; 
H, 3-9; N, 16-2. C,,H,,0O,N, requires C, 53-6; H, 3-9; N, 15-7%). 

6-Methoxy-2-methylcoumarone-3-acetic Acid.—Ethyl bromoacetate (5 g.) was gradually 
added to a boiling solution of the foregoing coumaranone (5 g.) in benzene (30 c.c.) containing 
zinc filings (3 g., free from oxide) and a crystal of iodine, and the mixture refluxed for 5 hours. 
After the addition of ice and water to the cooled reaction mixture the product was isolated 
with ether and hydrolysed by being boiled with a solution of potassium hydroxide (2-5 g.) in 
methyl alcohol (40 c.c.) and water (9 c.c.) for 2 hours. On isolation with ether the acid was 
separated from neutral material by means of aqueous sodium bicarbonate and purified by 
crystallisation from a little ethyl acetate and then from ethyl acetate-light petroleum (b. p. 
60—80°), forming colourless diamond-shaped plates (1-7 g.), m. p. 115—116° (Found: C, 65-4; 
H, 5-4. C,,H,,0, requires C, 65-5; H, 5-5%). On being warmed, the yellow solution of this 
compound in concentrated sulphuric acid becomes red and then puce. 

a-3 : 5-Dimethoxyphenoxypropionic Acid.—Interaction of phloroglucinol dimethyl ether 
(7 g.), ethyl a-bromopropionate (10 c.c.), and potassium carbonate (14 g.) in boiling acetone 
(35 c.c.) during 3 hours gave rise to the ethyl ester (10 g.) as a colourless oil, b. p. 188—190°/ 
16 mm. (Found: C, 61-2; H, 7-0. C,,;H,,0; requires C, 61-4; H, 7-1%). The clear solution 
obtained by agitating a mixture of the ester (10 g.) and aqueous alcoholic potassium hydroxide 
(from 6 g. of hydroxide, 47 g. of alcohol, and 47 c.c. of water) for 5 minutes was kept at room 
temperature for 1 hour, and acidified with excess of dilute hydrochloric acid. The resulting 
phenoxy-acid formed slender needles (8-5 g.), m. p. 115—116°, from dilute alcohol [Found : 
C, 58-4; H, 6-3; OMe, 27-2. C,H,O,(OMe), requires C, 58-4; H, 6-2; OMe, 27-5%]. 

The acid chloride was prepared by means of phosphorus pentachloride, and a specimen 
converted into the amide, m. p. 92° after crystallisation from benzene. 

4: 6-Dimethoxy-2-methyl-3-coumaranone.—On distillation the viscous product obtained by the 
interaction of a mixture of the aforementioned acid chloride (from 6 g. of the acid) and aluminium 
chloride (4 g.) in benzene (50 c.c.) at 0° for 3—4 hours yielded an almost colourless main fraction, 
b. p. 162—170°/0-5*mm., which partly solidified on being kept. On redistillation a quantity 
of this material (24 g.) obtained from several experiments gave three main fractions: b. p. 
120—140°/0-15 mm. (1 g.), b. p. 157—159°/0-15 mm. (15-6 g.), and b. p. 160—180°/0-15 mm. 
(4 g.). Each fraction was dissolved in warm methyl alcohol and after cooling the product 
(A) which had crystallised was separated; further small quantities of this solid were obtained 
by concentrating and cooling the alcoholic liquors. The combined alcoholic solutions were 
then evaporated, and the residue distilled, giving a main fraction consisting of the pure coumar- 
anone (7-8 g.), b. p. 150—151°/0-35 mm., which crystallised.in the course of several weeks and 
then separated from a small volume of ether in colourless prisms, m. p, 74—75° [Found : C, 63-5; 
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H, 5-7; OMe, 28-7. C,H,O,(OMe), requires C, 63-5; H, 5-8; OMe, 29-8%]. The 2: 4-diniiro- 
phenylhydrazone separated from ethyl acetate in bright red, prismatic needles, m. p. 240° 
(Found : C, 52-6; H, 4:0; N, 14-4. C,,H,,0,N, requires C, 52-8; H, 4-1; N, 14-4%). 

The solid by-product (A) (3-2 g.), which was insoluble in aqueous sodium hydroxide and 
did not contain a carbonyl group, formed colourless irregular prisms, m. p. 125°, from methyl 
alcohol, and was identical with an authentic specimen of 4 : 6-dimethoxy-3-phenyl-2-methyl- 
coumarone (Found: C, 76-0; H, 6-1. C,,H,,O, requires C, 76-1; H, 6-0%). The authentic 
specimen was prepared by the interaction of 4 : 6-dimethoxy-2-methyl-3-coumaranone (3 g.) 
with a slight excess of phenylmagnesium bromide in 35 c.c. of ether at room temperature for 
24 hours and on isolation in the usual manner had m. p. 125° after recrystallisation from methyl 
alcohol. 

4 : 6-Dimethoxy-2-methylcoumarone-3-acetic Acid.—On distillation, the product obtained 
from the condensation of the foregoing coumaranone (5 g.) and ethyl bromoacetate (5 g.) in 
benzene (32 c.c.) by means of zinc gave a main fraction (2 g.), b. p. 162—163°/0-73 mm., m. p. 
55—57°, consisting of almost pure ethyl ester. This compound formed slender needles, m. p. 
63°, from dilute alcohol (Found: C, 64-7; H, 6-8. C,,H,,0,; requires C, 64:8; H, 6-5%). 

Hydrolysis of the ester with 5% aqueous-methyl alcoholic potassium hydroxide gave rise 
to the acid, m. p. 141—142°, which separated in colourless needles, m. p. 147—148°, from 
warm benzene [Found : C, 62-6; H, 5-8; OMe, 24-7. C,,H,O,(OMe), requires C, 62-4; H, 5-6; 
OMe, 24:8%]. On being warmed, the cherry-red solution of this substance in sulphuric acid 
became brown-red and then violet. 

[With Frank H. Curb]. 4-Benzyloxy-2 : 6-dimethoxybenzaldehyde.—Methylation of 2- 
hydroxy-4-benzyloxy-6-methoxybenzaldehyde (loc. cit.) (4:5 g.) with excess of methyl iodide 
(10 c.c.) and potassium carbonate (8 g.) for 6 hours gave an almost theoretical yield of the ether, 
which formed colourless needles, m. p. 122—123°, from alcohol, having a negative ferric re- 
action [Found: C, 70-7; H, 5-9; OMe, 21-5. C,,H,)0,(OMe), requires C, 70-6; H, 5-6; 
OMe, 22-8%] (the analogous compound, 4-p-toluenesulphonoxy-2 : 6-dimethoxybenzaldehyde, 
gives a correspondingly low methoxyl value; Karrer and Helfenstein, Helv. Chim. Acta, 1927, 
10, 789). 

Reduction of this compound (1 g.), dissolved in acetic acid (50 c.c.), with hydrogen (approx. 
270 c.c. absorbed) and a palladium-charcoal catalyst (from 0-5 g. of charcoal and 0-1 g. of 
palladium chloride) was complete in about 10 minutes. C-Methylphloroglucinol B-dimethyl ether 
was isolated with ether from the filtered reaction mixture which had been neutralised with 
aqueous sodium bicarbonate and was crystallised from carbon tetrachloride, forming needles 
(0-5 g.), m. p. 148—149° (Found: C, 64-4; H, 7-1. C,H,,0, requires C, 64-3; H, 7-1%). 

a-3 : 5-Dimethoxy-4-methylphenoxypropionic Acid.—Condensation of C-methylphloroglucinol 
$-dimethyl ether (4-4 g.) and ethyl «a-bromopropionate gave rise to the ethyl ester (5-4 g.) which 
on hydrolysis furnished the acid (4-8 g.). This compound separated from carbon tetrachloride 
in needles, m. p. 123—123-5° (Found: C, 59-8; H, 6-7. C,,.H,,O, requires C, 60-0; H, 6-7%). 

4 : 6-Dimethoxy-2 : 5-dimethylcoumaranone.—Treatment of the acid chloride from the fore- 
going acid (5-4 g.) with aluminium chloride (5 g.) in benzene (80 c.c.) at 0° for 3 hours gave 
the coumaranone, which, on distillation in a vacuum, solidified, b. p. 123—127°/0-2 mm., m. p. 
66—67°, and then formed elongated rectangular prisms (2-8 g.), m. p. 69—70°, from methyl 
alcohol (Found: C, 64-8; H, 6-4. C,,H,,O, requires C, 64-9; H, 63%). On being warmed, 
the yellow solution of the compound in concentrated sulphuric acid becomes brownish-red. 

4 : 6-Dimethoxy-2 : 5-dimethylcoumarone-3-acetic Acid.—Condensation of 4: 6-dimethoxy- 
2 : 5-dimethylcoumaranone (1-8 g.) with ethyl bromoacetate (1-7 g.) by means of zinc and 
hydrolysis of the resulting ester yielded the acid, which was purified by means of aqueous sodium 
bicarbonate and then by crystallisation from ethyl acetate, forming colourless, elongated, 
rectangular prisms (0-75 g.), m. p. 179—180° [Found: C, 63-7; H, 6-0; OMe, 22:8. 
C,2Hy,03(OMe), requires C, 63-6; H, 6-1; OMe, 22-56%]. On heing warmed, the yellow solution 
of the compound in sulphuric acid becomes brown-red and finally indigo-blue (compare be- 
haviour of the isomeric O-dimethylpyrousnic acid; J., 1933, 1177). 


Our thanks are due to the Department of Scientific and Industrial Research for a main- 
tenance grant to one of us (H. F. B.). 
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410. The Effect of Alkyi Growps on the Properties of Anthraquinone and 
Fluorescein Dyes. 


By R. M. Harris, G. J. MARRIoTT, and J. C. SMITH. 


THE recent use of dyes containing long alkyl chains (Report of the Progress of Applied 
Chemistry, 1935, 20, 112) makes it desirable to have more knowledge of the effect of these 
chains on colour. It has long been known that the introduction of methyl or ethyl into 
amino-groups (¢.g., in rosaniline) shifts the colour towards the violet; the effect of alkyl 
groups when attached to the nucleus is known to be much smaller, but measurements 
on an homologous series of coloured compounds have not been available. 

In this investigation three series of compounds have been studied : the red l-amino- 
2-alkylanthraquinones, the blue dyes derived from these by 
introduction of -NH-C,H,°SO,Na into the 4-position (I), and 

R finally some fluorescein derivatives. 
/ J (I.) The 1-amino-2-alkylanthraquinones were carefully purified 
“ NH for the examination of their absorption spectra in a Hilger— 
¢.H,-SO.Na (p) Nutting spectrophotometer. All give deep red solutions in 
ilies organic solvents (the crystals vary from deep red to vermilion 
according to the method of preparation), and at a dilution of M/5000 in 95% ethyl 
alcohol all are reddish-orange, the absorption band being in the blue (Fig. 1 and Table I). 
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I. l-Aminoanthraquinone. I. 1-Amino-4-anilino-2-methyl-4'-sulphonate. 


Il. 1-Amino-2-methylanthraquinone. IL. pA -2-n-heptyl- yi 
Ill. ps -n-butyl ~~ ‘ IIL. -2-n-dodecyl-__,, 
ae. - -n-heptyl om ‘ 
¥, . -n-dodecyl 
TABLE I, 
1-A mino-2-alkylanthraquinones. 
Peak of General 
Alkyl absorption Extinction absorption 
group. M. p. band. - coefficient. (R = H ='100). 
ee Sedvasekenesesdinkdsiess 256°, corr. 478 +1 1-35 100 
Rh bbb ontiie condicownesuqccbenees 202, uncorr. 479 1-52 164 
a cieheheeathiaitnade eam  — 480 1-56 227 
MME sesebecepansebaedeiinssnien 139 * 481 1-65 233 
Ne sacdacitetedcodacbeeitbes 3 : 482 1-74 
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The effect of the increasing length of the alkyl group is to cause a slight shift (which 
appears to be progressive) in the absorption band towards the longer wave-length, but 
this is insufficient to cause a change in the visible colour. At the same time there is a 
broadening of the absorption band and a regular increase in the extinction coefficient. 
In col. 5 of Table I the general absorption of light as measured in a colorimeter reaches 
nearly the maximum with the u-butyl compound. 

In the blue dyes, as is shown in Tables II and III, the colour of the solution and of wool 
dyed with the compound shows a slight shift owing to the absorption of a longer wave- 
length by the higher homologues. But the changes in the extinction coefficients and in 
the general absorption are much smaller than with the simpler aminoanthraquinones. 











TABLE II. 
Wool dyes ; M/8000 in EtOH-H,O (equal vols.). 
Peaks on General Time of dyeing 
absorption Extinction absorption from dye-bath, 
R. curve. coefficients. (R = CH, = 100). mins. 
ME Seb vsanthbeteceensscisdiens 570, 610 2-17, 2-25 100 70 
REESE ee 573, 615 2-15, 2-25 103 35 
DENNER  <écacnqsbcsonbsronosinns 575, 618 2-07, 2-30 103 23 
TABLE III. 
. ; Shade Covering 
Colour quality of dyed wool samples. (brightness), power 
R. Red. Green. Blue. %. (R = CH, = 100). 
CH 12-9% + 178% + 69-3% : 
: or 0-226X + O19BY + 05782 oes ae 
C,H,, 12-4 + 17-8 + 69-8 5. 
or 0-223X + O194¥ + 05822 oes = 
Cy.Ho5 12-1 18-3 + 69-6 ’ 
or 0-222X 4+ O197Y + 0-582Z “ee - 


The alkyl group has therefore less effect on the 1 : 4-diaminoanthraquinone than on 
the monoamino-compounds. 

In assessing the value of a dye the covering power is an important factor, and in the 
~ above series the optical properties would suggest that equimolecular quantities of the dyes 
would dye wool to the same “‘ shade ”’ or brightness. (A dye with a Jow covering power 
gives a dyed sample which reflects relatively much light and has a high ‘‘ shade ”’ per- 
centage.) But as is shown in Table II, and Table III (Shade), the covering power of the 
hepty! and the dodecyl compound is much greater than that of the first member. This 
increased covering power of the longer-chain compounds may be due to a greater concen- 
tration of dye near the surface of the fibre and this could be caused either by an attraction 
of the surface for the longer alkyl chain or by a less thorough penetration of the fibre 
owing to the greater speed of absorption. Parallel results have been obtained in the 
measurement of the covering power of other homologous series of anthraquinone dyes. 

In the fluorescein dyes the effect of two u-hexyl chains was investigated, as it was 
thought that two such groups would produce a bigger effect than one dodecyl chain. The 
colour quality of the dyes when applied to wool and the covering power (Tables IV and V) 
were measured, but the results are more complex than those for the anthraquinones. 
On comparison of B with A (alkaline bath) a deepening of colour is evident, but in the 
specimen B from the alcoholic dye-bath the change is very striking. It appears that 
polymorphism of the dihexyl compound is responsible, and that the red instead of the usual 
yellow-orange form is fixed on the fibre. 

C and D are very similar (from the alcoholic dye-bath), but the colour-quality (Table Y) 
shows that the dihexyl compound absorbs slightly more red and less blue; the covering 
powers are almost identical, and it seems (on comparison with E and F) that the chlorine 
atoms in the phthalide nucleus hinder the action of the hexyl groups. Bromine atoms 
in the resorcinol nuclei do not reduce the effect of the hexyl groups : F absorbs much more 
red and less blue than E, and although in F the wool has taken up less than half as much 








Harris, Marnott, and Smith: 
TABLE IV. 


% of dye absorbed 


Alkaline 50% Alcohol by the wool 
Fluorescein derivative. (Shade %). (Shade %). (alcoholic bath). 

A. Fluorescein Lemon-yellow (48-5) Bright yellow (52-1) 100 
B. 2: 7-Dthexyl- Orange (37-6) Red-orange (27-7) 100 
C. 3’: 6’-Dichloro- Pale yellow (57-4) Orange-yellow (44-3) 70 
D. 3’: 6’-Dichloro-2 : 7-dihexyl- Orange-yellow (42-5) Orange-yellow (44-0) 70 
E. 4: 5-Dibromo- Pale orange Orange (35-3) 85 
F, 4: 5-Dibromo-2 : 7-dihexyl- Pale orange Pink-orange (38-0) 40 
(G. 3’: 6’-Dichloro-4 : 5-dibromo-__ Bright red Deep red (16-9 ?) 100) 
H. 3’: 6’-Dichloro-4 : 5-dibromo- 

2 : 7-dihexyl- Pale pink Bright red (22-8) 100 

TABLE V. 
Fluoresceins on wool from alcoholic dye-baths. 
Compound : A. B. C. D. E. F. G H 


Colour quality (in terms of | X 0-504 0-580 0-541 0-534 0-553 0-513 0-565 | 0-578 
International Standard ~ Y 0-473 0-378 0-436 0-434 0-403 0-367 0-322 | 0-335 
Primaries) Z 0-023 0-042 0-023 0-032 0-044 0-119 0-113 | 0-087 


dye as in E the shade of the samples is almost equal. Asin G the dye is impure, the sample 
cannot be compared with H. 

In the two cases from which conclusions can fairly be drawn (C, D; and E, F) it appears 
that the hexyl groups tend to increase the absorption of red and decrease that of blue; 
there is also an increase in covering power. 


EXPERIMENTAL. 


1-A minoanthraquinone.—The specimen purified by sublimation and two crystallisations 
from n-propyl alcohol melted at 256° (corr.) (Found: C, 75-5; H, 4:3. Calc.: C, 75-3; H, 
40%). Boettger and Petersen (Annalen, 1873, 166, 147) give m. p. 256° (compare Beisler 
and Jones, J. Amer. Chem. Soc., 1922, 44, 2296). 

1-A mino-2-methylanthraquinone.—2-Methylanthraquinone was sublimed and then crystallised 
from n-propyl alcohol until the m. p. was 175°. With nitric acid (d 1-5, 40 hrs. at 15°) it yielded 
1-nitro-2-methylanthraquinone which, crystallised from nitrobenzene, melted at 260°. The 
nitro-compound on reduction with sodium sulphide gave the amine, which was dissolved in 
hot 60% sulphuric acid, and the solution filtered and diluted. After three crystallisations 
from propyl alcohol the amine melted at 203°. Romer and Link (Ber., 1883, 16, 695) give 
m. p. 202°. 

1-A mino-2-n-butylanthraquinone.—The general method of preparation is that of Scholl, 
Potschiwauscheg, and Lenko (Monaish., 1911, 32, 687) for the propyl homologues, but several 
modifications have been made. 

n-Butylbenzene. mn-Butyl bromide (b. p. 102—103°; from m-butyl alcohol, b. p. 117-7— 
117-8°), bromobenzene, sodium, and toluene gave n-butylbenzene, b. p. 183—184°. Benzene 
being used instead of toluene as solvent, the yield was 28% owing to the greater ease of separ- 
ation of the product. Konowalow (J. Russ. Phys. Chem. Soc., 1895, 27, 422) gives b. p. 183— 
184°. 

2-(4’-n-Butylbenzoyl)benzoic acid. The product from m-butylbenzene (50 g.), phthalic 
anhydride (60 g.), carbon disulphide (550 c.c.), and finely powdered aluminium chloride (110 g.), 
crystallised from 50% acetic acid and then from alcohol, melted at 99° (Found: C, 76-4; H, 
6-6. Calc.: C, 76-6; H, 64%). Underwood and Walsh (J. Amer. Chem. Soc., 1935, 57, 
940) give m. p. 97—98°. 

2-(4’-n-Butylobenzyl)benzoic acid. The Clemmensen method (Ber., 1913, 46, 1837) of reducing 
the keto-group gave a poor yield and was replaced by that of Scholl and co-workers (/oc. cit.), 
a zinc-copper couple being employed in presence of ammonia. The product was freed from 
zinc by heating for several hours under reflux with concentrated hydrochloric acid; yield, 
85—95%. Crystallised from alcohol, the substance melted at 86°; it had an irritant action 
on the skin (Found: C, 80-6; H, 7-4. C,,H,,O, requires C, 80-6; H, 7-4%). 

2-n-Butylanihraquinone. The foregoing acid (20 g., finely powdered) was dissolved in 
sulphuric acid (220 c.c. of 97%), and the solution, after not more than 10 minutes, was poured 
on ice, whereupon the anthrone separated as an oil. Water was added, then sodium carbonate 
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solution to neutralise some of the acid, and the mixture was extracted with ether. The ethereal 
extract yielded 11 g. (56%) of 2-n-butylanthrone (non-crystalline), which was used without 
further purification. 

A solution of 2-n-butylanthrone (13 g.), p-nitrosodimethylaniline (7-3 g.), and piperidine 
(5 c.c.) in alcohol (165 c.c.) was refluxed for 2 hours, and the resulting purple solution of the 
anil poured into water (600 c.c.). Hydrolysis was effected by adding concentrated hydrochloric 
acid (50 c.c.) to this mixture and raising the temperature to 50° for Lhour. 2-n-Butylanthraquin- 
one separated as a green powder, which was washed with dilute hydrochloric acid, with water, 
and then dried. The yield was 11 g. (85%) of m. p. 72°. After two crystallisations from 
alcohol, the substance melted at 87-5° (Found: C, 82-1; H, 6-0. C,,H,,O, requires C, 81-8; 
H, 6-0%). 

Conversion of the anthrone into the anthraquinone by means of bromine in acetic acid 
(Scholl and co-workers, Joc. cit.; Goldmann, Ber., 1887, 20, 2436) gave a poor yield. 

1-Nitro-2-n-butylanthraquinone. 2-n-Butylanthraquinone (1-9 g.) was dissolved at room 
temperature in nitric acid (13 g.; @ 1-51, brown) and left during 40 hours. The product obtained 
by pouring the mixture into water had m. p. 112—117°, raised by three crystallisations from 
acetone to 147-5° (Found: C, 69-8; H, 4-7. C,,H,,;0O,N requires C, 69-9; H, 48%). 

1-A mino-2-n-butylanthraquinone. The nitro-compound, reduced with sodium sulphide, 
gave 90% yields of amine, m. p. 160—165°. Crystallisation from n-propyl alcohol raised the 
m. p. to 174—175° (Found: C, 77-3; H, 6-0. C,,H,,O,N requires C, 77-4; H, 6:1%). 

1-A mino-2-n-heptylanthraquinone.—Phenyl hexyl ketone. To a mixture of heptoyl chloride 
(41-5 g., b. p. 81—83°/25 mm.) and A.R. benzene (110 g.), finely powdered anhydrous aluminium 
chloride (83 g.) was gradually added during 80 minutes.. The mixture was left for 5 hours at 
16° and then poured on ice. The benzene layers from several experiments were fractionally 
distilled, and gave a 71% yield of ketone, b. p. 140—150°/15 mm. A portion when redistilled 
solidified in ice-water and melted at 17°, in agreement with Krafft (Ber., 1886, 19, 2987). 

Heptylbenzene. Reduction of the ketone by the original Clemmensen method (loc. cit.) 
was slow, and the yield was only 43% owing to the formation of resinous condensation products. 
The method of Miiller and Saville (J., 1925, 127, 599) gave the best results. 

A mixture of amalgamated zinc (200 g.), phenyl hexyl ketone (69 g.), concentrated hydro- 
chloric acid (100 c.c.), and ethyl alcohol saturated with hydrogen chloride (100 c.c.) was refluxed 
for } hour. Water (200 c.c.) was added, the mixture cooled, and about 300 c.c. of the aqueous 
layer removed. Again, concentrated hydrochloric acid and alcoholic hydrogen chloride (100 
c.c. of each) were added, the mixture refluxed for $ hour, and then water (200 c.c.) added. The 
process was carried out five times in all, and the product extracted with light petroleum (b. p. 
60—80°). Distillation yielded fractions: (i) b. p. 106—110°/10 mm., 32 g.; (ii) b. p. 110— 
150°, 6-7 g.; (iii) b. p. > 150°, 12-3 g. By adding fraction (ii) to fresh ketone for reduction 
a final yield of 67% of fraction (i) was obtained. On distillation through a long column, this 
gave heptylbenzene, b. p. 108—111°/12 mm. Krafft (/oc. cit.) gives b. p. 108—110°/10 mm. 

2-(4’-Heptylbenzoyl)benzoic acid. The crude product containing aluminium salts was boiled 
with several portions of hydrochloric acid (15%), dried, and then extracted with light petroleum 
(b. p. 60—80°). The filtered extract, when cooled in a freezing mixture, deposited pale yellow 
crystals, m. p. 98—100°, and the solvent was again used for the extraction (yield 75%). Two 
crystallisations from light petroleum gave pale yellow crystals, m. p. 99—101° (Found: C, 
77-6; H, 7-5. C,,H,,O, requires C, 77-8; H, 7:-4%). The powdered keto-acid has an irritant 
action on the skin. 

2-(4’-Heptylbenzyl)benzoic acid. The keto-acid was reduced in the same manner as the butyl 
analogue (yield 83%). A small portion, distilled (b. p. 220°/0-2 mm.) and then crystallised 
from light petroleum, melted at 69—71° (Found: C, 81-0; H, 8-2. C,,H,,O, requires C, 
81-3; H, 84%). 

2-n-Heptylanthraquinone. The foregoing acid (42 g.) was dissolved in sulphurjc acid (850 
c.c. of 97%) and after 10 minutes the solution was poured on ice. The anthrone was extracted 
with ether and obtained as a golden mass of crystals (yield 27 g., 65%). Without purification, 
the anthrone was condensed with p-nitrosodimethylaniline, and the product on hydrolysis 
gave a 95% yield of pale green crystals, m. p. 67—-69°. Crystallised from glacial acetic acid 
and then from alcohol (charcoal), 2-n-heptylanthraquinone formed pale yellow crystals, m. p. 
76° (Found: C, 82-4; H, 7-1. C,,H,,O, requires C, 82-4; H, 7-2%). 

1-Nitro-2-n-heptylanthraquinone. Thecrude nitration product, m. p. 115° (yield quantitative), 
recrystallised from glacial acetic acid, melted at 137° (Found: N, 3-8. C,,H,,O,N requires 
N, 40%). 
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1-A mino-2-n-heptylanthraquinone. The nitro-compound was reduced with sodium sulphide 
in 95% yield to the red amino-compound, m. p. 121—124°. After three crystallisations from 
n-propyl alcohol, this melted at 138—139° (Found: C, 78-6; H, 7-4. C,,;H,,;0,N requires 
C, 78-5; H, 7:2%). 

1-A mino-2-n-dodecylanthraquinone.—A specimen supplied by Messrs. I. C. I. Ltd. (Dyestuffs 
Group) was distilled at a low pressure and then crystallised from »-propyl alcohol to constant 
m. p. 134—135° (Found: C, 80-0; H, 8-1. C,.H;,0,N requires C, 79-8; H, 8-4%). 

Anthraquinone Wool Dyes.—1-Amino-4-anilino-2-methylanthraquinone. 4-Bromo-l-amino- 
2-methylanthraquinone (from Messrs. Imperial Chemical Industries Ltd.) was crystallised 
from pyridine and then melted at 246°. Eder and Manoukian (Helv. Chim. Acta, 1926, 9, 
53) give m. p. 245—246°. The bromo-compound (17-5 g.), potassium acetate (12 g.), copper 
acetate (1-0 g.), and aniline (60 c.c.) were stirred for 6 hours at 110°, and the cooled product 
was filtered off; when washed with alcohol, dilute hydrochloric acid, and water, it melted at 
240°, and after two crystallisations from pyridine and one from benzene it melted at 245-5° 
(11 g. of dark blue needles). Admixture with the starting material depressed the m. p. to 215° 
(Found: C, 76-7; H, 5-0; N, 8-6. C,,H,,O,N, requires C, 76-8; H, 4-9; N, 8-5%). 

Sulphonation. To the amine (3 g.) in sulphuric acid (30 c.c. of 100%), oleum (6 c.c. of 20%) 
was added with stirring at 15—20°. As no reaction had occurred after 2 hours, a further 5 c.c. 
of oleum was added slowly at 25—30°, and after 30 minutes a test showed that all the product 
was soluble in water. The mixture was poured on ice, the dark blue solid collected, and dissolved 
in water, and the solution made neutral with sodium hydroxide solution. By addition of filtered 
brine, the sodium salt was precipitated, and was then crystallised from aqueous alcohol and 
dried at 120° (Found: S, 7-5. C,,H,,0,N,SNa requires S, 7-4%). 

The corresponding 2-heptyl and 2-dodecyl dyes were similarly prepared and purified, but 
the n-butyl compound could not be freed from disulphonation products. The heptyl compound 
(blue crystals with a bronze lustre) was moderately soluble in hot water (Found: S, 6-0. 
C,,H,,O;N,SNa requires S, 6:2%), and the dodecyl compound was sparingly soluble in hot 
water (Found: S, 5-6. C,,H;,0;N,SNa requires S, 5-5%). 

Dyeing Experimenis.—Squares of wool (3 x 3 inches, weighing approx. 2 g.) which had been 
thoroughly washed with soap and water were dried over calcium chloride and weighed. A 
square was then boiled for 4 hour with distilled water, for 2 minutes with ethyl alcohol, and 
then added to the hot (70°) dye-bath. This was made by dissolving the dye (1-12 x 10° g.- 
mol. per 1-0 g. of wool) in 100 c.c. of warm water and adding 25 c.c. of alcohol. After the 
wool had been put in, ammonium acetate solution (2 c.c. of 5%) was added and the contents 
of the beaker continuously stirred while the liquid was heated to boiling (hot water being added 
to keep the volume constant) and until almost all the dye had been absorbed. Then acetic 
acid (1 c.c. of 5%) was added, and stirring continued until the bath was colourless. The dyed 
wool was then washed several times with warm water and dried. This technique gave very 

evenly dyed samples. The times of exhaustion of the dye-baths were : 


DY€ eesesccesceecrenerecseesenesseeccens CH, C,H,; C,,H;,; 
UD CAD ase ctinnsdivssedecssepssers 70 35 23 


Measurement of Colour Quality and Shade.—The dyed wool squares were fixed on glass 
plates, and measurements made on the Guild Trichromatic Colorimeter (Guild, Tvans. Optical 
Soc., 1925, 27, 106). 

Colour Quality.—The colour of the sample was then matched by adjusting the proportions 
of the three colour primaries of the instrument, and the result obtained in percentages; it is 
also expressed in terms of the colour standards X, Y, and Z recommended by the Commission 
Internationale de 1’Eclairage (1931). 

Reflecting Power (‘‘ shade’”’ or brightness).—The covering power of dyes will be inversely 
proportional to the amounts of light reflected from cloth dyed in a standard manner with 
equimolecular quantities of the dyes. By knowing the relative amounts of luminosity con- 
tributed by the three primaries when mixed in the quantities required to match any given 
colour, it is possible to determine the amount of light reflected independently of the colour 
quality. This (the shade) is expressed as the ratio of the brightness of the specimen to the 
brightness of the magnesium oxide screen when both are illuminated under standard conditions. 
Careful regulation of the voltage on the standard lamp is essential; all samples should be tested 
at the same period and while the same “‘ white light factor ”’ holds for the instrument. Under 
these conditions the shade percentages are reproducible to 0-05%. The difference of 0-1% 
in shade between the C, and the C,, sample (see Table III) shows probably a real difference 
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in the shade, but it is small enough to be caused by variations in the dyeing and need not 
represent a lower covering power of the dodecyl compound. 

Fluorescein (A) and 3’ : 6’-dichlorofluorescein (C) were prepared by the method of Baeyer 
(Annalen, 1887, 239, 357). The dichloro-compound had m. p. 285—286° (yellow plates), 
yellow-red in dilute sodium hydroxide solution, yellow in sulphuric acid, fluorescent. 4: 5- 
Dibromofluorescein (E), obtained by bromination of fluorescein (Phillips, J., 1932, 724), was 
purified through the diacetate and formed red plates, m. p. 283°. It was yellow-pink (fluorescent) 
in sodium hydroxide solution and yellow in concentrated sulphuric acid. The 4: 5-positions 
of the bromine atoms (Hewitt and Woodforde, J., 1902, 81, 893) were confirmed by a degradation 
similar to that carried out by von Baeyer on eosin (Amnalen, 1876, 183, 47). The dibromo- 
compound (5 g.), heated with 50% sodium hydroxide solution (100 c.c.) at 120° for 1 hour 
and at 130° for 15 minutes, yielded colourless needles (from ethyl acetate and then light 
petroleum), m. p. 200° softening at 187°. This product was soluble in sodium carbonate 
solution, and behaved as the expected 2-(3’-bromo-2’ : 4’-dihydroxybenzoyl)benzoic acid (Found : 
C, 49-9; H, 2:8. C,,H,O,Br requires C, 49-9; H, 27%). 

2-Bromo-1 : 3-dihydroxyanthraquinone.—From the above benzoylbenzoic acid (0-2 g.), 
boric acid (0-8 g.), and oleum (5 c.c. of 20%) at 100° for 20 minutes, a small yield of bright 
yellow needles (from pyridine), m. p. 263—264°, was obtained (Found: C, 52-7; H, 2-4. 
C,,H,O,Br requires C, 52-7; H,2-2%). Thereddish-blue solution of this 2-bromo-1 : 3-dihydroxy- 
anthraquinone in sulphuric acid became bluer on addition of boric acid, and the substance was 
soluble in sodium carbonate solution (to a red colour) owing to the presence of a 8-hydroxyl 
group. 

2-Bromoresorcinol.—The filtrate from the degradation experiment which had already 
yielded the benzoylbenzoic acid was extracted repeatedly with ether. The tarry residues 
from the evaporation of the ethereal extracts were extracted (Soxhlet) with light petroleum. 
Long colourless needles were thus obtained, m. p. 100°, easily soluble in water and alcohol, 
less soluble in benzene and in light petroleum. With aqueous ferric chloride they gave a 
purple colour (Found: C, 38-3; H, 2-8. Calc.: C, 38-1; H, 2-7%). Rice (J. Amer. Chem. 
Soc., 1926, 48, 3126) gives the m. p. of 2-bromoresorcinol as 102-5°. Consequently, the regulated 
bromination of fluorescein gives 4 : 5-dibromofluorescein. 

Attempts to prepare 3’ : 6’-dichloro-4 : 5-dibromofluorescein (G) by bromination of 3’ : 6’- 
dichlorofluorescein gave only mixtures containing di- and tetrabromo-compounds, m. p. 310— 
330°. 

2 : 7-Dihexylfiuorescein (B).—4-n-Hexylresorcinol (15 g.) (Dohme, Cox, and Miller, J]. Amer. 
Chem. Soc., 1926, 48, 1690) and phthalic anhydride (5-5 g.) were stirred for 2 hours at 200— 
205°. Excess of hexylresorcin»l was removed by heating in a vacuum, and the crushed residue 
was boiled with water and dried. Crystallisation from nitrobenzene gave yellow needles 
(yield 39%), which, on recrystallisation from aqueous alcohol, gave a mixture of yellow needles 
and red prisms, both melting at 245° (Found: C, 76-8; H, 7-5. C,,H;,0,; requires C, 76-8; 
H, 7:2%). The crystals yield pink fluorescent solutions in sodium hydroxide and yellow 
faintly fluorescent solutions in concentrated sulphuric acid. Fluorescein itself is dimorphous. 

4 : 5-Dibromo-2 : 7-dihexylfluorescein (F).—A solution of 2: 7-dihexylfluorescein (2 g.) in 
alcohol (50 c.c.), refluxed with bromine (1-5 g.) and potassium chlorate (0-25 g.) for 2 hours, 
yielded yellow needles (from alcohol), m. p. 188°. These gave a red solution in sodium hydroxide 
and yellow in sulphuric acid; no fluorescence (Found: Br, 24-5. C,,H,,0,Br, requires Br, 
243%). 

3’ : 6’-Dichloro-2 : 7-dihexylfluorescein (D), prepared by heating 4-hexylresorcinol (13 g.), 
3 : 6-dichlorophthalic anhydride (6-5 g.), and zinc chloride (2 g.) at 200° for 45 minutes, melted 
at 228—229° (Found: Cl, 12-5. C,,H,,0,Cl, requires Cl, 12-56%). The orange plates dissolved 
in sodium hydroxide to strongly fluorescent orange solutions; in concentrated sulphuric acid 
the colour was greenish-yellow, faintly fluorescent. 

3’ : 6’-Dichloro-4 : 5-dibromo-2 : 7-dihexylfiuorescein (H).—The _ dichlorodihexylfluorescein 
(2 g.), bromine (3 g.), and potassium chlorate (1 g.) in alcohol (65 c.c.), when refluxed for 2 hours, 
yielded pale yellow prisms, m. p. 169—170° (from glacial acetic acid). These gave a purple 
solution in 10% sodium hydroxide solution; the dilute solution was bluish-pink and fluorescent. 
The light btown solution in concentrated sulphuric acid did not fluoresce (Found: 5-89 mg. 
gave 5-46 mg. AgCl + AgBr. C,,H;,0,Cl,Br, requires 5-37 mg. AgCl + AgBr). 

Dyeing with the Fluorescein Dyes.—Experiments with neutral aqueous solutions were un- 
successful owing to the sparing solubility of the hexyl compounds, and more even dyeing was 
obtained by addition of small amounts of sodium carbonate; but the best results were obtained 
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with aqueous-alcoholic solutions. The dye (2-5 x 10 g.-mol. per g. of wool) was dissolved 
in alcohol (50 c.c. of 95%), acetic acid (1 c.c.) and water (50 c.c.) being added. The wool, 
previously wetted with boiling water and then with alcohol, was introduced into the cold and 
stirred dye-bath in a beaker. All the samples to be compared were dyed simultaneously by 
placing the beakers in a trough and stirring continuously while the solutions were raised during 
30 minutes to boiling, and then kept at the b. p. for 1 hour. . During this period, 50 c.c. of 
water were added to each beaker. Even when the dye-bath was not completely exhausted, 
the wool was removed, rinsed and dried, the unabsorbed dye being determined colorimetrically 
(see Tables IV and V). 


SUMMARY. 


The effects of increasing length of the alkyl chain in l-amino-2-alkylanthraquinones 
are: (1) A lowering of the m. p.; (2) a progressive shift and broadening of the 
absorption band; (3) a progressive increase in the extinction coefficient throughout 
the absorption band; (4) a rapid increase in general absorption up to the butyl, and very 
slow further increase to the dodecyl, homologue. 

On the blue dyes (1-amino-4-anilino-2-alkylanthraquinone derivatives), the effects of 
increasing alkyl are: (1) A progressive shift in the absorption band; (2) no appreciable 
increase in the extinction coefficients or the general absorption; (3) an increased rate of 
dyeing; (4) an increase in covering power on wool, probably constant after the heptyl 
homologue. ! 

Alkyl] groups in fluorescein dyes cause an increased absorption of red light and an increase 
of covering power. 

For the less soluble dyes aqueous-alcoholic dye-baths are essential for even dyeing. 


The authors thank the Department of Scientific and Industrial Research for a grant to one 
of them (G. J. M.), and Messrs. Imperial Chemical Industries Ltd. for the gift of valuable inter- 
mediates and for grants. They are also much indebted to Professor R. Robinson, F.R.S., for 
his interest and helpful advice. 
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411. The Nitration of Phthalonaphthylimides and the Facile 
Preparation of 8-Nitro-1-naphthylamine. 
By HERBERT H. Hopcson and J. HAROLD CROOK. 


AN electron-attracting substituent, such as the nitro- or the sulpho-group, when in the 
a-position of the naphthalene nucleus deactivates its ring so far as kationoid reagents are 
concerned and thereby promotes substitution in positions 5 and 8, with a marked preference 
for the latter. Based on this effect, a previous observation (Hodgson and Walker, un- 
published work) had indicated that phthalo-«-naphthylimide, despite the possession of a 
lone electron pair by the nitrogen, also is nitrated mainly in the 8’-position : this reaction 
has now been investigated in detail. 

The 8’-, 5’-, and 4’-nitro-derivatives of phthalo-«-naphthylimide are formed approxi- 
mately in the proportion 60 : 28 : 5 and from this it would appear that the two electron- 
attracting carbonyl groups (I) restrain the lone pair of electrons on the nitrogen atom to 
such an extent that they are almost unavailable for electromeric changes, since otherwise 
4'-nitration should predominate. Substitution in the phthalic acid nucleus appears to 
produce only minor variations (see table) in the amount of the 8 -nitro-compound formed. 

From the mixture of nitro-«-naphthylamines produced by aera HYarolysis of the phthal- 
imides, the 8-nitro-compound is extracted with 10% sulphuric acid and then the 5- is 
separated from the 4-nitro-compound by means of hot dilute hydrochloric acid, in which 
the latter is insoluble. 

The nitrations of diaceto-, dibenzo-, and di-m-nitrobenzenesulphon-«-naphthalides were 
undertaken because it was expected that they would be similar to that of the phthalo- 

















1, 
id 
oy 
ng 
of 


ly 





The Nitration of Phthalonaphthylimides, etc. 1845 


naphthylimide. The diaceto-compound appeared to hydrolyse during the nitration and all 
attempts to hydrolyse the nitrated dibenzo- and di-m-nitrobenzenesulphon-«-naphthalides 
failed. 

From the nitration product of phthalo-$-naphthylimide, after hydrolysis, only 5- and 
8-nitro-2-naphthylamines were isolated. This method of preparation of these com- 
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pounds appears to be much more convenient than that of Friedlander and Szymanski 
(Ber., 1892, 25, 2077). 

The volatility in superheated steam (0-75 g. per litre of distillate), the seid solubility 
in non-dissociating solvents, and the low melting point (97°) of 8-nitro-l-naphthylamine (cf. 
the m. p.’s of the 1 : 2-, 1 : 7-, and 1 : 6-isomerides, 144°, 123°, and 167° respectively) may 
be regarded as evidence of chelation of type (II) giving a stable five-membered ring. 
Chelation involving the amino-hydrogen atoms, such as occurs in o-nitroaniline (III), is 
much less probable, since a seven-membered ring would then be involved, and such rings 
have not yet been detected (see Sidgwick, “‘ Electronic Theory of Valency,’’ 1927, p. 251). 

The m-nitrobenzenesulphony] derivatives of 5- and 8-nitro-l-naphthylamine exhibit an 
interesting difference, in that the 8-nitro-compound is soluble, and the 5-nitro-compound 
insoluble, in aqueous sodium carbonate solution, thereby indicating the very powerful 
electron-attracting effect of the proximate peri-nitro-group (vide previous paragraph). 

All attempts to prepare malein-«-naphthylimide gave substances of indefinite m. p. 
(ca. 150—200°) and since the m. p. of this imide would not be expected to exceed that of 
the corresponding amic acid (150°) (by analogy with maleinanil, m. p. 91°, and maleic acid 
monoanilide, m. p. 198°), it is probable that addition of the reactants occurred to give 
compounds of type (IV). These mixtures were quantitatively hydrolysed, «-naphthyl- 
amine being regenerated, by boiling them under reflux with alcoholic potassium hydroxide 
for 8 hours. 


EXPERIMENTAL. 


Phthalo-a-naphthylimide.—a-Naphthylamine (286 g.; 2 mols.) was added in small portions 
to a boiling solution of phthalic anhydride (297 g.; 2 mols.) in tetrahydronaphthalene (500 c.c.), 
the water formed being allowed to distil away during the reflux period of 2 hours. The phthalo- 
a-naphthylimide obtained (490 g.; 90% yield), after being washed with cold benzene, crystallised 
from glacial acetic acid in small white prisms, m. p. 185° (Piutti, Gazzetta, 1885, 15, 480, gives 
m. p. 180—181°) (Found: N, 5-2. Calc.: N, 5-1%). 
3-Nitrophthalo-a-naphthylimide.—3-Nitrophthalic acid (13-2 g.) was converted into the 
anhydride by boiling with tetrahydronaphthalene (50 c.c.), «-naphthylamine (9 g.), dissolved in 
tetrahydronaphthalene (15 c.c.), was added, and the mixture boiled for 5 minutes only. The 
bright red product (15‘8 g.) (if the boiling is continued for 3 hours, the product is a black tar) 
was crystallised from glacial acetic acid (charcoal), giving 3-nitrophthalo-a-naphthylimide in pale 
yellow plates, m. p. 225° (Found: N, 9-0. C,,H,,O,N, requires N, 8-8%). 
4-Nitrophthalo-a-naphthylimide, prepared similarly, crystallised from glacial acetic acid 
(charcoal) in lemon-yellow plates, m. p. 212° (Found: N, 9-0%). It was much less readily 
decomposed by boiling in tetrahydronaphthalene solution than was the 3-nitro-isomeride. 
3-Chlorophthalo-a-naphthylimide formed colourless micro-needles, m. p. 191-5° (Found: 
Cl, 11-5. CygH,O,NCl requires Cl, 11-6%), 3: 4-dichlorophthalo-a-naphthylimide (boiling 
continued for 30 minutes) colourless micro-needles, m. p. 170° (Found: Cl, 20-8. C,,H,O,NCI, 
requires Cl, 20-8%), 3 : 6-dichlorophthalo-a-naphthylimide colourless plates, m. p. 217° (Found : 
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Cl, 20-6%), and letrachlorophthalo-a-naphthylimide colourless micro-crystals, m. p. 244° (Found : 
Cl, 34-5. C,,H,O,NCI, requires Cl, 34-6%), all being crystallised from glacial acetic acid. 

Succino-a-naphthylimide, formed when succinic acid (60 g.; 0-5 mol.) and «-naphthylamine 
(71-5 g.) were refluxed for 2 hours in tetrahydronaphthalene (120 c.c.), separated from glacial 
acetic acid in crystals, m. p. 153° (Pellizzari and Matteucci, Annalen, 1888, 248, 158, give m. p. 
153°). Phthalo-§-naphthylimide, prepared in the same way as the a-isomeride, crystallised 
from glacial acetic acid in colourless needles, m. p. 218° (Piutti, Joc. cit., gives m. p. 216°). 

Diaceto-a-naphthalide crystallised from a cooling solution of «-naphthylamine (143 g.) and 
acetic anhydride (240 c.c.) which had been refluxed for 1 hour (cf. Bamberger, Ber., 1899, 32, 
1803; Sudborough, J., 1901, 79, 539). 

Dibenzo-a-naphthalide.—A solution of «-naphthylamine (14-3 g.) in benzoyl chloride (50 c.c. ; 
60% excess) was boiled under reflux for 3 hours and kept overnight, and the separated dibenzo- 
a-naphthalide (17-5 g.) was removed, washed with alcohol, and recrystallised from glacial acetic 
acid, forming large, pale yellow plates, m. p. 198° (Found: N, 4:2. C,,H,,O,N requires N, 
40%). It was quantitatively hydrolysed to a-naphthylamine by boiling for 8 hours with 
alcoholic potash, and was converted into benzo-a-naphthalide by heating with concentrated 
aqueous ammonia at 150° for 3 hours. 

Di-m-nitrobenzenesulphon-a-naphthalide.—(a) a-Naphthylamine (14-3 g.), m-nitrobenzene- 
sulphonyl chloride (55-2 g.; 25% excess), and water (200 c.c.) were heated together at 90°, 
powdered sodium carbonate being added gradually until permanent alkalinity was obtained 
(after 1 hour’s stirring). Cold water (ca. 1 1.) was then added and the solid product was filtered 
off and stirred with 2% aqueous sodium hydroxide (300 c.c.) at 50° until no further dissolution 
occurred. ‘The residual di-m-nitrobenzenesulphon-a-naphthalide (9-7 g.) was washed with cold 
water and crystallised from glacial acetic acid (charcoal), forming colourless needles, m. p. 252° 
(Found: S, 12-4. C,,H,,O,N,S, requires S, 12-5%). The alkaline solution above, when 
acidified, deposited m-nitrobenzenesulphon-a-naphthalide (22-0 g.), which crystallised from 
glacial acetic acid or alcohol in colourless plates, m. p. 165° (Consden and Kenyon, J., 1935, 
1593, give m. p. 162—164°) (Found: S, 9-7. Calc.: S, 9-8%). (b) A saturated solution of 
m-nitrobenzenesulphon-«-naphthalide in 5% aqueous sodium hydroxide at 50°, on cooling 
to 15°, deposited large orange needles of the tetrahydrated ium salt (cf. Hodgson and Smith, 
J., 1935, 1854), which were removed, dried, and dia 4 nzene, and the solution refluxed 
for 15 minutes with m-nitrobenzenesulphony] chloride (25 g.). After cooling, the solid product 
was worked up as above. 

Malein-a-naphthylamic Acid.—When cold chloroform solutions of «-naphthylamine (14-3 g.) 
and maleic anhydride (9-8 g.) were shaken together, the mixture became warm and bright yellow 
needles of the amic acid rapidly separated. The product was very soluble in alcohol, from which 
it crystallised slowly in yellow micro-needles, m. p. 150° (Found: N, 5-6. C,,H,,O,N requires 
N, 58%). Dilute hydrochloric acid precipitated the amic acid unchanged from its colourless 
solution in aqueous sodium carbonate. 

Nitration of Phthalo-a-naphthylimide.—The compound (300 g.) was added portionwise to 
nitric acid (300 c.c. of d 1-4 + 300c.c. of d 1-5), maintained below 15°. After 1 hour’s agitation, 
the thick suspension was stirred gradually into water (2 1.) and the bright yellow mixture of 
phthalonitro-«-naphthylimides was filtered off, pressed, and washed with cold water. 

Hydrolysis of the mixture. (a) Complete hydrolysis (general method). The above mixture 
was heated for 1 hour at 120—130° with aqueous ammonia (600 c.c.; d 0-88) in an autoclave 
fitted with a mechanical stirrer. The tarry product was washed with water, dried, dissolved in 
nitrobenzene (1500 c.c.), and treated with dry hydrogen chloride until precipitation of the 
mixed nitronaphthylamine hydrochlorides was complete; the solid was filtered off, pressed, and 
washed with benzene to remove nitrobenzene. Yield, 222 g. 

(b) Partial hydrolysis (special method). The details are as for (a), exqept that the maximum 
temperature during the hydrolysis was 105°. The product was dissolved as far as possible in 
nitrobenzene (1500 c.c.); on passage of hydrogen chloride through the filtered solution, the 
salts of 4- and 5-nitro-l-naphthylamines only Were precipitated (they were separated as described 
below). The 8-nitro-isomeride was obtained by hydrolysis of the material insoluble in nitro- 
benzene and was purified as described under (a). , 

Separation of the mixed 4-, 5-, and 8-nitro-1-naphthylamines. The bases obtained from the 
mixed hydrochlorides (40 g.) were warmed to 95° with 10% sulphuric acid (2 1.) during 1 hour, 
and the cooled (15°) filtered solution made alkaline with ammonia. The 8-nitro-1-naphthy]l- 
amine (20 g.) thus precipitated was purified by dissolution (15 g.) in 10% sulphuric acid (1 1.) at 
95° and reprecipitation (14 g.) by ammonia. It then crystallised from ligroin (b. p. 80—100°) in 
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large red plates, m. p. 96—97° (Meldola and Streatfeild, J., 1893, 63, 1055, give m. p. 96—97°). 
The residue remaining after the initial extraction with 10% sulphuric acid was warmed to 95° 
with concentrated hydrochloric acid (340 c.c.) and water (4 1); 5-nitro-l-naphthylamine 
(9-4g.), precipitated from the cooled filtered solution by ammonia, crystallised from ligroin in deep 
red needles, m. p. 118—119° (Beilstein and Kuhlberg, Annalen, 1873, 169, 87, give m. p. 118— 
119°). The insoluble residue of 4-nitro-l1-naphthylamine (1-8 g.) crystallised from 90% formic 
acid in orange needles, m. p. 195° (Jit. 195°). 

Derivatives of 8-Nitro-1-naphthylamine.—The picrate formed yellow prisms, m. p. 139—141°, 
from alcohol (Found: N, 17:0. C,H,O,N,,CsH;O,N; requires N, 16-8%), and the benzoyl 
derivative colourless needles, m. p. 181°, from glacial acetic acid (Found: N, 9-6. C,;H,,0O;N, 
requires N, 9-6%). 

m-Nitrobenzenesulphon - 8 - nitro -«-naphthalide. Equimolecular quantities of 8 - nitro- 1 - 
naphthylamine and m-nitrobenzenesulphony] chloride reacted readily in aqueous sodium carbon- 
ate solution at 95° to give an orange-red solution of the sodium derivative of the desired pro- 
duct, which separated as a hydrate from the filtered liquid, on cooling, in orange needles, m. p. 
190—200° (with loss of water); the anhydrous sodium salt had m. p. 265° (Found: Na, 5-6. 
C,,H,0,N,SNa requires Na, 5-8%). Neutralisation of the alkaline solution above precipitated 
the m-nitrobenzenesulphon-8-nitro-a-naphthalide, which was sparingly soluble in alcohol and 
separated therefrom in colourless needles, m. p. 200° (Found : S, 8-4. Cj gH,,O,N,S requires S, 
8-6%). 

Di-m-nitrobenzenesulphon-8-nitro-a-naphthalide. The last-named compound was dissolved 
in aqueous sodium carbonate at 70—80° and shaken with excess of m-nitrobenzenesulphonyl 
chloride, and the insoluble product was filtered off, extracted with hot sodium carbonate solution, 
and crystallised from glacial acetic acid, forming colourless plates, m. p. 198—199° (Found : 
S, 11-3. C,.H,,Oi9N.S, requires S, 11-5%). 

Malein-8-nitro-x-naphthylamic acid separated slowly when warm chloroform solutions con- 
taining equimolecular quantities of maleic anhydride and 8-nitro-1-naphthylamine were mixed ; 
it crystallised from alcohol in pale yellow prisms, m. p. 198° (decomp.) (Found: N, 9-5. 
C,,4HO;N, requires N, 9-8%), and was readily soluble in aqueous sodium carbonate, from which 
it was precipitated unchanged by hydrochloric acid. 


Relative percentage amounts of 4-, 5-, and 8-nitro-l-naphthylamines (based on the amount 
of imide nitrated) obtained in a large number of moderately large-scale experiments 
by the method described for phthalo-«-naphthylimide. 


% Amounts of nitro-a-naphthylamines, 
Imide. 4-Nitro-. 5-Nitro-. 8-Nitro-. 

Phthalo-a-naphthylimide 60 
3-Nitrophthalo-a-naphthylimide 58 
4-Nitrophthalo-a-naphthylimide y 63 
4-Chlorophthalo-a-naphthylimide f 61 
3 : 4-Dichlorophthalo-a-naphthylimide 50 
3 : 6-Dichlorophthalo-a naphthylimide 68 
Tetrachlorophthalo-a-naphthylimide d 53 
Succino-a-naphthylimide 34 


Nitration of Phihalo-B-naphthylimide.—The imide (60 g.) was nitrated (nitric acid, 180 c.c., 
d 1-45) in the same way as the a-isomeride. Hydrolysis of the product with aqueous ammonia 
furnished a mixture of bases (37 g.) which was entirely free from tar (contrast the a-compounds). 
The mixture was crystallised first from alcohol (cf. Friedlander and Szymanski, Ber., 1892, 25, 
2077) and then from benzene. The 5-nitro-2-naphthylamine (9-9 g., m. p. 110—120°) thus 
obtained was recrystallised from ligroin (b. p. 100—120°), forming long crimson needles, m. p. 
145—146° (Friedlander and Szymanski, /oc. cit., give m. p. 143-5°) (Found: N, 15-0. Calc. : 
N, 14:9%). The picrate crystallised from alcohol in yellow hair-like needles, m. p. 208° (decomp.) 
(Found: N, 17-2. C,H,O,N,,C,H,O,N, requires N, 16-8%). Concentration of the mother- 
liquors above afforded 8-nitro-2-naphthylamine (11 g.), which was purified through its acetyl 
derivative. 

Nitration of Diaceto-a-naphthalide.—The naphthalide (23 g.; 0-1 mol.) was added gradually 
to nitric acid (75 c.c., d 1-4) at 0—15°, the reaction being complete in a few minutes. After 
30 minutes, the mixture was poured into water (400 c.c.) and the mixed nitro-compounds were 
worked up and separated by the procedure of Hodgson and Walker (J., 1933, 1206), yielding 
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5-3 g. of 2-nitro- and 9-0 g. of 4-nitro-l-naphthylamine. Analysis of the mixed nitro-compounds 
prior to hydrolysis showed that one acetyl group had been removed during the nitration. 


The authors thank the Department of Scientific and Industrial Research for a grant to 
one of them (J. H. C.), and Imperial Chemical Industries, Ltd. (Dyestuffs Group), for gifts of 
chemicals. 
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412. Studies in the Sterol—Oestrone Group. Part I. A Synthesis of 
3’-Keto-3 : 4-dihydro-1 : 2-cyclopentenophenanthrene. 


By J. C. BARDHAN. 


WITH the introduction of the correct formula for the sterols and bile acids by Rosenheim 
and King (Nature, 1932, 180, 315; Chem. and Ind., 1932, 51, 954; 1933, 52, 299; also 
Wieland and Dane, Z. physiol. Chem., 1932, 210, 274) rapid advances have been made in 
our knowledge of this group of natural products and a correlation of the structures of the 
various sex hormones with sterols has been made possible through their artificial production 
from the latter (Ruzicka, Goldberg, Meyer, Brungger, and Eichenberger, Helv. Chim. Acta, 
1934, 17, 1375; 1935, 18, 1264, 1478; Butenandt, Westphal, and Cobler, Ber., 1934, 67, 
1611, 2085; Fernholz, ibid., p. 2027; Marker, Kamm, Oakwood, and Laucius, J. Amer. 
Chem. Soc., 1936, 58, 1504 *). 

Despite numerous attempts (Robinson, J., 1933, 607; Kon, ibid., p. 1081; Cook, sbid., 
p. 1098, and many other papers), however, these substances have not so far been synthesised 
in the laboratory owing not only to the lack of suitable methods for the elaboration of the 
cholane structure but also to the difficult stereochemical problems which have to be 
overcome (compare, however, Robinson, this vol., p. 1088). This series of investigations 
has been undertaken with the object of synthesising the sterol derivatives or their 
stereoisomers and physiologically active ketones related to the sex hormones. 

The present communication, however, deals with the synthesis of the ketone (I), a 
preliminary account of which has already been published (Nature, 1934, 184, 217). The 


CH, CO 
Pa a Ne CO,Me*CH,°CO-CH,°CH,°CO,Me — (II.) 
Hf I CH, 
(I.) GC ot, 
Ons CO,Me-CH(COMe)-CO-CH,°CH,°CO,Me_ (III.) 
ll of 
WV\4 


starting point was methyl 6-ketoadipate (II), large quantities of which were prepared by an 
adaptation of Bouveault’s method for the synthesis of 8-ketonic esters (Bull. Soc. chim., 
1902, 27, 1038), 8-carbomethoxypropiony] chloride being brought into reaction with methyl 
sodioacetoacetate to give methyl §-keto-«-acetyladipate (III), which on treatment with 
ammonia in ethereal solution furnished the keto-ester (II) in an excellent yield. This 
substance showed all the properties of a 6-ketonic ester and on boiling with dilute hydro- 
chloric acid yielded levulic acid. On treatment with concentrated hydrochloric acid at 
the ordinary temperature, however, it was quantitatively hydrolysed, giving 8-ketoadipic 
acid, small quantities of which were also obtained by Kon and Nanji (J., 1932, 2560) 
by a different route. §-Ketoadipic acid is remarkably stable and in this respect resembles 
succinyldiacetic acid described by Willstatter and Pfannenstiel (Annalen, 1921, 422, 14). 

Methyl $-ketoadipate readily reacted with $-l-naphthylethyl bromide in presence of 
sodium methoxide, and the product (IV) on treatment with cold concentrated sulphuric 
acid underwent Bougault cyclisation (Compt. rend., 1915, 159, 745; Auwers and Moller, 

* It is remarkable that the reduction of dehydromeoergosterol should have led only to the trans- 
locking of rings II and III to the exclusion of the other possible alternative. 
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J. pr. Chem., 1925, 109, 124; Fieser and Hershberg, J. Amer. Chem. Soc., 1935, 57, 1851), 
giving 2-carboxy-3 : 4-dihydrophenanthrene-1-8-propionic acid (V), m. p. 237—238°, which on 
ketonisation with acetic anhydride afforded the ketone (I), m. p. 210°. As an additional 
control on its constitution it was reduced by Clemmensen’s method and the resulting oil 
dehydrogenated with selenium, a good yield of 1: 2-cyclopentenophenanthrene being 
obtained. An extension of this work to $-7-methoxy-l-naphthylethyl bromide and its 
isomerides is in hand. 


CH, CH, 
CH, CH-CO,Me CH, C-CO,H 
(IV.) (XK) CO-[CH,].*CO,Me DRX C-(CH,],,CO,H_  (V.) 
W\4 VAY 


8-Phenylethyl bromide also condensed with methyl 8-ketoadipate in the expected 
manner, giving the keto-ester (VI), which was converted into the methyl derivative (VII). 
Preliminary attempts have been made to cyclise it to the keto-ester (VIII) with a view to 
investigate the action of dehydrating agents on the latter. 


CH, CH, H.C te CO 
a Z ZN 
CH, CH-COMe CH, ¢MeCO-[CH,]CO,Me CH, H, 
~ CO+[CH,],-CO,Me (S CO,Me ‘ ~~ CO—CH-CO,Me 
| | | 
\F (VI.) bf (VIT.) \F (VIII.) 
CH, 0 CH, 
MH, CMe \cu-cHo Hi, Me-CO,H 
(IX, CH CH—CH, CH CH-[CH,],*CO,H 
A\/ \ ha A\/ \ a | 
meh |! éq mea | ty OM) 
WAN ire WM \ 408s 
CH, CH, 


It should be mentioned in this connection that the m. p. of the ketone (I) differs from 
that of the dicarboxylic acid (V) from which it is derived by only a few degrees. This is 
rather unusual; and it seemed of interest to compare the behaviour of the methyl ether 
of oestrone with the related dicarboxylic acid (X), which does not appear to have been 
made before. Ethyl formate was condensed with the methyl ether of oestrone (Butenandt, 
Stérmer, and Westphal, Z. physiol. Chem., 1932, 208, 167; Cohen, Cook, and Hewett, J., 
1935, 449) in presence of sodium to give the formyl derivative (IX). This substance in 
marked contrast to that of hydroxymethylenecamphor shows none of the acidic properties 
of the latter. On treatment with hydroxylamine hydrochloride, however, followed by 
hydrolysis of the product with an excess of alkali, it gave a good yield of (X), m. p. 251— 
252° (compare, for instance, Lapworth, J., 1900, 77, 1062). According to the accepted 
views on the stereochemical configuration of oestrone this new acid should belong to the 
trans-series, and as is to be expected, the acid on ketonisation with acetic anhydride 
furnished the methyl ether of oestrone as the sole product. The dehydrogenation of the 
acid (X) has yielded interesting results; these together with the corresponding products 
from equilenin will be dealt with in a subsequent communication. 


EXPERIMENTAL. 


Methyl @-Keto-a-acetyladipate (III).—A solution of methyl acetoacetate (116 g.) in dry ether 
(300 c.c.) was added to a suspension of finely divided sodium (23 g.) in ether (1000 c.c.), cooled 
in a freezing mixture. When the formation of the sodio-derivative was complete, 150 g. of 
succinic half-ester half-chloride (obtained from 140 g. of methyl hydrogen succinate by the 
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action of thionyl chloride and removal of excess of the reagent in a vacuum) in ether (400 c.c.) 
were gradually introduced with cooling, and after 12 hours the mixture was refiuxed for 1 hour 
to complete the reaction. Ice and dilute hydrochloric acid were then added and the separated 
aqueous layer was extracted several times with ether; the combined ethereal solutions were 
washed with a little water, dried, and evaporated. The residual oil, consisting of a mixture of 
C-acyl and O-acy] esters, was treated with an ice-cold concentrated solution of sodium carbonate, 
and the undissolved oil collected in ether; the process was repeated several times until no more 
oil dissolved in sodium carbonate solution. The combined alkaline solutions were extracted 
once more with ether to remove any oily matter and cautiously acidified with ice-cold dilute 
hydrochloric acid, and the oil which separated collected in ether, dried, and distilled. Methyl 
8-keto-x-acetyladipate formed an almost colourless liquid, b. p. 137°/0-5 mm. (bath 160—165°) 
(Found: C, 51-8; H, 6-3. C,,H,,O, requires C, 52-1; H, 6-1%). Ferric chloride imparts a 
deep red coloration to its alcoholic solution. 

The alkali-insoluble oil recovered in the above process still gave a ferric reaction and was 
not further examined. 

Methyl 8-Ketoadipate (I1).—The diketo-ester (III) (120 g.), dissolved in dry ether (200 c.c.), 
was cooled in a freezing mixture and saturated with dry ammonia gas. After 12 hours the clear 
solution was washed with water and‘with cold dilute hydrochloric acid, dried (sodium sulphate), 
and distilled, methyl 8-ketoadipate being obtained as a colourless oil, b. p. 122°/0-5 mm. (bath 
145—150°) (Found : C, 50-8; H, 6-4. C,H,,0, requires C, 51-1; H,6-4%). It gives a reddish- 
brown coloration with ferric chloride. 

Ethyl acetoacetate can be used instead of methyl acetoacetate in the above reaction without 
materially affecting the yields of the corresponding mixed esters, methyl ethyl B-keto-x-acetyl- 
adipate, b. p. 136°/0-6 mm. (Found : C, 54:1; H, 6-5. C,,H,,0, requires C, 54-1; H, 6-6%), 
and methyl ethyl 8-ketoadipate, a colourless oil, b. p. 123°/0-5 mm. (Found: C, 53-4; H, 6-8. 
C,H,,O, requires C, 53-5; H, 6-9%). 

Methyl 8-ketoadipate (1 c.c.) readily dissolved in concentrated hydrochloric acid (9 c.c.) 
at the ordinary temperature and the solution, on being evaporated over potassium hydroxide 
in a vacuum desiccator, deposited the corresponding acid in a crystalline state. On recrystallis- 
ation from ethyl acetate-light petroleum (b. p. 60—80°) 6-ketoadipic acid formed colourless 
needles, m. p. 125—126° (decomp.) (Found: C, 45-2; H, 5-0. Calc.: C, 45-0; H, 5-0%). 
After long keeping, it was transformed into a liquid which, on treatment with semicarbazide 
acetate, furnished the semicarbazone of levulic acid, m. p. and mixed m. p. 184—185°. 

On boiling for a short time with dilute hydrochloric acid methyl $-ketoadipate gave levulic 
acid as the chief product, which was identified by its b. p. 152—156°/15 mm. (Found: C, 51-4; 
H, 7-1. Calc.: C, 51-7; H, 6-9%), and semicarbazone, m. p. 184—185°. 

Condensation of B-1-Naphthylethyl Bromide with Methyl 8-Ketoadipate.—Methy] 8-ketoadipate 
(18-8 g.) was slowly mixed with a solution of sodium (2-3 g.) in methyl alcohol (50 c.c.) cooled 
in ice, 8-1-naphthylethyl bromide (24 g.) added, and the whole gently boiled for 18 hours under 
reflux. On cooling, the product was poured into a large volume of water and extracted with 
ether, and the extract washed with water, dried, and evaporated. Methyl B-keto-«-(B’-1-naphthyl- 
ethyl)adipate (IV) distilled with slight decomposition as a colourless oil, b. p. ca. 195°/0-5 mm. 
(Found: C, 70-3; H, 6-6. C,,H,,O, requires C, 70-2; H, 64%). It gave a positive ferric 
reaction. 

2-Carboxy-3 : 4-dihydrophenanthrene-1-8-propionic Acid (V).—The cyclisation of the keto- 
ester (IV) was carried out with the crude product and it was found convenient to work with 
small quantities ata time. Concentrated suphuric acid (d 1-84; 5.c.c.) was slowly dropped into 
the oil (2 c.c.), cooled in ice and salt, the mixture being vigorously shaken after each addition. 
After standing for a short time, the brown solution was diluted with a large volume of ice-water, 
and the flocculent precipitate collected. The crude product was hydrolysed with 10% methyl- 
alcoholic potash, excess of alcohol removed on the steam-bath, the solution filtered, cooled, 
and acidified, and the crystalline acid collected. On two crystallisations from acetic acid 
(charcoal) 2-carboxy-3 : 4-dihydrophenanthrene-1-8-propionic acid formed magnificent colourless 
plates, m. p. 237—238° (Found: C, 72-9; H, 5-5; equiv., by titration, 148-5. C,,H,,.O, 
(dibasic) requires C, 73-0; H, 5-4%; equiv., 148]. The methyl ester, prepared by refluxing the 
acid with alcohol and sulphuric acid, crystallised from aqueous. methyl alcohol (charcoal) in 
colourless needles or plates, m. p. 75° (Found: C, 74:3; H, 6-1. C,H, 0, requires C, 74-1; H, 
6-2%). 

3’-Keto-3 : 4-dihydro-1 : 2-cyclopentenophenanthrene (I).—The acid (V) (1 g.) was gradually 
heated with acetic anhydride (10 c.c.) in an air-bath to 155° until most of the acetic acid and 
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acetic anhydride distilled. The heating was then continued under reduced pressure (high 
vac.), the temperature being allowed to rise slowly above 210°. The yellow product which 
distilled was collected; after treatment with dilute sodium hydroxide solution and repeated 
crystallisation from dilute acetone (charcoal) it formed pale yellow scales, m. p. 210° (Found : 
C, 86-9; H, 6-0. C,,H,,O requires C, 87-2; H, 60%). With semicarbazide acetate it formed 
a sparingly soluble semicarbazone, which did not melt at 285°. 

1 : 2-cycloPentenophenanthrene.—A solution of the ketone (I) (0-2 g.) in acetic acid (10 c.c.) 
was heated with amalgamated zinc (5 g.) and concentrated hydrochloric acid (3 c.c.) at 120° 
in a slow current of hydrogen chloride for 7 hours. The mixture was diluted with water and 
extracted with ether, and the extract washed with sodium carbonate solution, and water, dried, 
and evaporated. The residual fluorescent oil was heated with selenium powder (1 g.) at 310— 
330° for 21 hours, an appreciable quantity of a crystalline solid collecting in the cooler part of 
the tube. After extraction with ether and removal of the solvent the solid residue was purified 
through its s-trinitrobenzene complex. It then separated from dilute alcohol in colourless 
plates, m. p. 135° (Found: C, 93-5; H, 6-4. Calc.: C, 93-6; H, 6.4%). This substance, its 
picrate (m. p. 133°), and its s-trinitrobenzene complex (m. p. 166°) did not depress the m. p.’s 
of the corresponding compounds prepared from authentic 1 : 2-cyclopentenophenanthrene. 

Methyl 8-Keto-a-(8’-phenylethyl)adipate (V1).—®-Phenylethyl bromide was condensed with 
methyl @-ketoadipate exactly as described in the case of §-l-naphthylethyl bromide; the 
product on distillation formed a colourless liquid,’b. p. 185°/1 mm. (Found: C, 65-7; H, 6:7. 
C,6H.,O, requires C, 65-8; H, 6-9%), giving a reddish-violet coloration with alcoholic ferric 
chloride. 

Methyl 8-Keto-a-methyl-a-(8’-phenylethyl)adipate (VII).—The keto-ester (VI) (29-2 g.) was 
introduced into a solution of sodium (2-3 g.) in methyl] alcohol (50 c.c.) and to the mixture, cooled 
in ice, methyl iodide (10 c.c.) was added. The reaction mixture was kept in ice over-night and 
finally heated on the steam-bath until neutral. The ester formed a colourless oil, b. p. 189°/1 mm. 
(Found: C, 66-4; H, 7-0. C,,H,.O, requires C, 66-7; H, 7:2%). It did not develop any 
coloration with ferric chloride, and reacted vigorously with pulverised sodium in dry benzene, 
giving a product which is under examination. 

Condensation of Oestrone Methyl Ether with Ethyl Formate.—The ether (1-5 g.),m. p. 168—169°, 
prepared by the methylation of oestrone with methyl sulphate and alkali (Butenandt, Stérmer, 
and Westphal, Joc. cit., p. 167), ethyl formate (2 c.c.), and finely divided sodium (1 g.) were 
allowed to react in dry benzene (30 c.c.) for 15 hours. Excess of water was added, the aqueous 
layer isolated and acidified, and the colourless solid collected. On recrystallisation from dilute 
acetone the formyl derivative (IX) formed shining scales, m. p. 170—171° (Found: C, 77-0; 
H, 7°5. Cy )H,,O, requires C, 76-9; H, 7-7%) (yield, almost quantitative). It was insoluble 
in sodium bicarbonate solution, but dissolved readily in dilute sodium hydroxide solution. Its 
alcoholic solution produced a characteristic violet coloration on the addition of ferric chloride. 

7-Methoxy-2-methyl-1:2:3:4:9:10: 11: 12-octahydrophenanthrene-2-carboxylic-1-B-pro- 
pionic Acid (X).—The formyl] derivative (IX) (1 g.) was gently warmed with sodium hydroxide 
(1 g. in water, 5 c.c.), the product cooled and rapidly mixed with hydroxylamine hydrochloride 
(1 g. in a small quantity of water), and the clear solution obtained on shaking, heated on the 
steam-bath for 15 minutes. The pasty mass was heated with an excess of 33% potassium 
hydroxide solution on the steam-bath until no more ammonia was evolved. The solution was 
diluted, filtered, and cautiously acidified. The acid on recrystallisation from dilute acetic acid 
(charcoal) formed minute colourless prisms, m. p. 251—252° [Found : C, 69-5; H, 7-6; equiv., 
by titration, 174:5. C,),H,,O, (dibasic) requires C, 69-4; H, 7-5%; equiv., 173]. On dehydro- 
genation with selenium it gave a crystalline hydrocarbon which is under investigation. 

The foregoing acid on distillation with acetic anhydride in the usual way (p. 1850) furnished 
an oil which on treatment with acetone formed crystals, m. p. 150—152°. On repeated 
crystallisation, however, the m. p. was raised to 164—165° (Found: C, 80-3; H, 8-3. Calc.: 
C, 80-3; H, 8-5%), and the product evidently consisted of the methyl ether of oestrone. 


In conclusion, I desire to thank Prof. J. F. Thorpe, C.B.E., F.R.S., for his interest in this 
research, and Dr. O. Rosenheim, F.R.S., for a gift of oestrone. 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, October 17th, 1936.] 
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413. Terpene Compounds. Part III. A Synthesis of 
isoFenchocamphononic Acid. 


By J. C. BARDHAN and N. C. GANGULY. 


THE hydration of «-fenchene by Bertram and Helle’s method (J. pr. Chem., 1900, 61, 293; 
also Wallach, Annalen, 1907, 357, 56; 1908, 363, 3) furnishes a secondary alcohol, from 
which on oxidation isofenchone, CgH,,O, is obtained. From theoretical considerations 
Semmler (‘‘ Die Atherischen Ole,’’ III, 548) first represented the ketone as (I) and it was 
subsequently found by Wallach (Annalen, 1908, 362, 196) that on oxidation with alkaline 
permanganate it formed a dibasic acid, isofenchocamphoric acid, which must therefore be 
(II). In conformity with these views it was demonstrated by Aschan (Amnalen, 1912, 
387, 20) that tsofenchocamphoric acid on bromination furnished a monobromo-acid, which 
was converted into the related hydroxy-acid, and the latter on fusion with potassium 
hydroxide was decomposed into aaa’a’-tetramethylglutaric acid and formic acid. On 
treatment with lead peroxide, however, the hydroxy-acid yielded a ketonic acid, isofench- 
ononic acid, which was represented by Aschan as (III). 


CH,—CMe-CO CH,—CMe-CO,H CH,—CMe-CO,H 
2 H 2 H 2 2 H 2 
bate, do bate, H-CO,H CMe,-CO- 
(I.) (II.) (IIL.) 


Although these experiments of Aschan clearly demonstrated the correctness of the 
formule assigned to isofenchone (I) and isofenchocamphoric acid (II), it seemed to us of 
interest to confirm the analytical results by synthesis. We directed our attention, in the 
first instance, to the important ketonic acid (III), since we thought it might be a valuable 
starting point for the synthesis of (I) and (II). Our first attempt to synthesise this acid 
failed because we were unable to isolate the desired cyclic imino-compound by the condens- 
ation of mesitononitrilecyanohydrin (Lapworth, J., 1904, 85, 1223) with ethyl sodiocyano- 
acetate according to Higson and Thorpe’s method (J., 1906, 89, 1466). The following 
method, however, was successful. 


(IV.) CO,Et-CMe,*CH,*CMe:C(CN)CO,Et [it gicogte 


l H-CO,Et = (V1) 
(V.) CO,H-*CMe,°CH,°CMe(CO,H)-CH,°CO,H Me,-CO 

Ethyl aa-dimethyl-levulate was condensed with ethyl cyanoacetate in presence of 
piperidine to give the unsaturated cyano-ester (IV); this, reacting with potassium cyanide 
(Lapworth and McRea, J., 1922, 121, 2752), gave a product the hydrolysis of which with 
concentrated hydrechloric acid yielded 88-dimethylpentane-«B8-tricarboxylic acid (V), m. p. 
200—201°. The etayl ester of (V) on condensation by means of granulated sodium gave 
ethyl 2 : 2 : 4-trimethylcyclopentan-1-one-4 : 5-dicarboxylate (VI) in 70% yield. The latter 
was hydrolysed with dilute hydrochloric acid to 2: 2: 4-trimethyleyclopentan-l-one- 
4-carboxylic acid, m. p. 70—71°, which was further characterised by the formation of a 
semicarbazone, m. p. 225—226°. Direct comparison is impossible owing to lack of the 
material, but there can be little doubt that the synthetic acid is identical with the tso- 
fenchononic acid (III) isolated by Aschan (loc. cit., p. 80). This synthesis of tsofenchononic 
acid lends support to Semmler’s formulation of tsofenchone (I), and we are engaged in 
further experiments with it in order to synthesise isofenchone and isofenchocamphoric 
acid. 

EXPERIMENTAL. 


Ethyl aa-Dimethyl-levulate.—aa-Dimethy]-lavulic acid was prepared from mesityl oxide 
essentially as described by Lapworth (loc. cit., p. 1219). In working up large quantities of 
material, however, it was found convenient to remove the alcohol as far as possible under 
reduced pressure. The residue was then heated for a short time with an excess of concentrated 
hydrochloric acid, and the whole evaporated to dryness on the steam-bath. The solid acid 
(semicarbazone, m. p. 195—196°) isolated by repeated extractions with ether was esterified with 
alcoholic hydrogen chloride, the ethyl ester being obtained in 90% yield, b. p. 97—98°/16 mm. 
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Ethyl a-Cyano-88-dimethyl-A*-pentene-a8-dicarboxylate (IV).—A mixture of ethyl ««-dimethyl- 
levulate (172 g.), ethyl cyanoacetate (113 g.), anhydrous sodium sulphate (30 g.), and piperidine 
(6 c.c.) was heated on the steam-bath for 80 hours, the cooled product poured into water and 
slightly acidified with dilute hydrochloric acid, and the heavy oil collected in ether. The 
ethereal solution was washed with sodium bicarbonate solution, dried, and distilled. A con- 
siderable portion of a constant-boiling mixture of unchanged materials was first collected 
and there remained in the distillation flask an appreciable amount of a high-boiling residue. 
The low-boiling fraction was again treated with piperidine and anhydrous sodium sulphate 
as before. The process was repeated several times and the combined high-boiling residues 
were purified by distillation under diminished pressure. Ethyl a-cyano-B8-dimethyl-A*-pentene- 
«8-dicarboxylate formed an almost colourless oil, b. p. 165°/4 mm. (Found: C, 62-7; H, 8-1. 
C,,H,,0O,N requires C, 62-9; H, 7-9%). 

88-Dimethylpentane-aB8-tricarboxylic Acid (V).—The unsaturated cyano-ester (26-7 g.), 
dissolved in rectified spirit (130 c.c.), was mixed with a solution of 14 g. of 98% potassium 
cyanide (2 mols.) in water (30 c.c.). The solution, which became warm, on being kept at the 
ordinary temperature for 7 days was filled with crystals of the potassio-derivative of the con- 
densation product. This after removal of the alcohol was heated with concentrated hydrochloric 
acid for 6 hours. A solution of the resulting acid (20 g.) in alcohol (50 c.c.) and concentrated 
sulphuric acid (5 c.c.) was heated at 110° in a current of alcohol vapour for 6 hours and ethyl 
88-dimethylpentane-aB8-tricarboxylate (as V), after rectification under diminished pressure, 
was obtained in excellent yield as a colourless mobile oil, b. p. 161°/4 mm. (Found: C, 60-6; 
H, 89. C,,H,,O, requires C, 60-8; H, 8-9%). The ester was quantitatively hydrolysed by 
boiling concentrated hydrochloric acid; the solution on evaporation yielded the corresponding 
acid, which on recrystallisation from dilute hydrochloric acid formed colourless prisms, m. p. 
200—201° [Found: C, 51-8; H, 7:0; equiv., by titration, 77-6. Cj, 9H,,O, (tribasic) requires 
C, 51-7; H, 6-9%; equiv., 77-3]. On one occasion during the distillation of the triethyl ester 
a high-boiling product was obtained which, on cooling, solidified to a crystalline mass and on 
purification from light petroleum (b. p. 60—80°) (charcoal) formed colourless plates, m. p. 
88—89°, evidently consisting of an ester-imide (Found: C, 59-9; H, 8-1; N, 5-9. C,,H,,O,N 
requires C, 59-8; H, 7-9; N, 5-8%). This on hydrolysis with concentrated hydrochloric acid 
furnished the tricarboxylic acid, m. p. 200—201°, in a state of purity. 

Ethyl 2: 2: 4-Trimethylcyclopentan-1-one-4 : 5-dicarboxylate (V1).—Ethyl 88-dimethylpent- 
ane-«§8-tricarboxylate (31-6 g.) was added to granulated sodium (4-6 g.) covered with benzene 
(45 c.c.); the whole was heated on the steam-bath for a short time to start the reaction, and 
again, finally, for 2 hours to complete it. The cooled product was decomposed with ice and 
dilute hydrochloric acid, and the benzene layer separated, washed with dilute sodium carbonate 
solution, and water, and distilled. Ethyl 2: 2 : 4-trimethylcyclopentan-1-one-4 : 5-dicarboxylate 
was obtained as a colourless oil, having a characteristic sweet smell, b. p. 135°/4 mm. (yield, 
70%) (Found: C, 61-5; H, 8-3. C,,H,,O, requires C, 62-2; H, 8-1%). The ester gave an 
intense violet colour with ferric chloride. 

2:2: 4-Trimethylcyclopentan-1-one-4-carboxylic Acid (III).—The keto-ester above (20 g.) 
was hydrolysed by boiling with concentrated hydrochloric acid (35 c.c.) and water (100 c.c.) 
for 5 hours. The product, which still contained undissolved oil, was cooled, saturated with 
ammonium sulphate, and repeatedly extracted with ether. After removal of the solvent the 
residual oil was hydrolysed with 10% methyl-alcoholic potassium hydroxide. The keto-acid 
was recovered from the alkaline solution as an oil, which quickly solidified on cooling in ice and 
crystallised from light petroleum (b. p. 60—80°) (charcoal) in clusters of well-formed prisms, 
m. p. 70—71° (Found: C, 63-4; H, 8-2. Calc.: C, 63-5; H, 8-2%). Aschan (loc. cit., p. 79), 
who crystallised isofenchononic acid from water, gives m. p. 68—70°. 

The semicarbazone, which slowly separated when the keto-acid was heated with semi- 
carbazide acetate for some time, crystallised from aqueous alcohol as a sandy powder, m. p. 
225—226° (decomp.) (Found: C, 52-5; H, 7-6; N, 21-3. Calc.: C, 52-4; H, 7-5; N, 21-2%). 
Aschan (/oc. cit.) gives m. p. 221°. The ethyl ester, prepared by boiling the keto-acid with 
alcoholic hydrogen chloride, formed a colourless oil, b. p. 96—97°/3 mm. (Found: C, 66-3; 
H, 9-1. C,,H,,0, requires C, 66-7; H, 91%); it gave a semicarbazone, which on repeated 
crystallisation from methyl alcohol separated in minute colourless scales, m. p. 180—181° 
(Found: C, 56-5; H, 8-4. C,,H,,O,N, requires C, 56-5; H, 8-2%). 


UNIVERSITY COLLEGE OF SCIENCE, CALCUTTA. [Received, October 17th, 1936.] 
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414. The Halogenation of Phenolic Ethers and Anilides. Part VIII. 
Alkoxy- and Dialkoxy-benzophenones and Dialkoxydiphenylsulphones. 
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In continuation of previous work (Bradfield and B. Jones, J., 1928 e¢ seg.; B. Jones, 1935, 
1831, 1835), measurements have now been made of the velocities of chlorination in 99° 
acetic acid of a series of six symmetrical and seven unsymmetrical pp’-dialkoxybenzophen- 
ones, six symmetrical $p’-dialkoxydiphenylsulphones, and five p-alkoxy- and fifteen mono- 
substituted alkoxy-benzophenones. In the sulphone series only modifications of the group 
R of OR are considered, but in the benzophenones a study of the influence on the reaction 
velocity of polar groups in the nucleus not undergoing substitution has also been made. 

Kinetic Aspects of the Measurements.—The measurements were carried out by the method 
employed in previous parts of this series, the velocity coefficients being calculated from the I 
usual expressions for a bimolecular reaction. Since ’-dialkoxy-benzophenones and 
-diphenylsulphones have four o-positions available for substitution, consecutive reactions 
must occur with all members of these series. Consideration of the possible reactions shows 
that, when substitution has occurred in the o-position to one group OR, then, in these series, 
as in most previous cases, substitution in the remaining o-position of the same nucleus will 
be so slow as to be entirely negligible. On the other hand, substitution ortho to the second 
alkoxy-group in the opposite nucleus will occur and, as anticipated, the velocity of this 
reaction is appreciable. Whereas, for instance, the velocity of chlorination of #-chloro- 
phenetole to give 2 : 4-dichlorophenetole is 2-44 as compared with 0-0057 for the chlorin- 
ation of the latter, direct measurement has shown that the velocities of chlorination of 
4 : 4’-dimethoxybenzophenone and its 3-chloro-derivative are 4-64 and 1-54 respectively. 
In order to obtain true velocity values, therefore, the primary reaction has to be isolated and 
initial velocities studied. This was best achieved, and satisfactory coefficients obtained, 
by increasing the molecular ratio of ether to chlorine to 3:1 and confining the observ- 
ations as far as possible to the first half of the reaction. 

Substances of the types -RO-C,H,°COPh and #-RO-C,H,°CO-C,H,X are of the simpler ] 
type investigated in earlier papers, substitution occurring only in the ortho-position to the 
group OR. 

The mean velocity coefficients are given in Table I, in which concentrations are given 
in g.-mols. /I. 

Discussion of Results —Symmetrical pp'-dialkoxy-benzophenones and -diphenylsulphones. 
The discovery of the same additive relationships for these series as for the simpler phenyl 
ethers of the type RO-C,H,X is a significant feature of the present data. The examination 
of such compounds would appear to involve a marked departure from the general type 
studied hitherto, in that two nuclei are available for substitution. Since the velocity 
coefficients recorded relate to chlorination in only one of the nuclei at a time, it is apparent 
that the series may be regarded as of the general type -RO-C,H,X, where X, although 
not identical as in previous cases, is effectively the same in spite of the variation in the 
alkoxy-group within it. Consequently, by analogy with the expressions developed in 


— es 








previous parts, the following expressions may be set up : * ; 
For RO-C,H,°CO-C,H,-OR, ’ 
R(obs.) = 4ho%o.c.uyor = 4PZe~Cor + 2p-co-cenyowh/? t 
Similarly, for R’O-C,H,-CO-C,H,-OR’, , 
k'(obs.) = 422% o.cn-on- = 4P-Ze-Cor’ + #p-co-cuyon RT : 

Neglecting the small variations in Z due to differences in molecular weight, and, as in 
previous papers, assuming P (where P = PS of earlier papers) constant for closely related i 
ethers, then if E, co.cn,or = Ey-co-cguyor» We have ‘ 
RS 0-ceHor’/ Re b0-cHy-OR = cor — For)/RT c 
V 


* For notation, see J., 1928, 1010. 
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TABLE I. 


Velocity coefficients for the chlorination of substances of the types 
(a) (p)RO-C,H,°CO-C,H,OR’(p) and (b) (p)RO-C,H,°SO,°C,H,-OR'(p) in 99% 
acetic acid, at 20°. 
[Cl,] = 0-0075; [HCI] = 0-0375. 











Type (a). Type (b). 
Concn. of ether .........ccccsescesesees 0°0225 0°0150 6°0075 0°0225 0°0150 
Mol. PTOPD. «.0.-seeeeeeeeeeeeesesereeees 3 2 1 3 2 
R= H 4°64 4°65 4°88 0-110 0°115 
9-4 — — 0°223 0°231 
10°28 — — 0°247 0°263 
22°6 — — 0°536 0°552 
10°48 — — 0°247 0°255 
10°31 — — 0°249 0°261 
R= - CH, »R’ = °C 2H; 6°96 7:07 7°24 
- n-C,H, occcessccvocese 7°34 7°42 — 
* A gTllg occcccsscrscese 7°30 7°42 — 
as ge: errr 7°53 7°42 — 
a ccvcccees 2°77 2°82 3°05 
R=C H;,R’ =e BUH, ones cecccece 9°83 — — 
od n-CsHy, sescecaceces 9°74 — — 
Type (a). ([Cl,] = 0°0050; [ether] = 0°0150; [HCl] = 0-0250. 
k. k. 
R ae CHR’ ae Chg nn cccscecccccsocccess 4°53 R = CH, R’ = n-CyHy,  ..ccccccceseces 7°18 
os Gg eenccsscacsesesccces 6°78 “* 9-C gH gs cccccccccsccees 7°33 


Velocity coefficients for the chlorination of substances of the type 
(p)MeO-C,H,°CO-C,H,Cl(m)-OR(p) 
in 99°% acetic acid, at 20°. 
[Cl,] = 0°0075; [ether] = 0-0225; [HCI] = 0°0375. 
R= CH, C,H,  1»-C,H, 
k= 1°54 1°58 1°59 
Velocity coefficients for the chlorination of substances of the type (p)RO*C,H,CO-C,H,X in 
99% acetic acid, at 20°. 
[Cl,] = 0-0075; [ether] = 0°0225; [HCl] = 0°0375. 


Group R. Group X. k. Group R. Group X. k. 
CH, H 1:26 CH, o-F 0°595 
me p-CH, 1°68 - o-Cl 0°47 
. p-F 1:07 “ o-Br 0°46 

p-Cl 0°87 C,H, H 2-50 

p-Br 0°85 a p-Cl 1:73 
; p-NO. 0°385 n-C,H, H 2°82 
: m-CH, 154 m-NO, 0:97 
i m-F 0°78 n-C,H,, H 2°79 
6 m-Br 0°775 n-C,H,, H 2-69 
oe m-NO, 0°44 CH. ‘Cl CH, o-Cl 07115 


Justification for the view that the general polar influence of the #-substituents 
RO-C,H,°CO: in modifying the velocities of chlorination is virtually the same is provided 
by (1) the similarity of the dipole moments of anisole and phenetole, (2) the fact that the 
difference in the strengths of #-methoxy- and #-ethoxy-benzoic acids makes it probable 
that the small general field or inductive influence of these groups added to the much larger 
effects of thenearer carbonyl orsulphony] group will be negligibly different. Direct evidence, 
which in this case is as near to experimental proof as can be obtained, is provided by the 


velocity coefficients for three ketones of the type Meog cog > OR, where a change 


Cl 
in R from methyl] to -propyl causes an increase of not more than 3% in the velocity of 
chlorination in the o-position to the methoxyl group. Clearly, the effect of a disparity 
of this order in the influence of the unsubstituted groups RO-C,H,°CO and MeO-C,H,°CO 
would be to increase the relative directive powers of all alkoxy-groups by an amount which 
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is within the limits of experimental error. The figures recorded in Table III, with the 
exception of the value for the isopropyl group, which is again anomalous (cf. J., 1935, 1833), 
show that the agreement with the previously observed values for the relative directive 
powers of alkoxy-groups which is to be expected on the basis of the foregoing assumption. 

Comparison of the velocity coefficients for analogous dialkoxybenzophenones and di- 
phenylsulphones (Table II) demonstrates the relative influence of the carbonyl and sul- 
phonyl groups on nuclear reactivity. The greater electron-attracting influence of the 
sulphonyl group reduces the velocity of chlorination to approximately one-fortieth of that 
of the corresponding ketone. 


TABLE II. 
Relative velocities of chlorination of ketones and sulphones of the type 
(p)RO-C,H,°CO-C,H,OR(p) and (p)RO-C,H,°SO,°C,H,’OR(p). 
Values of 100k°%,, o.n,-0n/Ko%0-c,H,-0r- 


R = CH;. C,H;. C,H,*. C,H. C,H,*. C,H,,*. 
PINS | stsossetnbereontanbenniiesen 100 100 100 100 100 100 
TEED ccstussisodennmibinasedees 2°37 2-37 2-40 2°37 2°36 2-41 


Unsymmetrical pp'-dialkoxybenzophenones. In compounds of this type, with alkoxy- 
groups of similar directive power the simultaneous reactions occurring will be of the same 
order of velocity but distinct ; consequently, the observed velocity coefficient may be anal- 
ysed as the sum of two independent velocities which may be represented as follows : 


Cl Cl 

Rog cog Yor’ + RO cog Yor’ +> Rog cog Yor’ 
(I.) (II.) 
Now suppose E, and E£, are the activation energies corresponding to the formation of the 
products (I) and (II) respectively, and that E,>E,. Ifit is assumed that collisions at which 
energy greater than E£, is available, and for which some combination of conditions repre- 
sented by the factor #, is satisfied, give product (I) only, and the formation of product 
(II) is similarly governed by activation energy E, and factor ~,, the two conditions repre- 
sented by #, and #, being mutually exclusive, then 


kh, = np,Ze-28T, hy = np .Ze-F"#T and k'(obs.) = ky + hy 


where x represents any other conditions of a general type, such as those determined by the 
solvent or by the chlorine molecule. 

It seems most likely that p, and ~, may be regarded as the probabilities that several 
conditions are simultaneously satisfied; such as, that the molecules are suitably oriented 
at the moment of collision, and that the energy is correctly located in the molecule. 

Owing to the almost complete symmetry of such a molecule, it is not unreasonable to 
assume that numerically the two factors p, and f, are equal. Hence we may write 


k’(obs.) = constant x (e-2/8? + ¢-#/R?) 
For the symmetrical ketone CO(C,H,’OR),, where p, = fo, 
k(obs.) = 2 x constant x (e-*/*7) 
Combining these two expressions, we have 
k'(obs.) — 4&(obs.) = constant x (e-/*”) 
and [k’(obs.) — $2(obs.)]/}&(obs.) = e@:— 20/RT 


The relative directive powers of alkoxy-groups, calculated from the velocity coefficients for 
unsymmetrical benzophenones by employing the expression [h’(obs.) — 42(obs.)]/42(obs.), 
are in good agreement with those obtaining in other series (cf. Table III). 

In the absence of the # terms, no simple relationship of the above type can be deduced. 
It being assumed that the additive relationships hitherto found in all cases hold in this new 
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class, the agreement in Table III may be regarded as providing evidence of the existence 
of one or more terms, of the nature suggested above, in the factor P of the expression 
P.Z.e-*/®?, The minimum condition which would logically suffice here would be P = 1/2, 
which can be seen to represent the simple probability of a fruitful collision of the reagent 
molecule with either end of a symmetrical molecule. 


TABLE III.* 


Relative directive powers of the groups OR in ketones and sulphones (molecular ratio, 
ether : chlorine = 3:1). Values of 100k°%,/kO™e. 


Type. R= CH;. C,H;. C,H,*. C,;HA. C,H,*. C,;H,,%. C,H,,%. CH,Cl-CH,. 
(p)RO-C.H COP... ....20000000800 100 199 — — 224 221 214 -- 
(p)MeO-C,H,°CO-C,H,OR(p) ... 100 200 217 — 215 224 -—— 19°3 
(p)RO-C,H,°CO-C,H,-OR(p)...... 100 203 222 489 226 222 -- —- 
(p)RO-C,H,°SO,°C,H,-OR(p) ... 100 202 225 487 225 226 — _- 
Phenyl ethers (mean).............++ 100 199 223 440 223 221 219 — 


* Ratios of velocities have been calculated from the original figures and not from the values now 
recorded where these have been rounded to three significant figures. 


For the unsymmetrical ketone p-methoxy-p'-B-chloroethoxybenzophenone, where the 
velocity of chlorination in one nucleus is of a somewhat lower order than in the other and the 
adherence to the type of the group X (cf. p. 1854) is a little less strict, the error in the value 
of the velocity obtained by subtraction, as above, must be appreciably multiplied. Con- 
sequently, the relative directive power of such a group as CH,Cl*CH,°O- obtained by a 
difference method of the present type can only be approximate. This is apparent from the 
values 19-3, 21-2, and 25 obtained from the velocity coefficients for the above benzophenone 
with three different molecular ratios of ketone and chlorine. The probable correct value 
obtained in a different series is 24-6. 

Monoalkoxybenzophenones. Comparison of the velocity ratios given in Table III for 
p-alkoxybenzophenones with the mean values for phenyl ethers shows that the new values 
support the views previously expressed (cf. Part V). The new data, moreover, provide 
a further illustration of the influence of changes in the nature of the p-substituent X on the 
velocity of chlorination. The relative effects of COPh, CO,H, and Cl as p-substituents are 
compared in the following table. 


Relative effects of the groups CO,H, COPh, and Cl in compounds of the type p-RO-C,H,X. 
Values of 100k 2% /k0®, u. 


x. R=CH, CH, CBs. C,H,y*. _ C,H,,°. 
ER SR ae i 100 100 100 100 100 
RIED." sen:ctdeesnsthaatintediaediae 284 286 293 288 285 
Bi lA NRE MORE FS RRARE: 8 276 278 283 285 290 


The influence of polar substituents in the nucleus not undergoing substitution is in the 
expected order, the reactivity being increased by the introduction of a methyl group and 
decreased by that of a halogen or nitro-group in the order CH,>H> Halogens>NO,. 

TABLE IV. 
Relative influences of the groups X in compounds of the type (p)RO-C,H,°CO-C,H,X. 


a p- m- m- 

R. Ko B ch. p-F. p-Cl. p-Br. NO,. CH;. m-F. m-Br. NO,. 0-F. o-Cl. o-Br. 
Bari cndcbeder 100 133 85 69 67°55 30° 122 61°7 615 342 47:1 373 36°5 
|) eer 100 _— -- 69 — — — — a _- — = oo 
Be Saatseeenas 100 — _— —_— —_— — — — — 345 — —- — 


In accordance with general experience the influence of the methyl and the nitro-group 
is greater in the p- than in the m-position, whilst the deactivating field or inductive effects 
of the halogens are in the order o>m>p. Thus an obvious parallelism exists between the 
polar influence of these substituents on the velocities of chlorination now recorded and on 
the strengths of the corresponding benzoic acids. This parallelism is particularly well 
illustrated in the case of the halogens, where the uniformity of the strengths of the m- 
halogenobenzoic acids recorded by Kuhn and Wassermann (Helv. Chim. Acta, 1928, 11, 31) 
6c 
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is reflected in the identical reactivity of 3’-fluoro- and 3’-bromo-4-methoxybenzophenones 
(see also Dippy and Lewis, this vol., p. 644). Similarly, the order of strengths Br>Cl>F 
of the p-halogenobenzoic acids (Dippy, Watson, and Williams, J., 1935, 346) corresponds 
with the order F>Cl>Br for the reactivities of the 4’-halogeno-4-methoxybenzophenones. 
The same order is observed for the 2’-halogeno-4-methoxy-isomerides. The new data in 
general agree with the views put forward from this laboratory relating to the polar effects 
of halogens in aromatic compounds (Bennett, J., 1933, 1112; Baddeley, Bennett, Glasstone, 
and B. Jones, J., 1935, 1827). 

No extensive study of the influence of changes in the group OR on the reactivity has been 
made in this series, but from the two cases investigated (cf. Table IV) the additive relation- 
ships are found to hold. 

The main results of this investigation may be summarised as follows : (1) For series of 
symmetrical p’-dialkoxy-benzophenones and -diphenylsulphones the same additive 
relationships are observed as for the simpler phenyl ethers of the type ~-RO-C,H,X 
examined in earlier papers. (2) In these new series the reactivities of analogous ketones and 
sulphones are in the ratio 100 : 2-38. (3) Foraseries of unsymmetrical pp’-dialkoxybenzo- 
phenones, relative directive powers of alkoxy-groups are observed which are in good agree- 
ment with those found in other series. This agreement is regarded as providing evidence 
of the existence of the factor P in the expression P.Z.e-*/*7, (4) Comparison of the 
velocities of chlorination of p-alkoxybenzophenones with those determined previously for 
the corresponding ~-alkoxybenzoic acids shows that the ketones are 2-87 times as reactive 
as the acids. (5) For polar groups X in ketones of the type p-RO-C,H,°CO-C,H,X, the 
order of reactivity for p-substituents is CH,>H>F>Cl>Br>NOQ,; in the m-position 
fluorine and bromine exert identical influences, but in the o-position the order of reactivity 
is again F>Br. In general, the stronger the acid C,H,X°CO,H the lower the reactivity 
of the corresponding ketone. 


EXPERIMENTAL. 


Velocity Measurements.—Reference may be made to the earlier parts of this series for details 
of the measurements not now specifically mentioned. 

The presence of consecutive reactions in the chlorination of pp’-dialkoxy-benzophenones and 
-diphenylsulphones discussed above was apparent from the steady rise in the velocity coefficient 
that was observed when equimolecular proportions of ether and chlorine were employed. Over 
the usual range of 35—60% change, the velocity coefficients rose by approximately 10% but this 
discrepancy in the measurements was largely eliminated by investigating only the first third 
of the reaction. To minimise the effect still further, most of the measurements were carried 
out with two or three molecular proportions of ether, and the observations, as far as possible, 
limited to the first 50% change. With 2 mols. of ether a steady rise of 2—3% was still noticeable 
in the velocity coefficients, but with 3 mols. satisfactory coefficients were obtained. Comparison 
of the velocity ratios at the different concentrations (Table V) shows that when these precautions 
are taken the values obtained at the two lower concentrations are not seriously vitiated. 


TABLE V. 


Effect of relative concentrations of ether to chlorine on the directive powers of the groups 
OR in (a) ketones of the type (p)MeO-C,H,-CO-C,H,OR(p) and sulphones of the type 
(p)RO-C,H,-SO,°C,H,’OR(p). 

Mol. proptn., 


ether : Cl,. R=CH;. C,H; C,H,*. C,H#. C,H,*. C,H,,*. CH,CI-CH,. 
(a) 3:1 100 200 217 _ 215 225 19°3 
3:1 100 199 217 ae — 223 
2:1 100 204 219 — 219 219 21-2 
1:1 100 197 — — —_ _ 25-0 
(6) 3:1 100 202 225 487 225 226 i 
2:1 100 201 228 479 221 226 — 


The high reactivity of the dialkoxybenzophenones on the one hand, and the low solubility 
of the dialkoxydiphenylsulphones on the other, precluded a further increase in the molecular 
ratio of ether to chlorine at the above selected concentrations. 

Careful standardisation of procedure was necessary in all measurements, particularly in those 
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on the dialkoxybenzophenones, since here accidental errors of measurement affect the value of 
the velocity coefficients to a greater extent than with less reactive ethers. The variations ob- 
served in the value of the velocity coefficients in individual experiments, and the variations of 
the mean values of single experiments for fast and slow chlorinations of the type discussed are 
shown by the data in Table VI. 


TABLE VI. 
pp’-Dimethoxybenzophenone. p-Methoxy-p’-n-propoxy benzophenone. 
(5 C.c. burette graduated in 0°01 c.c.) (10 C.c. burette graduated in 0°02 c.c.) 
[Cl,] = 00075; [ether] = 0°0225; [HCl] = 0°0375. [Cl,] = 0°0075; [ether] = 0°0150; [HCI] = 0°0375. 
Time, mins. Titre, c.c. k. Time, mins. Titre, c.c. k. 
0 4:77 0 9°94 
4°667 3°03 4°627 5°00 6°07 7°38 
7°60 2°33 4°644 8°33 4°60 7°42 
9-92 1-92 4°623 11-00 3°68 7°46 
Mean 4°631 Mean 7°42 
pp’-Di-n-propoxydiphenylsulphone. 3’-Chloro-4-methoxy-4’-ethoxybenzophenone. 
(10 C.c. burette graduated in 0°02 c.c.) (10 C.c. burette graduated in 0-02 c.c.) 
[Cl,] = 0°0075; [ether] = 0°0225; [HCl] = 0°0375. [Cl,] = 0°0075; [ether] = 0°0225; [HCI] = 0°0375. 
Time, mins. Titre, c.c. kh. Time, mins. Titre, c.c. kh. 
0 9°12 0 9°12 
52-08 6°93 0°2447 12°20 6°07 1-578 
83-00 5°90 0°2489 19°60 4°83 1-581 
119-0 4:97 0°2477 26°00 4:00 1-582 
Mean 0°2471 Mean 1°580 
Mean values of & for individual experiments (molecular ratio, ether: Cl, = 3: 1). 
p-Ethoxy-p’-n-butoxybenzophenone .............csccsecsccecceceeseeees 9°80, 9°77, 9°90, 9°84 
p-Methoxy-p’-n-propoxybenzophenone ............ceceecseceeceeeeeeees 7°33, 7°35 
De LOE OE FORMING... oo csccescinccccsscccsssconccestoncencesnctes 4°631, 4°696, 4°582, 4°637 
p-Methoxy-p’-B-chloroethoxybenzophenone ..............sesseseeeeees 2°763, 2°769 
PP'=DiIMMSCHORYAIPHOR YISAIPRONS ....0..cccccseccscscescvsccscccsccsssessecs 0°1114, 0°1085 


Materials.—Carefully purified materials were employed throughout, special care being taken 
to ensure freedom of the medium and of the ethers from trace of impurities reactive towards 
chlorine. Three crystallisations of the ethers, usually from alcohol or glacial acetic acid, were 
necessary to ensure pure specimens. The constancy of the velocity coefficients after further 
crystallisations is illustrated by the following mean values for (a) 3’-bromo-4-methoxybenzo- 
phenone and (6) -n-amyloxybenzophenone : (a) After two crystallisations from ethyl alcohol and 
one from glacial acetic acid, k = 0-778; after two further crystallisations from alcohol, k = 
0-773 and 0-776. (b) After distillation under reduced pressure, two crystallisations from ligroin 
and one from alcohol, k = 2-783; after a further crystallisation from alcohol, k = 2-790. 

pp’-Dihydroxydiphenyl sulphoxide and sulphone. The sulphoxide, m.p. 194°, prepared from 
phenol and thionyl] chloride by the method of Smiles and Bain (J., 1907, 91, 1118), was converted 
into the sulphone by treating a solution in glacial acetic acid with the calculated amount of 
hydrogen peroxide. On careful evaporation of the mother-liquor, the sulphone was isolated as a 
pale brown solid, m. p. 239° after one crystallisation. The dialkoxydiphenylsulphones, with one 
exception, were then prepared by heating under reflux 1 mol. of the sulphone, 2 mols. of sodium 
ethoxide in alcohol, and 2-1 mols. of the appropriate alkyl bromide or iodide. The resulting 
solution was poured into dilute aqueous sodium hydroxide, whereupon the dialkoxysulphone 
crystallised. Each sulphone was recrystallised thrice from ethyl alcohol before being used in 
velocity measurements. All members of the series now investigated are only sparingly soluble 
in cold alcohol and glacial acetic acid, the dimethoxy-compound appearing from qualitative 
observations to have the greatest solubility. 

4 : 4’-Dialkoxydiphenylsulphones. The dimethoxy-sulphone was obtained as a white crystal- 
line solid, m. p. 129—130° (Found: * C, 60-4; H, 5-5. Calc.: C, 60-4; H, 5-1%). The 
n- and the iso-dipropoxy-sulphones had m. p. 142—143° and 157° respectively (Found for both 
compounds: C, 64:7; H, 6-5. C,,H,,0O,S requires C, 64:7; H, 66%). The di-n-butoxy- 
sulphone had m. p. 92-5° (Found: C; C, 66-4; H, 7-2. C,. 9H,,0,S requires C, 66-3; H, 7-2%), 


* Micro-determinations by Dr. A. Schoeller or Dr. G. Weiler. 














1860 


and the di-n-amyloxy-compound m. p. 86-5° (Found: C, 67-4; H, 7-7. C,H 390,S requires C, 
67-7; H, 7-75%). 

The diethoxydiphenyl sulphoxide was prepared by Smiles and Le Rossignol’s method (J., 
1906, 89, 707), and converted into the sulphone by treatment with hydrogen peroxide; after 
three crystallisations from alcohol the sulphone had m. p. 164° (Found : C, 62-8; H, 5-8. Calc. : 
C, 62-7; H, 5-9%). 

The symmetrical pp’-dialkoxybenzophenones were obtained from pp’-dihydroxybenzophen- 
one, prepared from the corresponding dimethoxy-compound by dealkylation with anhydrous 
aluminium chloride. pp’-Dimethoxybenzophenone was prepared in quantity, and in good 
yield, by the Friedel-Crafts condensation of anisoyl chloride and anisole, the use of an inert 
solvent being avoided by employing 2—3 mols. of anisole. When the addition of the aluminium 
chloride was completed, the mixture was heated on a steam-bath for 10—15 minutes. If the 
heating is prolonged at this stage, dealkylation is liable to occur. The product was purified in 
the usual manner, the excess anisole being first removed by steam-distillation. The cooled 
product solidified, and was crystallised from alcohol and acetic acid; m. p. 143—144° (Found : 
C, 74-3; H, 5-9. Calc.: C, 74-35; H, 58%). 

pp’-Dihydroxybenzophenone was prepared by heating the dimethoxy-compound with 2 mols. 
of finely powdered anhydrous aluminium chloride until the evolution of methyl chloride ceased. 
Addition of excess of dilute hydrochloric acid to the cooled mass liberated the free dihydroxy- 
compound which, after crystallisation from alcohol, had m. p. 206°. The following dialkoxy- 
benzophenones, prepared by standard methods from the above and commercially pure specimens 
of the alkyl bromides or iodides, crystallised from alcohol in flat glistening plates. 

pp’-Diethoxybenzophenone, m. p. 130—131° (Found: C, 75-3; H, 6-5. Calc.: C, 75-5; 
H, 6-7%). pp’-Di-n-propoxybenzophenone, m. p. 127° (Found: C, 76-7; H, 7:4. Cy, ,H,.O, 
requires C, 76-5; H, 7:4%). pp’-Diisopropoxybenzophenone, m. p. 72-5° (Found: C, 76-3; 
H, 7:5%). pp’-Di-n-butoxybenzophenone, m. p. 118° (Found: C, 77:3; H, 8-1. C,,H,,O, 
requires C, 77-5; H, 7:8%). pp’-Di-n-amyloxybenzophenone, m. p. 108° (Found: C, 77-9; 
H, 8-5. C,,3H,,O, requires C, 78-1; H, 8-3%). 

Similarly, the unsymmetrical pp’-dialkoxybenzophenones were prepared by condensing, 
at room temperature, p-anisoyl or p-ethoxybenzoyl chloride and the appropriate pheny] ether. 
The procedure was the same as that for pp’-dimethoxybenzophenone except that now only 
1-5—2 mols. of the phenyl ether were used. Consequently, when the product was added to 
dilute hydrochloric acid and cooled, it partly solidified. After decantation of the aqueous layer, 
the oily product was washed with water and cooled in a freezing mixture. The adhering excess 
phenyl ether was removed by rapid filtration through a well-cooled funnel, and the product 
purified by decolorisation (charcoal) and crystallisation from ethyl alcohol. 

p-Methoxy-p’-ethoxybenzophenone, m. p. 111° (Found: C, 74-6; H, 6-1. C,,H,,O, requires 
C, 75:0; H, 63%). p-Methoxy-p’-n-propoxybenzophenone, m. p. 111° (Found: C, 75-4; H, 
6-7. C,,H,,0O, requires C, 75-5; H, 6-7%). p-Methoxy-p’-n-butoxybenzophenone, m. p. 105— 
106° (Found : C, 75-9; H, 7-0. C,sH,.O, requires C, 76-0; H,7-1%). p-Methoxy-p’-n-amyloxy- 
benzophenone, m. p. 101° (Found: C, 76-7; H, 7-3. CyH,,O, requires C, 76-5; H, 7-4%). 
p-Methoxy-p’-8-chloroethoxybenzophenone, m. p. 106° (Found: C, 65-9; H, 5-2. C,,H,,0,Cl 
requires C, 66-1; H, 5-2%). p-Ethoxy-p’-n-butoxybenzophenone, m. p. 103° (Found: C, 76-2; 
H, 7-4. (C,,H,,O, requires C, 76-5; H, 7:4%). p-Ethoxy-p’-n-amyloxybenzophenone, m. p. 95° 
(Found : C, 76-6; H, 7-7. C, 9H,.,.O, requires C, 76-9; H, 7-7%). 

3’-Chloro-4-methoxy-4'-ethoxybenzophenone, m. p. 108° (Found: C, 66-2; H, 5-2. C,,H,,0,Cl 
requires C, 66-1; H, 5-2%), 3’-chlovo-4 : 4’-dimethoxybenzophenone, m. p. 97-5° (Found: 
C, 64-9; H, 5-0. C,,H,,0,Cl requires C, 65-1; H, 48%), and 3’-chloro-4-methoxy-4’-n-propoxy- 
benzophenone, m. p. 77° (Found: C, 66-7; H, 5:7. C,,H,,0,Cl requires C, 67-0; H, 5-6%), 
were prepared in a similar manner from /-anisoyl chloride and o-chlorophenetole, o-chloro- 
anisole, and o-chloropheny] -propy] ether respectively. 

Monoalkoxybenzophenones. With the exception of p-methoxy- and p-ethoxy-benzophenones, 
the monoalkoxybenzophenones were prepared by standard methods from a commercially pure 
sample of the parent hydroxy-compound. -Methoxy- and p-ethoxy-benzophenones were 
obtained by the condensation of benzoyl] chloride and anisole or phenetole, by means of anhydr- 
ous aluminium chloride. The use of an inert solvent was again dispensed with by employing 
an excess of the phenyl ether, which was later removed by steam-distillation. The o-isomeride 
formed in these condensations was removed by crystallisation, and o-methoxybenzophenone 
could only be eliminated by repeated crystallisation from ligroin (b. p. 40—60°) and alcohol. 
The product, m. p. 61—62°, was freely soluble in alcohol and crystallised only with difficulty. 
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p-Ethoxybenzophenone, on the other hand, was readily purified, since the o-isomeride is a liquid 
at room temperature. The initial product was dissolved in warm ligroin (b. p. 40—60°) and 
frozen; the p-isomeride crystallised, leaving the o-compound as an oily layer. After further 
crystallisations from ligroin and alcohol, the former melted at 47° (previously recorded value 
38—39°) (Found: C, 79-6; H, 6-2. Calc.: C, 79-6; H, 6-4%). 

p-n-Butoxybenzophenone, prepared from p-hydroxybenzophenone and commercially pure 
n-butyl bromide, is a white crystalline solid, m. p. 37° (Found: C, 80-6; H, 7-0. C,,H,,O, 
requires C, 80-3; H, 7-1%). p-n-Amyloxybenzophenone, prepared similarly, was first obtained as 
a colourless liquid, b. p. 238°/14 mm., which on standing crystallised to a white solid; after two 
crystallisations from ligroin (b. p. 40—60°) and one from alcohol, it had m. p. 41° (Found: C, 
80-6; H, 7-4. C,gH,.O, requires C, 80-6; H, 7-5%). 

A commercially pure specimen of “-heptyl alcohol was converted into the chloride by the 
action of thionyl chloride and pyridine, chloroform being used as a diluent. Condensation of 
this with p-hydroxybenzophenone in the usual manner afforded p-n-heptoxybenzophenone as a 
colourless liquid, b. p. 255/15 mm., and m. p. 47° after crystallisations from ligroin (b. p. 40—60°) 
and alcohol (Found : C, 80-8; H, 8-1. C,)9H,,O, requires C, 81-0; H, 8-2%). 

All the above monoalkoxybenzophenones are freely soluble in ethyl alcohol, acetone, and 
acetic acid. 

Monosubstituted alkoxybenzophenones. The methoxybenzophenones of the _ type 
p-MeO-C,H,°CO-C,H,X were, with one exception, prepared by the Friedel-Crafts method from 
the chloride C,H,X-COCl and anisole. The precautions mentioned above were again 
observed. 

2’-, 3’-, and 4’-Fluoro-4-methoxybenzophenones. Pure specimens of the o-, m-, and p-fluoro- 
benzoic acids required for these preparations were obtained by oxidation with aqueous potassium 
permanganate of the corresponding fluorotoluenes, prepared from the toluidines by Balz and 
Schiemann’s method (Ber., 1927, 60, 1186). Distillation of the acids with phosphorus penta- 
chloride gave the chlorides, which were immediately condensed with anisole to give the three 
fluoromethoxybenzophenones. All three ketones are white crystalline solids, soluble in alcohol 
and glacial acetic acid, and freely soluble in acetone. The following are the m. p.’s and analyses : 
2’-Fluoro-compound, m. p. 49° (Found: C, 72-8; H, 4:7. C,,H,,0,F requires C, 73-0; H, 
4:8%); 3’-isomeride, m. p. 72° (Found: C, 72-7; H, 4:8%); 4’-tsomeride, m. p. 95° (Found : 
C, 73-0; H, 48%). 

2’- and 4’-Chloro-4-methoxybenzophenones. Commercially pure specimens of o- and p- 
chlorobenzoic acids were converted into the chlorides, and these, immediately after distillation, 
condensed with anisole as above. The 4’-chloro-compound had m. p. 125-5° (Found: C, 67-8; 
H, 4:4. C,,H,,0,Cl requires C, 68-2; H, 45%), and the 2’-isomeride had m. p. 80° (Found : 
C, 68-3; H, 45%). 

4’-Chloro-4-ethoxybenzophenone, prepared similarly from phenetole and #-chlorobenzoyl 
chloride, had m. p. 121° (Found: C, 69-1; H, 5-0. C,;H,,0,Cl requires C, 69-4; H, 5-0%). 

2’-Chloro-4-8-chloroethoxybenzophenone. ®-Phenoxyethyl alcohol, prepared from phenol, 
sodium ethoxide, and ethylene chlorohydrin, was converted by the action of thionyl chloride and 
pyridine into phenyl 8-chloroethyl ether which, after distillation, solidified in a freezing mixture 
into a white crystalline solid, m. p. 25°. Condensation of this with o-chlorobenzoyl chloride 
gave 2’-chloro-4-B8-chloroethoxybenzophenone as a white crystalline solid, m. p. 65° after three 
crystallisations from alcohol (Found : C, 60-8; H, 4-35. C,,;H,,0,Cl, requires C, 61-0; H, 4-1%). 

2’-, 3’-, and 4’-Bromo-4-methoxybenzophenones, m. p.’s 96° (previous value 95-5°), 80°, 
and 154° respectively, were prepared in a similar manner from purchased specimens of the three 
monobromobenzoic acids (Found: for 2’-bromo-compound, C, 58-5; H, 4-0; for 3’-bromo- 
compound, C, 58-3; H, 3-9; for 4’-bromo-compound, C, 57-8; H, 4:0. C,,H,,O,Br requires 
C, 57-8; H, 3-8%). 

4-Methoxy-2’-, -3’-, and -4'-methylbenzophenones. The 3’-methyl compound (Found: C, 
79-6; H, 6-1. C,;H,,O, requires C, 79-6; H, 6-2%), m. p. 56°, was obtained from anisole and 
m-toluoyl chloride, and the 4’-isomeride, m. p. 90—91° (Found : C, 79-5; H, 6-0%), was prepared 
by the condensation of p-anisoyl chloride and toluene. The 2’-methyl isomeride, from anisole 
and o-toluoyl chloride is a liquid, b. p. 220°/23 mm., and was not obtained in a sufficiently pure 
state for velocity measurements. 

3’- and 4’-Nitro-4-methoxybenzophenones were prepared from commercially pure specimens 
of m- and p-nitrobenzoyl chloride and anisole. The 4’-nitro-compound had m. p. 123° (cf. 
121° previously recorded) (Found: C, 65-0; H, 4:2%). The 3’-nitro-isomeride had m. p. 93° 
(Found: C, 65-5; H, 4-4. C,,H,,O,N requires C, 65-4; H, 43%). 
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3’-Nitro-4-n-butoxybenzophenone, from m-nitrobenzoyl chloride and phenyl »-butyl ether, 
crystallises from glacial acetic acid in soft pale yellow crystals, m. p. 73° (Found: C, 67-8; H, 
5-6. C,,H,,0,N requires C, 68-2; H, 5-7%). 


The author thanks Professor G. M. Bennett and Dr. A. E. Bradfield for their valuable 
suggestions during discussions of these results, and the Chemical Society for a grant. 
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hydrochloride, and phenylcarbamy] derivative, 1531. 
3-Allyl-3:4-dihydroquinazoline, 4-hydroxy-, 197. 
5-Allyloxyacetophenone, 2-hydroxy-, 279. 
3-Allylquinazolinium iodide and picrate, 197. 
ee dimethyl ether semicarbazone, 


Pa 4-nitro-, 281. 
Allyl-B-resorcylaldehydes, 278. 
4-0-Allyl-f-resorcylic acid, and its ethyl ester, 280. 
Allylrespropiophenones, and their derivatives, 277. 
Aluminium chloride, demethylation with, 267. 
Amidines, 793. 
Amines, ionisation of, in alcohol, 1023. 
action of, on esters, 797. 
with silver nitrate, 96. 
on esters of trichloronitrohydroxyparaffins, 1530. 
with unsaturated compounds with halogen 
attached to ethylenic carbon, 1169. 
aromatic, nuclear alkylation of, 1783. 
polyAmines, 1518. 
Amino-acid, C,,H,,0,N,, and its derivatives, from 
Hochst yellow U, 1476. 
and its methy] derivative, from Héchst yellow U, 
1477. 
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Amino-alcohols, preparation of, 1480. 
Amminobutylphosphinepalladium, dichloro-, 888. 
Ammonia, thermal! reaction of, with deuterium, 26. 
action of, on esters, 355. 
Ammonium salts, conductivity of, in aqueous hydro- 
gen cyanide, 1495. 
Amyleneplatinous chloride, 1048. 
p-n-Amyloxybenzophenone, 1861. 
1-isoAmylpyridinium salts, 691. 
Anesthetics, local, synthesis of, from cytisine, 1774. 
Aneurin, 1555, 1557, 1559, 1601. 
Anhydrocotarnine-6-amino-3:4-methylenedioxy- 
phthalide, 201. 
Anhydrocotarnine-6-nitro-3:4-methylenedioxy- 
phthalide, 201. 
Anhydrodigoxigenins, and their derivatives, 354. 
a-Anhydrodigoxigenone, and its derivatives, 355. 
2:2’-Anhydro-2:5-diketo-3-(2’-amino-4’-tolyl)iso- 
indolinopyrazolidocoline, and its salts, 1105. 
Anhydroemicymarigenin, 445. 
Anhydroalloemicymarin, 447. 
Sree 


—_— lodal-6-nitro-3:4-methylenedioxyphthalide, 
Anilides, halogenation of, 1231, 1854. 
Anilide imidochlorides, condensation of, with ureth- 
anes, 431. 
reaction of, with ethyl sodiomalonate, 428. 
Aniline, effects of sodium chloride and aniline hydro- 
chloride on surface tension and partial vapour 
pressure of aqueous solutions of, 1662. 
condensation of, with 3-methylcyclopentanone 
cyanohydrin, 1675. 
Aniline, m-nitro-, influence of solvents on benzoyl- 
ation of, 1353. 
Anilinium carbonyltrichloroplatinite, 1048. 
Anilinobutylphosphinepalladium, dichloro-, 887. 
B-Anilinocrotonic acids, o- and m-chloro-, ethyl esters, 
858. 
2-Anilino-2-cyano-trans-decahydronaphthalene, 1675. 
1-Anilino-1-cyanomethylcyclohexanes, and their deriv- 
atives, 1159. 
1-Anilino-1-cyano-3-methylcyclopentane, 1676. 
2-Anilino-trans-decahydronaphthalene-2-carboxylic 
acid, and its amide, 1676. 
4-Anilino-2-methylanthraquinone, l-amino-, 
sodium salt, 1842. 
Anilinomethylene-d/-menthone, and its nitro-deriv- 
atives, 1599. 
Anilinomethylene-/-menthone, m-nitro-, 1600. 
1-Anilino-3-methylcyclopentane-1-carboxyamide, 1676. 
2-Anilino-8-naphthathiazole, and its picrate, 1670. 
Anisole, 4-chloro-2:3-dinitro-, 1570. 
a parachor, surface tension, and density 
of, 39. 
B-p-Anisoyl-a-benzylidenepropionic acid, and _ its 
derivatives, a 
Anisoyldianisylcarbinol, 506. 
Anisyl-p-methoxybenzyl ketone, derivatives of, 400. 
Anisyl trianisylmethyl ketone, 506. 
Annual General Meeting, 517. 
Anodes, apparent reducing properties of, 1453. 
Anthracene, electrolytic reduction of, 206. 
Anthracene-9-aldehyde, and its derivatives, 344. 
Anthraquinone, 2-bromo-1:3-dihydroxy-, 1843. 
Anthraquinone dyes, 1701, 1714. 
effect of alkyl groups on _ properties of, 


1838. 
Antimalarials, 1546. 
substituted acridines as, 608. 
a-picolylisoquinolines as, 610. 
Aphis, woolly, chemistry of, 1034. 
Arctigenin, and its derivatives, 998. 


and its 














Argon, adsorption of, on salt crystals, 1467. 
Aromatic compounds, relative directive power of 
groups in substitution in, 1148. 
nuclear introduction of deuterium into, 1637. 
p-Arsanilic acid. See Phenylarsinic acid, p-amino-. 
Arsenic trihydride, neutron bombardment of, 384. 
Arsinosebacanilic acid, p-dichloro-, 904. 
p-Arsonoazelanilic acid, and its esters, and sodium 
salts, 903. 
p’-Arsonodiphenyl ethers, p-bromo-, and p-chloro-, 
1238. 


p-Arsonosebacanilic acid, and its esters and sodium 
salts, 904. 

Aryl hydrogen sulphates, hydrolysis of, 17, 25, 1649, 
1654. 


f-Arylaminocrotonic acids, ethyl esters, 856. 

2-Arylamino-2-cyano-trans-decahydronaphthalenes, 
isomeric, 1675. 

Arylaminocyanomethylcyclohexanes, formation of, 
1159. 

3-Arylphthalaz-4-ones, amino-, and nitro-, 311. 

3-Arylquinolines, synthesis of, 1366. 

Arylsulphonylphenylhydrazines, reaction of, 
bromine, 1242. 

Arylsulphuric acids. See Aryl hydrogen sulphates. 

Ascorbic acid, crystalline structure of, 769. 

Atebrin, synthesis of acridine compounds related to, 
1546. 

Atoms, quadricovalent, 775, 
1635. 

Atomic theory and radioactivit 

Azelaic acid, and its ethyl 
chlorides of, 903. 

Azelaic semialdehyde 2:4-dinitrophenylhydrazone, 
1791. 

Azelanilamide-p-arsonic acid, and its sodium salt, 
903. 

Azelanilide-pp’-diarsonic acid, 903. 

Azelaniloethylamide-p-arsonic acid, and its sodium 
salt, 903. 

Azelanilomethylamide-p-arsonic acid, and its sodium 
salt, 903. 

Azobenzenes, hydroxy-, parachor, surface tension, and 
density of, 39. 


with 


stereochemistry of, 


, 508. 
drogen ester, acid 


Balance sheets. See Annual General Meeting, 528. 
Barium sulphate, rhythmic turbidity in precipitation 
of, 1214. 
Base, C,H,,N, and its salts, from degradation of 
strychnine, 1697. 
C,o.H,,N, and its salts, from degradation of 
strychnine, 1697. 
CioH,,N,, and its salts, from degradation of 
strychnine, 1697. 
Bases, aromatic, nuclear alkylation of, 1783. 
organic, reactions of, with silver nitrate, 96. 
combination of, with fatty acids, 1346. 
Bebeerine, 1276. 
Beckmann transformation, 448. 
Benzaldehyde, oxidation of, by Loa peroxide in 
presence of selenium oxychlori 
Benzaldehyde, p-hydroxy-, aneiliee, surface tension, 
and density of, 39. 
Benzaldehyde-2’-nitro-4’-toly phonic- 
B-acrylic acid, sodium salt, 1102. 
mesoBenzanthrone, 2’ -bromo-, 2’-mono-, 2’:4- and 
2’:5’-di-, and 2’:4:8- and 2’: '5:8-tri-chloro-, and 1’- 
and 2’-cyanco-, 783. 
mesoBenzanthrones, 2’-halogeno-, synthesis of, 781. 
mesoBenzanthrone-2’-carboxylic acid, and its ethyl 
ester, 785. 
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Benzene, structure of, 912, 915, 925, 931, 941, 955, 
966, 971, 1210. 
and p-di- and 1:3:5-tri-nitro-, dipole moments of, 
862. 
and p-dichloro-, 
solvents, 487. 
infra-red and Raman spectra of, 966. 
resonance emission spectrum of, 955. 
liquid, Raman spectrum of, 925. 
liquid and vapour, infra-red absorption spectra of, 
931. 
vapour, fluorescence spectrum of, 941, 1210. 
vibration frequency of, 971. 
and chloro-, adsorption by, at water interfaces, 119. 
Benzene, chloro-, thermal analysis and refractive 
index of binary systeins of, with acetic acid and 
pyridine, 791. 
chloro-, and nitro-, dipole moments of, in polar 
solvents, 491. 
p-dichloro-, thermal analysis and refractivity of 
mixtures of, with p-chlorophenol, 791. 
1-chloro-3: 4-dithiol-, 178. 
8-tricyano-, 1111. 
nitro-, surface tension of mixtures of, with sulphuric 
acid, 684. 
equilibrium of, with sulphuric acid and water, 
1571. 
m-dinitro-, additive compounds of, with naphthyl. 
amines, 1576. 
5-nitro-1:3-dicyano-, 1111. 
Benzeneazo-f-naphthol methyl ether, parachor, sur- 
face tension, and density of, 38. 
Benzene-3:4-disulphonic acid, 1-chloro-, 
and acid chloride of, 178. 
Benzenesulphonanilide, 2:4-dibromo-, 1242. 
Benzenesulphonbenzoylhydrazide, 585. 
Benzenesulphondibenzoylhydrazide, 585. 
Benzenesulphonic acid, 3-nitro-, halogeno- and halo- 
genonitro-pheny] esters, 1677. 
Benzenesulphon-8-nitro-c-naphthalide, m-nitro-, and 
its sodium salt, 1847. 
Benzenesulphon-2’:4’-dinitrophenylhydrazide, 586. 
Benzenesulphon-2’:4’:6’-/rinitrophenylhydrazide, 586. 
2-Benzenesulphonylbenzamide, 2-o-nitro-, 331. 
2-Benzenesulphonylbenzanilide, 2-o-nitro-, 331. 
Benzenesulphonyl-4-bromophenylhydrazine, 1244. 
Benzenesulphonyl]-2:4-dibromophenylhydrazine, 1244. 
Benzenyl-N’-p-bromophenyl-N-p-nitrophenylamidine, 
and its hydrochloride, 796. 
Benzenyl-N-p-bromophenyl]-N’-phenylamidine, 795. 
Benzenyl-N- and -N’-p-bromophenyl-N’- and -N- 
phenyl-N-methylamidines, and their picrates, 796. 
Benzenyl-N- phenyl-N’-p-ethoxyphenylamid- 
ine, and its salts, 795. 
Benzenyl-N-p-chloropheny!-N ’-p-methoxyphenyl- 
amidine, and its salts, 795. 
Benzenyl-NV ’~p~chlorophenyl-N. -p-nitrophenylamidine, 
and its hydrochloride, 796. 
Benzenyl-N-p-chlorophenyl-N ’-phenylamidine, and its 
derivatives, 795. 
Benzenyl-N- and -N’ phenyl-N’- and -N- 
phenyl-N-methylamidines, and their salts, 796. 
eee ’-p-tolylamidine, and its 
salts, 795. 
s-Benzenyldi-s-iribromophenylamidine, and its deriv- 
atives, 795. 
8-Benzenyldi-p-chlorophenylamidine, and its deriv- 
atives, 794. 
8-Benzenyldinitrophenylamidines, and their deriv. 
-atives, 794. 
Benzenyldiphenylamidines, ww of, 793. 
8-Benzenyldi-m-tolylamidine, 794. 
Benzenyl-N. trophenyl-N ’-m-nitrophenylamidine, 
and its hydrochloride, 796. 


dipole moments of, in polar 


barium salt 
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Benzenyl-N. -p-nitrophenyl-N’-phenylamidine, p-nitro-, 
and its hydrochloride, 796. 

Benzenyl-\-p-nitrophenyl-N’-p-tolylamidine, and its 
hydrochloride, 796. 

Benzenyl-N-p-nitrophenyl-N’-m-4-xylylamidine, and 
its hydrochloride, 796. 

Benzhydrylsodium, syntheses with, 412. 

Benzil, 4-bromo-, and 4-chloro-, 94. 

2:3-Benz-1:3:3-bicyclo-4*-nonene, 67. 

2:3-Benz-1:3:3-bicyclo-4?-nonene-4-one, and its deriv- 
atives, and 3’-amino-, 3’-hydroxy-, and 3’-nitro-, 67. 

Benzochloroanilide imidochlorides, 430. 

Benzoic acid, sodium salt, bromination of, 168. 

eer acids, substituted, dissociation constants of, 

45. 
hydrolysis of esters of, 222. 

Benzo-1l-naphthalide, 2:4-dibromo-8-nitro-, 1340. 

Benzonitrile, polarisation and moment of, in various 
solvents, 1192. 

Benzonitrile, 3:5-dinitro-, 1111. 

Benzo-N -2:4-dinitrophenylanilide, 452. 

Benzo-2’-nitro-4’-tolylhydrazide-2-8-acrylic acid, and 
its nitrile, 1102, 1104. 

Benzophenone, 2:3-dihydroxy-, 348. 
2:3:4’-trihydroxy-, 348. 

Benzophenone-p-dimethylaminoanil, 
2:4:2’:4’-tetra-nitro-, 1470. 

Benzophenoneoxime 2:4-dinitropheny] ether, 452. 

Benzophenoneoximes, p-mono- and pp’-di-nitro-, and 
their picryl ethers, 451. 

Benzoquinone, dipole moment of, 910. 
molecular forces between cyclopentadiene and, 432. 
addition of, to cyclopentadiene, 1031. 

o-Benzoquinone phenylhydrazone, parachor, surface 
tension, and density of, 39. 

‘7-Benzoyl-9-acetyltetrahydrocarbazole, 41. 

9-Benzoyl-7-acetyltetrahydrocarbazole, 40. 

2-Benzoylbenzoic acid, 2-3’-bromo-2’:4’-dihydroxy-, 
1843. 

o-Benzoylbenzoic acids, methylated, 567. 

3-Benzoyl-6:8-dimethylflavone, 217. 

a-Benzoyl-55-dimethylvaleric acid, amide and ethyl 
ester, 1480. 

3-Benzoyldiphenyl, 4-hydroxy-, and its derivatives, 
804 


4:4’-di- and 


4-Benzoyldiphenyl, 4-m- and p-nitro-, 805. 
4’-Benzoyldiphenyl, 4-amino-, and its acetyl deriv- 
ative, and 4-nitro-, 805. 
3-Benzoyl-9-methylcarbazole, 1297. 
1-Benzoyl-4-methylcyclohexane-l-acetic acids, and 
their derivatives, 417. 
a-Benzoyl-y-methylvaleramide, 1480. 
2-Benzoyloxy-4:6-dimethoxyacetophenone, 268. 
4-Benzyloxy-2:6-dimethoxybenzaldehyde, 1837. 
4-Benzoyloxydiphenyl, Fries rearrangement of, 802. 
d- and l-a-Benzoyloxypropionamides, 307. 
d- and l-a-Benzoyloxypropionanilides, 308. 
Benzoyl(phenyliminobenzyl)malonic acid, ethyl] ester, 
429. 
7-Benzoyltetrahydrocarbazole, 41. 
a-Benzoylisovaleramide, 1480. 
f-Benzoyl-a-veratrylidenepropionic acid, and its deriv- 
atives, 588. 
3:4-Benzphenanthrene, synthesis of, 596. 
Benzthiazole, condensation of, with picryl chloride, 
1607. 
Benzthiazole, 5-bromo-1l-thiol-, 1674. 
Benzthiazoles, 1-thiol-, 5-substituted, methylation 
of and their ultra-violet absorption, 1672. 
1:2:3-Benztriazoles, absorption spectra of, 111. 
Benzyl bromides, m-chloro-, m- and p-fiuoro-, and 
m-iodo-, 1450. 
o-nitro-, reaction of, with pyridine, 399. 
compounds, dipole induction in, 1324. 
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(—)Benzyl ay-dimethylallyl ether, 583. 
laminoacridine, 1-p-amino-, and its salts, and 


trans-2-Benzyl-2-decalol, 615. 
3:5-dinitrobenzoate, 70. 
2-Benzylhexahydrobenzoic acids, 78. 
2-Benzylcyclohexane, 1-bromo-, 78. 
Benzylcyclohexane-2:6-dione, 51. 
2-Benzylcyclohexanol, 69. 
3:5-dinitrobenzoate, 75. 
Benzylcyclohexanols, dehydration of, 62. 
2-Benzylcyclohexanone-2-carboxylic acid, ethyl ester, 
and its semicarbazone, 69. 
ae o-hydroxy-, reactions of, 
56. 
2-Benzylidene-l-ethyl-I:2-dihydroquinoline,  2-2’:4’- 
dinitro-, 1713. 
Benzylidenehydrazinecarboxylic acid, and o-hydroxy-, 
and o-nitro-, isoamyl esters, 1050 
3:5-Benzylidene 6-methyl acetoneglucose, 860. 
2-Benzylidene-cis-0:3:3-bicyclo-octane, 615. 
Benzylidene-d/-piperitone, polymorphism of, 1598. 
— eee 2-2’:4’-dinitro-, 
Benzyl-/-menthylamine, p-nitro-, and its p-toluene- 
sulphonyl derivative, 1224. 
Benzyl-/-menthylnitrosoamine, and p-amino-, and 
p-nitro-, 1224. 
1-Benzyl-4-methylcyclohexane-l-acetic acids, 418. 
1-Benzyl-2-methy]-4'-cyclohexene, 66. 
1-Benzyl-2-methyl-5-:sopropylcyclohexanol, 66. 
1-Benzyl-2-methyl-5-isopropyl-4'-cyclohexene, 66. 
2-Benzyloctalin, 70. 
2-Benzyl-cis-0:3:3-bicyclooctan-2-ol, 615. 
a ease eee eee 
570. 
7-Benzyloxy-6-benzylflavone, 5-hydroxy-, 269. 
4’-Benzyloxy-4:6-dimethoxychalkone, 2-hydroxy-, and 
its acetyl derivative, 570. 
4’-Benzyloxy-5:7-dimethoxyflavone, 570. 
Benzylcyclopentylearbinol, and its 3:5-dinitrobenzoate, 
75, 


a-Benzylpimelic acid, 69. 
Benzylpyridinium nitrate, and p-nitro-, 240. 

Benzyl p-tolyl ketone, a-bromo-, 95. 
3-Benzyl-2:5:8-trimethylchromone, 427. 
3-Benzyl-4:6:8-trimethylcoumarin, 216. 

Beryllium organic compounds :— 

Beryllium acetylacetonate, dipole moment of, 910. 
Biochemistry, synthesis in, 1079. 
Bicuculline, synthesis of, 199. 
— and amino-, iodo-, 


Bile acids, action of ciieaiate dioxide on, 462. 
synthesis of compounds related to, 50, 52, 54. 

3:4’-Bisacetamidodiphenylamine, 1616. 

NN’-Bis-( cesarean rae and its deriv- 
atives, 1519. 


and nitro-, 


4:4’-Bisbenzylidenehydrazinodiphenylmethane, 3:3’- 
dibromo-, 316. 
Bis(butylarsine --dthiocyanatodipalladium, dichloro-, 


Bis(butytphouphine)bie(othylenediamino)-p-dichlorodi- 
palladium dichloride, 889. 

Bis(butylphosphine)-.-dithiocyanatodipalladium,  di- 
chloro-, 887. 

Bis-2:4-dichloronitroformazyl, 1694. 


4 Bis-(1-chloro-3:4-dithiolbenzene)cadmium, diquinine 


dihydrogen salt, 180. 
Bis-(1-chloro-3: 4-dithiolbenzene)mercury, 


diquinine 
dihydrogen salts, 179. 
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Bis-(1-chloro-3:4-dithiolbenzene)zinc, diquinine di- 
hydrogen salt, 180. 

2:8-Biscinnamylideneaminoacridine, 1485. 

2:8-Bis-p-dimethylaminobenzylideneaminoacridine, 
1485. 

af-Bis(dimethylamino)butyric acid, ethyl ester, and 
its derivatives, 1170. 

Bisdipyridyl-y-diiododicopper, 1509. 

Bisethylenedtaminocobaltic cyclohexene- and indene- 
trichloroplatinites, 1:6-dichloro-, 1047. 

Bisethylenediaminoruthenium chloride, dichloro-, 44. 

2:2’-Bisformamidodiphenyl disulphide, 1609. 

4:4’-Bis-( p-hydroxybenzylidenehydrazino)diphenyl- 
methane, 3:3’-dibromo-, 317. 

Bis-(1-methoxy-3-nitrophenyl-3:4-dihydro-4-phthal- 
azino)carbocyanine perchlorates, 1711. 

= 4-methylenedioxypheny]l)methylsuccinic 
747 

1: :3-Bismethylthiobenzene, 5-nitro-, and its derivatives, 
1112. 

a ene pean ome e cron acid, methyl ester, 
4 


acid, 


4:4’-Bis( nitrobenzylidenehydrazino)diphenylmethanes, 
and 3:3’-dibromo-, 316. 

Bis(octylsulphide)-.-dichlorodipalladium, 
889 


4:4’-Bis-( hap aren pes oripaiere rt 
ane, 316. 

4:4’-Bis-y-( phenyl-a-methylallylidenehydrazino)di- 
phenylmethane, 316. 

aB-Bis-(1-phenyl-1:2:3:4-tetrahydro-2-naphthyl)ethane, 
598. 

Bis( propylarsine)-~dithiocyanatodipalladium, di- 
chloro-, 887. 

2:8-Bis-salicylideneaminoacridine, 1485. 

4:4’-Bis-salicylidenehydrazinodiphenylmethane, 
3:3’-dibromo-, 316. 

Bis-(3: 4-dithioltoluene)mercury, dipotassium salt, 179. 

NN’-Bis-( B-p-toluenesulphonamidoethyl)ethylenedi- 
amine dthydrochloride, 1519. 

Bis(triamylarsine)-y-dichloropalladium, dichloro-, 884. 

Bis(triamylphosphine)--diiodopalladium, diiodo-, 883. 

Bis(tributylarsine)--dichloropalladium, dichloro-, 884. 

a epee: aro ace ere: dichloro-, 
883. 


Bis(tributylphosphine)-.-diiodopalladium, diiodo-, 883. 
Bis(triethylarsine)-.-dichloropalladium, dichloro-, 884 
ar “aces enaae halite tae ak dichloro-, 


Bis rimethyarsine)y<dieloropalladiom, 
Bis( si iropyarsine)--chloropalladium, 


ehteiieeeeiitiaiantninen Cedipmmetnnet, di- 
chloro-, 883. 

Bordeaux-extra, molecular structure of, and its ab- 
sorption at interfaces, 1307. 

Bromine, isotope exchange between hydrogen bromide 

and, 912. 
Hydrobromic acid, 
bromine and, 912. 

Bromoform, dipole moment of, in polar solvents, 491. 

Bromotetramminoruthenium salts. See under Ruth- 
enium. 

Butane, 555-irichloro-8-nitro-y-hydroxy-, 1294. 

48.Butenol, and its derivatives, 262. 

4Y-Butenol, conversion of, into 4A- butenyl bromide, 
and its derivatives, 261. 

48.Butenyl bromide, conversion of 4¥-butenol into, 
261. 

2-4°’-Butenylcyclohexanone, and its semicarbazone, 
474, 

2-A*’-Butenylcyclohexanone-2- and  -6-carboxylic 
acids, ethyl esters, 474. 

6E 


dichloro-, 


and 


dichloro-, 


dichloro-, 


isotope exchange between 
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1-4*’-Butenylpimelic acid, and its ethyl ester, 475. 
4-tert.-Butoxyanisole, and its nitro-derivatives, 1149. 
p-n-Butoxybenzophenone, 1861. 
4-n-Butoxybenzophenone, 3’-nitro-, 1862. 
(—)-n=-Butyl ay-dimethylallyl ether, 583. 
2-n-Butylanthraquinone, and l-amino-, and 1-nitro-, 
1841. 
tert.-Butylbenzene, derivatives of, 300. 
m-~ and p-tert.-Butylbenzoic acids, 301. 
m-tert.-Butylbenzyl bromide, 301, 1450. 
p-tert.-Butylbenzyl bromide, 301. 
2-(4’-n-Butylbenzyl)benzoic acid, 1840. 
a-isoButylglutaric acid, 595. 
Butylphosphine-ethylenedia minopalladium 
chloro-, 889. 
1-Butylpyridinium salts, 691. 
Butyric acid, viscosity of aqueous mixtures of, 1003. 
Butyric acid, y-bromo-, salts, kinetics of ionic decom- 
position of, 1239. 
yyy-trichloro-B-hydroxy-, 
esters, 719. 
tsoButyric acid, synthesis of, 358. 
tsoButyric acid, a-bromo-, ethyl ester, condensation of, 
with n-alkylmalonic esters, 1444. 
B-bromo-, and £-chloro-, ethyl esters, 1448. 
y-Butyrolactone, dipole moment of, 1389. 
n= and itso-Butyrophenone 2:4-dinitrophenylhydraz- 
ones, 788. 


chloride, 


(+)- and (—)-methyl 


Cc. 


Cadmium pyrophosphates, 1424. 

Cadmium organic compounds, complex, containing 
sulphur, 175. 

Cadmium ions, anion affinity of, 1121. 

Calciferol, constitution of, 905. 

Camphane, 2:2-dinitro-, rotatory dispersion and 
circular dichroism of, in the ultra-violet, 853. 

oe absorption and circular dichroism 
of, 1156. 

p-d- and -/-Camphor-10-sulphonamidophenyl d- and 
l-camphorsulphonates, 1221. 

d-Camphor-10-sulphonic acid, p-aminopheny] ester, 
and its acetyl derivative, 1221. 

p~i-Camphor-10-sulphonoxymethylaniline, 1223. 

aaa cm 0 er ence 

p-d-Camphor-10-sulphonoxyphenyl-a-methylhydrazine, 
and its derivatives, 1223. 

“i = l-Camphorsulphonyl chlorides, reactions of, 

d-Camphor-10-sulphonyl-/-camphor-10-sulphonyl-p- 
phenylenediamine, 1221. 

d-Camphor-10-sulphonyl-p-phenylenediamine, and its 
acetyl derivative, 1220. 

a~ and £-Camphylic acids, 734. 

Carbamy]l sulphides, rearrangement of, 329. 

2-Carbamyl-3-keto-7:9-dimethyl-3:4:5:6:7:9-hexahydro- 
indazole, 1141. 

Carbamylsulphones, rearrangement of, 329. 

Carbazole, dipole moment of, 47. 

Carbazole series, Friedel—Crafts reaction in, 1295. 

Carbazole-3:6-bis-y-ketobutyric acid, and its ethyl 
ester, 1298. 

Carbazole-3:6-dibutyric acid, 1298. 

Carbazole-3:6-dicarboxylic acid, ethyl ester, 1296. 

Carbazole-3:6-diphthaloylic acid, ethyl ester, 1297. 

N-Carbethoxy-s-benzenyldichlorophenylamidine, 797. 

N-Carbethoxy-s-benzenyldinitrophenylamidines, 797. 

N-Carbethoxy-s-benzenyldi-m-tolylamidine, 797. 

a pupa ite te nee acid, ethyl ester, 


3-Carbethoxy-1:3-dimethylcyclohexan-2-acetic acid, 
ethyl ester, 1142. 
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3-Carbethoxy-1:3-dimethylcyclohexan-2-ol-2-acetic 
acid, ethyl ester, 1141. 

3-Carbethoxy-1:3-dimethylcyclohexan-2-one, <nd_ its 
semicarbazone, 1141. 

2-Carbethoxy-1:3-dimethylcyclohexylidene-2-acetic 
acid, and its esters and derivatives, 1141. 

1-Carbethoxy-4-keto-3-(2’-piperidyl)octahydropyrido- 
coline, 1027. 

1-Carbethoxy-4-keto-3-(2’-pyridyl)pyridocoline, and 
its picrate, 1027. 

a-Carbethoxy-a-methylaconitic acid, ethyl ester, 1807. 

a-Carbethoxy-a-methyl-y-ethylaconitic acid, ethyl 
ester, 1807. 

3-Carbethoxy-1-methylcyclopentan-2-one-3-acetic acid, 
ethyl ester, 1623. 

3-Carbethoxy-1-methyl-4-isopropylcyclohexan-2-one-1- 
B-propionic acid, ethyl ester, and its semicarbazone, 
1140. 

a-Carbethoxy-f-phenyl-a-ethylglutaconic acid, ethyl 
ester, 1806. 

a-Carbethoxy-8-phenyl-a-methyl-y-ethylglutaconic 
acid, ethyl ester, 1806. 

> [ewer acid, and its ethy] ester, 

0 . 

y-Carbethoxypropylideneacetoacetic acid, ethyl ester, 

754. 


Carbohydrates, additive compounds of, 1765. 
Carbohydrate group, rotatory dispersion in, 1403. 
Carbomethoxy-1-methyl-4?-cyclohexenecarboxylic 
acids, 483. 
Carbon, valency angle of, 1324. 
atoms, saturated, substitution at, 225. 
rings, fused, 470, 476, 478, 611, 616. 
amorphous, chemical nature of graphite and, 
456. 
Carbon monoxide, adsorption of, by diamond and 
graphite, 1261. 
action of, with alcohols, 358, 362. 
with steam, on olefines, 364. 
disappearance of, in presence of electrically- 
heated nickel filaments, 1513. 
dioxide, adsorption of, by diamond and graphite, 
1261. 
disulphide, dipole moment of, in polar solvents, 487. 
o-Carboxyacetophenone nitroarylhydrazones, 313. 
o-Carboxybenzaldehyde phenylhydrazones, 312. 
2-o-Carboxybenzylindan-l-one, and its deuterium 
derivatives, 1552. 
rates of bromination and racemisation of, 624. 
2-Carboxy-3:4-dihydrophenanthrene-1-f-propionic 
acid, and its methyl ester, 1850. 
1-Carboxy-3:3-dimethylcyclohexane-l-acetic acid, and 
its derivatives, 1162. 
3-Carboxy-1:3-dimethylcyclohexane-2-acetic acid, 1142. 
Carboxyl group, structure of, 1817. 
1-Carboxymethylcyclohexane-l-acetic acids, isomeric, 
and their derivatives, 416. 
+f teensmanin, a-hydroxy-, lactones, 
310. 
Caryophyllenes, 741. ° 
cis- and trans-Caryophyllenic acids, and their deriv- 
atives, 742, 
Catalysis, energetics of, 635. 
acid, in non-aqueous solvents, 1520, 1792. 
Catalytic hydrogenation, kinetics of, in liquid systems, 
635. 


of organic compounds, apparatus for, 895. 
reactions, acid- and base-catalysed, rates of, in 
heavy water, 1361. 
Cellobial, and its hexa-acetyl derivative, rotatory 
dispersion of, 1404. 
Cellobiose, potassium hydroxide compound of, 1765. 
Cerebronic acid, crystallography and constitution of, 
716. 
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Cevanthridine, X-ray crystallography of, 414. 
Cevanthrol, preparation and crystallography of, and 
its acetate, 414, 
Chaleopyrite, extraction of indium from, 1290. 
Charcoal, chemisorption on, 1688. 
active, preparation of, and use as catalyst in 
chlorination, 338. 
Chelation, 274, 346. 
Chemistry, structural, 533. 
Chermes, white pine, chemistry of, 1034. 
Chloral, condensation of, with salicylic acid, 554. 
Cholestane, tetrahydroxy-, and its derivatives, 1437. 
Cholesterol hydrogen phthalate, oxidation of, with 
permanganate, 1437. 
B-Cholesterol, 7-hydroxy-, and its derivatives, 1437. 
— photochemical action of, with hydrogen, 
41. 
Hydrochloric acid, addition of, to olefins, 1605. 
Chlorine ions, induced oxidation of, 207. 
a arena eer urnpeneeen ae chloride, 


Chloroform, dipole moment of, in polar solvents, 
491. 


Chlorosulphinic acid, alkyl esters, action of, with 
pyridine in ethereal solution, 688. 

Chlorotetramminoruthenium salts. See under Ru- 
thenium. 

Chlorotetraethylaminohydroxoruthenium chloride, 45. 

Chlorotetrapyridinohydroxoruthenium chloride, 44. 

rar acid, B-dthydroxy-, and its methyl ester, 
467. 


Choladienic acids, isomeric, from apocholeic acid and 
dihydroxycholenic acid, 462. 

alloCholanic acid, 3-chloro-, and its methyl ester, 737. 

Cholesterol ethers, isomeric, 907. 
iodide, 910. 

Cholic acid, hydrocarbon from, 54. 

B-a acid, and its methy] ester, 408. 

Chromeno-(3’:4’:4:3)-coumarin, 7-hydroxy-, and its 
acetyl derivative, 426. 

Chromeno-(3’:4’:4:3)-coumarins, 423. 

Chromone group, syntheses in, 267, 569. 

Chrysin dimethyl] ether, and its 3-benzoyl derivative, 
268. 

alloCinnamic acid, ethyl ester, 405. 

Coagulation, mechanism of, 1317. 

Cobalt bases :— 
Cobaltammines, isomeric, heats of formation and 

solution of, 1660. 
Cobalt chloride, absorption spectrum of, in presence 
of magnesium chloride in aqueous solutions, 1268. 

pyrophosphates, 1423. 

Cobalt organic compounds :— 

Cobalt nitrosocarbonyl, parachor of, 1284. 
Compounds, complex, kinetics of formation of, in 
solution, 101. ; 
Congo-red, adsorption of, at benzene-water and 

chlorobenzene—water interfaces, 119. 
Conidendrin, 724. 
Co-ordination, and residual affinity, 41. 
Copper, stereochemistry of, 775. 
Copper compounds, quadricovalent, configuration of, 
129. 
Copper pyrophosphates, 1425. 
Cuprous iodide, arsine and phosphine derivatives 
of, 1503. , 
Copper organic compounds :— 
Copper benzylmethylglyoxime dichloride, 131. 
bismethylethylglyoxime, 132. 
dimethylglyoxime dichloride, 131. 
methylethoxyglyoxime dichloride, 565. 
methylethylglyoxime dichloride, 131. 
methylglyoxime dichloride, 131. 
methylmethoxyglyoxime dichloride, 566. 
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Copper ions, anion affinity of, 1121. 

Corrosion, theories of, 366, 1095. 
water-line, 366. 

Coumarin, 5:7-dihydroxy-, 1831. 

Crotonic acid, a-chloro-, ethyl eaten, reaction of, with 
dimethylamine, 1169. 

Crotyl alcohol. See 48-Butenol. 

Cubebinolide, and dibromo-, and dinitro-, 725. 
synthesis of derivatives of, 745. « 

Curare alkaloids, 1276. 

Cyanogen :— 
Hydrocyanic acid, studies on, 184, 339, 1245, 1495. 
isoCyanic acid, ethyl, naphthyl, and phenyl esters, 

dipole moments of, 45. 

Cyclic compounds, oxidation of, by potassium 
permanganate, 368. 

Cylindrite, extraction of indium from, 1290. 

a-Cyperene, 673. 

a-Cyperone, and its derivatives, 667. 

B-Cyperone, and its derivatives, 674. 

Cyperus rotundus, a- rone from oil of, 667. 

Cytisine, synthesis of local anzsthetics from, 1774. 

oethyl benzoate, cinnamate, and p-nitro- 

benzoate, and their salts, 1774. 

y-Cytisinopropyl alcohol, esters of, and their salts, 
1775. 


D. 


Decahydrochrysene, 2-hydroxy-, 
urethane, 761. 
Decahydronaphthalene, action of aluminium chloride 
on, 616. 
Decalin. See Decahydronaphthalene. 
Dehydroanhydropicropodophyllin, synthesis of, 348. 
Dehydronorcaryophyllenic acid, synthesis of, 593. 
Deoxybenzoin, condensation of, with aromatic 
aldehydes and ketones, 806. 
Deoxysmilagenin, 1403. 
Deoxyapoxanthoxyletin, and its methyl ether, 632. 
Derric acid, action of acetic anhydride on, 214. 
Deuteration, efficiencies of acidic agents for, 1637. 
Deuterium, electrolytic preparation of, and its 
separation coefficient, 163. 
electrolytic separation of, 286. 
velocity of adsorption of, by platinum, 1542. 
thermal reaction of, with ammonia, 26. 
reaction of, with nitric oxide, 378. 
introduction of, into aliphatic compounds, 1643. 
into the aromatic nucleus, 1637. 
into benzene, 915. 
symmetrically placed, and hydrogen, molecular 
dissymmetry due to, 808. 
Beutel oxide, exchange reactions of, with organic 
compounds, 1811. 
Diaceto-1-naphthalide, 2:4-dibromo-8-nitro-, 1340. 
Diacetone alcohol, alkaline decomposition of, 1363. 
6:9-Diacetylhexahydrocarbazole, 1298. 
NN’-Diacetyl-1:2-naphthylenediamine, 4-bromo- and 
4-chloro-3-nitro-, and 4-nitro-, 1153. 
3-chloro-, and 3-nitro-, 1763. 
N = — tyl-1:4-naphthylenediamine, 
7:9-Diacetyltetrahydrocarbazole, 40. 
Diacetyl xylal, rotatory dispersion of, 1404. 
Dialkoxybenzophenones, 1854. 
Dialkoxydiphenylsulphones, 1854. 
Diamond, adsorption by, 1256, 1261. 
pp’-Di-n-amyloxybenzophenone, 1860. 
Di-n-amyloxydiphenylsulphone, 1860. 
Dianhydro-hexosazone, and its derivatives, 1773. 
Di-p-anisyl ketone 2:4-dinitrophenylhydrazone, 506. 
s-Di-p-anisylpinacol, 506. 


and its phenyl- 


2:3-dinitro-, 
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Diaryl a-diketones, preparation of, 93. 
Diazonium salts, action of, with acetonesulphonic 
acid, 83. 
on trichloro-a-nitro-B-acetoxyparafiins, 1693. 
Dibenzenesulphon-a-naphthalide, di-m-nitro-, 1846. 
1. epee di-m-nitro-, 
Dibenzo-a-naphthalide, 1846. 
3:6-Dibenzoyl-9-methylcarbazole, 1297. 
a acateeaaaiiatineens seine 2-hydroxy-, 
7:9-Dibenzoyltetrahydrocarbazole, 41. 
Dibenzyl-8-chloroethylcarbinol, 401. 
2:2’-Dibenzyldicyclohexyl, 79. 
Dibenzylethylcarbinol, 401. 
Dibenzyl-f-piperidinoethylearbinol, and its deriv- 
atives, 401. 
Dibenzylvinylearbinol, 401. 
Ditsobutoxydichlorotitanium, 639. 
Di-n-butoxydiphenylsulphone, 1859. 
Di-n-butylthalliumdipropionylmethane, 1682. 
Di-n-butylthalliumpropionylacetone, 1682. 
Dibutylvinylcarbinol, 402. 
Di-d-camphor-10-sulphonyl-p-phenylenediamine, 1221. 
3:3’ - Dicarbomethoxy-aa-diphenylethane, £8 -tri - 
om :4’-dihydroxy, and its diacetyl derivative, 
3:3’-Dicarboxy-aa-diphenylethane, §f8-trichloro-4:4’- 
dihydroxy-, 555. 
3:3’-Dicarboxy-aa-diphenylethylene, §f8-dichloro-4:4’- 
dihydroxy-, and its dimethyl ester, 555. 
Dielectric polarisation. See under Polarisation. 
Diethoxydichlorotitanium, 639. 
ot wane rae eecnmeenmer and its salts, 


6-(8-Diethylaminoethylaminojacridine, 1:3-dichloro-, 


1-(8-Diethylaminoethy])amino-5:10-dihydroacridine 
p-toluenesulphonamide, 609. 

5-(8-Diethylaminoethylamino)-3-methoxyacridine di- 
hydrobromide, 1548. 

5-(8-Diethylaminoethylamino)-3-methylacridine, _1- 
bromo-, 1549. 

5-( 8-Diethylaminoethylmethylamino)-3-methoxy- 
acridine dihydrobromide, 1548. 

5-(8-Diethylaminoethyl-n-propylamino)-3-methoxy- 
acridine dihydrobromide, 1548. 

at -—  ene te aesenan 8-chloro-, and its derivatives, 


eae age AN 1:3- and 
1:4-dichloro-, dihydrobromides, and _ 1:3:7-tri- 
chloro-, 1549. 

5-(y-Diethylamino-»-propylamino)-3-methoxyacridine 
dihydrobromide, 1548. 

5-(y-Diethylamino-n-propylamino)-3-methylacridine, 
1-bromo-, dihydrobromide, and 7-chloro-1-bromo-, 
1549. 

2:2’-Diethylthiacarbocyanine bromide, 5:5’-dibromo-, 

1230. 


iodide, SB: 5’-dichloro-, 1229. 

2:2’-Diethylthiacyanine chloride, 5:5’-dichloro-, 1229. 
iodide, 5:5’-dibromo-, 1229. 

2:1’-Diethylthia-2’-cyanine iodide, 5-bromo-, and 
5-chloro-, 1229. 

2:2’-Diethylthia-1’-cyanine iodide, 5-bromo-, and 
5-chloro-, 1229. 

2:2’-Diethylthiadicarbocyanine bromide, 5:5’:9-iri- 
bromo-, iodide, 5:5’-di- and 5:5’:9-tri-chloro-, and 
p-toluenesulphonate, 5:5’-dibromo-, 1230. 

2:2’-Diethylthiatricarbocyanine iodide, 5:5’-dichloro-, 
and p-toluenesulphonate, 5:5-dibromo-, 1231. 

Digitalis glucosides, 354. 

Digitalonolactone, 445. 

Digitalose, 445. 
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4:4’-Dicyclohexyldiphenyl, 1594.’ 
2:7-Dihexylfluorescein, and 4:5-dibromo-, 3/:6’-di- 
chloro-, and 3’:6’-dichloro-4:5-dibromo-, 1843. 
4:4’-Dihydrazinodiphenylmethane, and 3:3’-dibromo-, 
and its dihydrochloride, 316. 
Dihydro-a-campholytic acid, and its p-phenylphenacy] 
ester, 736. 
Dihydro-a-cyperol, and its 3:5-dinitrobenzoate, 672. 
Dihydro-a-cyperyl 3:5-dinitrobenzoate, oxidation of, 
673. 
Dihydroemicy marin, 445. 
Dihydroergostenol 3:5-dinitrobenzoate, 469. 
Dihydroergosterol, oxidation of, 462. 
a-Dihydrofucosterol, structure of, 738. 
a-Dihydrofucosteryl oxide, and its acetate, 739. 
Dihydrotsolauronolic acid, p-phenylphenacylester, 736. 
3:4-Dihydrophenanthrene-1:2-dicarboxylic anhydride, 
7-hydroxy-, 53. 
a- and £-Dihydropicrotoxinins, 293. 
Dihydroresorcinol 8-m-methoxyphenylethy] ether, 51. 
Dihydrosenecic acid, 745. 
Dihydroxanthoxyletin, 631. 
Dihydroxanthyletin, 1829. 
2:5-Diketo-3-(2’-amino-4’-toly])isoindolinopyrazolido- 
coline, and its diacetyl derivative, 1105. 
2:5-Diketo-3-(2’-nitro-4’-toly])iscindolinopyrazolido- 
coline, 1103. 
1:4-Diketo-3-(2’-nitro-4’-tolyl)tetrahydrophthalazine, 
1107. 
6:7-Dimethoxy-3-acetoxy-4°-chromene-4-carboxylic 
acid, ethyl ester, 213. 
2:5-Dimethoxy-6-allylacetophenone, 279. 
2:5-Dimethoxy-6-allylphenyl styryl ketone, 280. 
Dimethoxyallylstyryl methyl ketones, 278. 
6’:7’-Dimethoxy-8-isoamylchromeno-(3’:4’:4:3)- 
coumarin, 7-hydroxy-, and its acetyl derivative, 
424, 
2:3-Dimethoxybenzhydrol, 347. 
2:3-Dimethoxy benzophenone, 
phenylhydrazone, 347. 
4:4’-Dimethoxybenzophenone, 3-chloro-, 1860. 
f-(3:4-Dimethoxybenzoy])-a-(2’-bromo-4’:5'-di- 
methoxybenzylidene)propionic acid, and its deriv- 
atives, 729. 
a-(3:4-Dimethoxy benzoy])-8-(3’:4’-dimethoxybenzyl)- 
butyrolactone, 727. 
8-(3:4-Dimethoxybenzoy])-a-(3’:4’-dimethoxybenzyl)- 
propionic acid, 729. 
a-3:4-Dimethoxybenzoy]-8-3-methoxy-4-ethoxybenzyl- 
butyrolactone, 1001 
B-3:4-Dimethoxybenzoyl-a-3-methoxy-4-ethoxybenzyl- 
idene-8-methylenepropionic acid, 1002. 
8-3:4-Dimethoxybenzoyl-a-3-methoxy-4-ethoxybenzyl- 
idenepropionic acid, and its y-lactone, 1002. 
3:4-Dimethoxybenzyl-a-cyanoacetic acid, methy] ester, 
728. 
a-(3:4-Dimethoxybenzy])-y-(3’:4’-dimethoxypheny])- 
butyrolactone, 729. 
3:4-Dimethoxy benzyl-3-methoxy-4-ethoxybenzyl- 
butyrolactones, 1001. 
3:4’-Dimethoxychalkone, 257. 
Dimethoxydichlorotitanium, 639. 
a acid. See Netoric 
acid. ' 
5:7- and 6:7-Dimethoxychroman-4-one, 1832. 


and its 2:4-dinitro- 


6:7-Dimethoxy-4*-chromene-4-carboxylic acid. See 
Toxicaric acid. 
6:7-Dimethoxy-4*-chromene-4-carboxylic acid, 3- 


hydroxy-, etbyl ester, 213. 
6’:7’-Dimethoxychromeno-(3’:4’:4:3)-coumarin, 7- 
mono- and 7:8-di-hydroxy-, and their acetyl 


derivatives, 424. 
5:7-Dimethoxycoumarin, 1832. 
5:7-Dimethoxycoumarin-3-carboxylic acid, 1832. 
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6:7-Dimethoxy-1-(3’:4’-dimethoxypheny])-3-hydroxy- 
trae 

6:7-Dimethoxy-1-(3’:4’-dimethoxypheny])-3-hydroxy- 
methyl-1:2:3:4-tetrahydronaphthalene-2-carboxy- 
lactone, 1-hydroxy-, 728. 

4:6-Dimethoxy-2:5-dimethylcoumaranone, 1837. 

a cacao eres ene acid, 

4:6-Dimethoxy-3:5-dimethylcoumarone-2-acetic acid, 
synthesis of, 1834. 

8:4’-Dimethoxyflavylium ferrichloride, 257. 

6:7-Dimethoxy-3-furturylidenechroman-4-one, 1834. 

6:7-Dimethoxy-1-3’-methoxy-4’-ethoxyphenyl-3- 
hydroxy methyl-3:4-dihydronaphthalene-2-carboxy- 
lactone, 1002. 

6:7-Dimethoxy-1-3’-methoxy-4’-ethoxyphenyl-2- 
hydroxymethylnaphthalene-3-carboxylactone, 1002. 

6:7-Dimethoxy-1-3’-methoxy-4’-ethoxyphenyl-3- 
hydroxymethylnaphthalene-2-carboxylactone, 1002. 

8:4’-Dimethoxy-4-(p-methoxyphenacyl)flavylium ferri- 
chloride, 257. 

06 mtnetheny-O(p-easthenyphenneptisens)iavens, 


4:6-Dimethoxy-2-methyl-3-coumaranone, and its 2:4- 
dinitrophenylhydrazone, 1836. 
5:7-Dimethoxy-8-methylcoumarin, 633. 
4:8-Dimethoxy-2-methylcoumarone-3-acetic acid, and 
its ethyl ester, 1837. 
a-3:5-Dimethoxy-4-methylphenoxypropionic acid, 1837. 
1:4-Dimethoxynaphthalene, 2:3-dinitro-, 1152. 
1:8-Dimethoxynaphthalene, 2:4- and 4:5-dinitro-, 558. 
ad-Di-(4-methoxy-1-naphthyl)butane, 189. 
a5-Di-(5-methoxy-1l-naphthyl)butane, 191. 
a-8:5-Dimethoxyphenoxypropionic acid, and its ethyl 
ester, 1836. 
f-3:4-Dimethoxyphenoxypropionic acid, 1833. 
f-3:5-Dimethoxyphenoxypropionic acid, 1834. 
2:4-Dimethoxy-w-phenylacetylacetophenone, 298. 
6:7-Dimethoxy-1-phenyl]-3:4-dihydronaphthalene, 587. 
2:4-Dimethoxy-a-phenyl-f-ethyleinnamic acid, 298. 
2:4-Dimethoxy-a-phenyl-f-methyleinnamic acid, 297. 
4:8-Dimethoxy-3-phenyl-2-methylcoumarone, 1837. 
6:7-Dimethoxy-1-phenylnaphthalene, 588. 
6:7-Dimethoxy-1-phenylnaphthalene-3-carboxylic 
acid, 588. 
Dimethoxy-2:2:3:3-tetramethylcyclopentanediones, and 
their derivatives, 273. 
6:7-Dimethoxy-3-veratrylidenechroman-4-one, 1833. 
3:6-Dimethyl acetone glucose, 1554. 
£8-Dimethyladipic acid, aa’-dibromo-, ethyl ester, 595. 


ay-Dimethylallyl alcohols, optically active isomeric, 


and their esters, 576. 
Dimethylamine, reaction of, with ethyl a-chloro- 
crotonate, 1169. 
4-Dimethylaminoaceto-l-naphthalide, nitration of, 
1500. 
p-Dimethylaminobenzylidene-dl-piperitone, 1599. 
aa-Dimethyl-a’-n-amylsuccinic acid, 1447. 
a’a’-Dimethyl-a-n-amylsuccinic acid, a-cyano-, ethyl 
ester, 1447. 
aa-Dimethyl-a’-n-amylsuccinimide, 1448. 
Dimethylaniline, mesomeric effect of the dimethyl- 
amino-group in, 599. 
Dimethylaniline, 2-bromo-4-nitro-, and its hydro- 
bromide perbromide, 1749. 
p-nitro-, action of sodium nitrite on, in hydrobromic 
acid, 1749. 
Dimethylbenzils, 94. 
3:3-Dimethylcyclobutane-1:2-dicarboxylic acid, 595. 
Se ee acid, 
aa-Dimethyl-a’-n-butylsuccinic acid, 1447. 
3:5-Dimethyl-n-butyrophenone, 2-hydroxy-, 216. 




















2:5-Dimethyl-1:2-dihydrobenzthiazole, 1-thio-, 1673. 

O-Dimethyldihydropicrotoxic acid, and its methy] ester, 
294. 

3:4-Dimethyl-3:4-dihydroquinazoliae, 4-nitro-, 197. 

2:2’-Dimethyldiphenyl, 4-hydroxy-, 322. 

Dimethyldipheny] sulphides, chloronitrohydroxy-, and 
nitrohydroxy-, and their derivatives, 328. 

2’:6’-Dimethyldiphenylsulphone, 2-nitro-4-hydroxy-, 
328. 

3:3’-Dimethyldiphenylsulphone, 4:4’-dichloro-, 707. 

5:5’-Dimethyldi(1:2)pyrrolidine, synthesis of, 606. 
and its derivatives, 607. 

5:5’-Dimethyldi(1:2)pyrrolidine, 4-hydroxy-, and its 
picronolate, 607. 

6:8-Dimethyl-2-ethylchromone, 217. 

5:8-Dimethylflavone, 427. 

Dimethyl d-gluco-ascorbic acid, crystal structure of, 
775. 

3:6-Dimethyl glucose, 1553. 

3:3-Dimethylcyclohexane, 1-hydroxy-1l-cyano-, 1163. 

3:3-Dimethylcyclohexane-l-a-cyanoacetic acid,  1- 
cyano-, ethyl ester, 1163. 

Dimethylhydrindones, and their derivatives, 58. 

3:7-Dimethy]-2-8-hydroxyethylthiochromine, 9- 
chloro-, 1604. 

aa-Dimethyl-levulic acid, ethyl ester, 1852. 

2:5-Dimethyl-1-8-4’-methoxy-1’-naphthylethylcyclo- 
pentanol, 190. 

Dimethylnaphthaldehydes, and their derivatives, 343. 

Dimethyl-a-naphthylamine, 4-amino-, 4-chloro-, 
chloronitro-, and their derivatives, 1501. 

Dimethyl-8-naphthylamine, 1-nitro-, 1503. 

2:5-Dimethy]-0:3:3-bicyclooctane, 621. 

2:5-Dimethyl-4'-0:3:3-bicyclooctene, 621. 

fl-Dimethyl-<-octolactone, dipole moment of, 1389. 

§3-Dimethylpentane-af5-tricarboxylic acid, and its 
derivatives, 1853. 

p8-Dimethyl-4 *.pentene-ad-dicarboxylic acid, a-cyano., 
ethyl ester, 1853. 

Dimethylpentenylcarbinols, and their phenylureth- 
anes, 473. 

2:4-Dimethy]-5-8-phenoxyethylthiazole, and sits 
picrate, 1556. 

3:5-Dimethylpropiophenone, 2-hydroxy-, 216. 

Dimethyl-n-propylarsine, formation of, and its salts, 
by micro-organisms, 264. 

1:10-Dimethyl-7-isopropyldecal-2-one, synthesis of, 
and its derivatives, 1137, 1140. 

1:2-Dimethyl-7-isopropylnaphthalene, derivatives of, 
673. 

Dimethyl-7-isopropylnaphthalenes, and their deriv- 
atives, 674. 

2:5-Dimethyl-3-isopropyl-1:2:3:4-tetral-l-one, and its 
phenylsemicarbazone, 675 

2:5-Dimethylpyrimidine, 4:5-dichloro-, 4-hydroxy-5- 
amino-, and its derivatives, and 4:5-dihydroxy-, 
1603. 

5:6-Dimethylpyrimidine, 2:4:5-trichloro-, 1604. 

5:10-Dimethy]-3:4:10:11-tetrahydro-2’:1’-naphtha-1:2- 
fluorene, 8-bromo-, 60. 

Dimethyl-3:4:10:11-tetrahydro-2’:1’-naphtha-1:2-fluor- 
enes, and their picrates, 58. 

3:7-Dimethylthiochromine, 9-chloro-, 1604. 

ad-Di-1-naphthyl-fy-dimethylbutane, 61. 

Se 


Dinitritobis( butyiphosphine)palladium, 886. 
en a 886. 
ipyridytpalladitim, 886 

Dinitrito-p-toluidinobutylphosphinepalladium, 888. 

Diphenyl, and 4:4’-dichloro-, dipole moments of, in 
polar solvents, 487. 

Dipheny] series, inductive effects in, 1130. 

yy-Diphenylallyl chloride, 402. 
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Diphenylamine derivatives, action of phosphorus 
pentachloride on, 1163. 
Diphenylamine, 3:2’-diamino-, and its dihydrochloride, 
1616 


3:3’-diamino-, and its 3:3’-diacetyl derivative, and 
3:3’-dinitro-, 90. 
Diphenylamine-2-carboxylic acid, dinitro- derivatives, 
and 5-nitro-6’-amino-, hydrochloride, 1615. 
5:5’-dinitro-, and its silver salt, 90. 
Diphenylamine-2’-carboxylic acid, § 2:5-dichloro-, 
chloride, 1165. 
Diphenylamine-2’-carboxylic acids, trichloro-, and 
their derivatives, 1164. 
Diphenylbenzamidine, o’- and m-chloro-, and their 
hydrochlorides, 430. 
ay-Diphenyl-ay-di-1-naphthylallene, and its optically 
active forms, 994. 
ay-Diphenyl-ay-di-1-naphthylallyl alcohol, 994. 
ay-Diphenyl-ay-di-1-naphthyl-4*-propylene, 997. 
8-Diphenyldi(nitrophenyliminobenzyl)hydrazines, s-di- 
nitro-, 796. 
s-Diphenyldi(phenyliminobenzyl)hydrazine, 796. 
Diphenylene dioxide, dinitro-, 1244. 
sulphide, 3-amino-, 3-bromo-, 3-hydroxy-, and 
3-nitro-, 1436. 
Diphenylene oxide-arsonic acids, and their salts and 
hydrates, 1237. 
Diphenylenesulphone, 2:7-diamino-, -dibromo- and 
3-mono- and 2:7-di-nitro-, 1437. 
Diphenylmethane, 3:3-dibromo-4:4’-diamino-, and its 
derivatives, 315. 
2:4:6:2’:4’-pentanitro-, 1479. 
Diphenylmethanes, nitro-, reactivity of methylene 
group in, 1478. 
1:3-Diphenyl-1-a-naphthyl-4:5-benzindene, 996. 
ste tt pr a st ag paramagnetism 
0 
Diphenylsulphones, chloronitro-, nitroamino-, and 
nitrohydroxy-, and their derivatives, 220. 
2:4-dinitro-, action of sulphinates on, 218. 
2:5-Diphenylsulphonylbenzene, 1-nitro-, 219. 
Diphenyl-2-acetic acid, ethyl ester, 323. 
Dipole moments and molecular structure, 402. 
and fixation of aromatic double links, 1532. 
solvent effect in measurements of, 49]. 
of acid halides, 158. 
and structure of organic compounds, 393. 
of polynitro-compounds, 863. 
electric, of carboxylic esters and of lactones, 1383. 
pp’-Dipropoxybenzophenones, 1860. 
Ditsopropoxydichlorotitanium, 639. 
4:4’-Dipropoxydiphenylsulphones, 1859. 
2:2’-Ditsopropyldiphenyl, 2:2’-di-a-hydroxy-, 1116. 
Di-n-propyl ketone, ultra-violet irradiation of, 253. 
"nn ketone, free propyl radical from, 
Di-n-propylthalliumpropionylacetone, 1682. 
Dipyridylpalladium, dichloro-, 884. 
aa’=Dipyridyltri-n-butylarsinecopper, iodo-, 1509. 
aa’=Dipyridyltri-n-butylphosphinecopper, iodo-, 1/508. 
ad-Di-(2-quinolyl)butane, 183. 
Dispersion, rotatory, 1156. 
of carbohydrate group, 1403. 
Dissociation constants, 1713. 
and constitution of monocarboxylic acids, 644. 
of organic acids, 1756. 
of weak acids in ‘heavy water, 1361. 
Distyreneplatinous chloride, 1048. 
Dithlosponntatie(butylacsine)-p-ditioeyenstot- 
palladium, 886 
Dithiocyanatobis( butylarsine)palladium, 886. 
ne ay a a em wert 
palladium, 
iatoarauntstbittictylyhetyhtusigaitetetas 887. 
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Dithiocyanatobis( propylarsine)-.-dithiocyanatodi- 
palladium, 887. 

Dithiocyanatobis(propylarsine)palladium, 887. 

2:3-Dithiosulphindene, derivatives of, 1146. 

Di-p-toluenesulphonylphenylhydrazine, 1243. 

2:5-Di-p-tolylsulphonylbenzene, 1-nitro-, 220. 

Dodecahydrochrysenes, 2-hydroxy-, 761. 

2-n-Dodecylanthraquinone, l-amino-, 1842. 

Drosera Whittakeri, colouring matters of, 1457. 

— structure of, and its reduction potential, 

457. 

Dyes, adsorption of, at air-water and paraffin—water 

interfaces, 1306. 


Eicosanoic acid, 11:12-dihydroxy-, 1754. 
Electrolytic conductivity of electrolytes in anhydrous 
hydrogen cyanide, 1245. 
dissociation, 847, 1121. 
oxidation, 820, 1453. 
reduction of organic compounds, 202, 574, 810. 
Emicymarin, and its diacetyl derivative, 444. 
allo- and tso-Emicymarins, 446. 
Enantiomers, velocities of reaction of, with a common 
optically active reagent, 1219. 
Energy, bond, and atomic heats of formation, 1126. 
Epifucostanol, and its acetate, 741. 
4-By-Epoxypropoxyacetophenone, 2-hydroxy-, and its 
acetyl derivative, 591. 
Equilibrium constants in terms of activities, 1303. 
isoErgine, and its hydrochloride, 1440. 
Ergometrinine, and its salts, 1166. 
Ergot alkaloids, 1166, 1440. 
Eriosoma lanigerum. See —_ woolly. 
Esters, kinetics of acid and alkaline om of, 1357. 
action of amines on, 797. 
action of ammonia on, 355. 
acetylenic, Michael reaction with, 1804. 
carboxylic, electric dipole moments and wave- 
mechanical resonance of, 1383. 
hydrolysis of, 222. 
of monobasic fatty acids, heats of crystallisation of, 
1372. 
identification of, 398. 
Ethane, nitro-, photochemical decomposition of, 1580. 
p-Ethoxy-p’-n-amyloxybenzophenone, 1860. 
4-Ethoxybenzophenones, mono- and di-chloro-, 1861. 
p-Ethoxy-p’-n-butoxybenzophenone, 1860. 
4-Ethoxydiphenylsulphone, 3-nitro-, 220. 
2-Ethoxy-f-naphthathiazole, 1670. 
y-m-Ethoxyphenylbutyric acid, 757. 
£-m-Ethoxyphenylpropionic acid, ethyl ester, 756. 
y~m-Ethoxyphenylpropyl alcohol, and its derivatives, 
756. 
6-Ethoxy-a-tetralone, 756. 
l-a-Ethoxy-N-p-toluenesulphonylpropionamide, 308. 
Ethyl ether, surface tension of mixtures of, with 
sulphuric acid, 684. 
influence of hydrogen on decomposition of, 818. 
Ethyl iodide, neutron bombardment of, 387. 
a-Ethylacetoacetic acid, a-chloro-a-2-hydroxy-, ethyl 
ester, 2-acetyl defivative, 1556. 
f-Ethylamino-n-pentane, yy5-trichloro-a-nitro-, and 
its hydrochloride and phenylcarbamyl derivative, 
1531. 
f-Ethylaminopropane, yyy-trichloro-a-nitro-, and its 
hydrochloride, 1530. 
a-Ethylbenzoic acid, 2-hydroxy - 5 - B88 - trichloro - a - 
hydroxy-, and its derivatives, 554. 
(2-Ethyl-1-benzthiazolo)(1’-methoxy-3’-(2”:6”=di- 
chloro-4’’-nitropheny] }-3’:4’-dihydro-4’-phthalazino)- 
carbocyanine, 5-chloro-, iodide, 1711. 
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OS ee acid, ethyl ester, 
A 


N-Ethyleystine, N-8-hydroxy-, 1774. 
Ethyldibutylearbinol, 8-chloro-, 402. 
Ethylenediaminocyclodecamethylenegold bromide, 


Bihylenediaminocyclpentamethpleogol bromide, 

Bthylenie compounds, configuration of, from dipole 
moments, 402. 

O-Ethyleugenol oxide, 1000. 

6-Ethylhexahydrocarbazole, and 9-p-nitro-, 1298. 

7-Ethylhexahydrocarbazole, 41. 

Ethyl d-neomenthylglycine, 1225. 

= y-m-methoxyphenylpropyl ketone, £-chloro-, 
49. 

3-Ethyl-a-naphthaquinoline, 1367. 

ee and its derivatives, 
76 

1-Ethylpyridinium salts, 691. 

4-Ethylpyrimidine, 2: 6-diamino., 2-amino-6-hydroxy-, 
and 6-chloro-2-amino-, 1558. 

3-(4’- -Ethylpyrimidyl-5’ )-4-methyl-5-8-hydroxyethyl- 
— chloride: hydrochloride, 3-6’-amino-, 
560. 

3-(4’-Ethylpyrimidyl-5’)-4-methylthiazolium chloride 
hydrochloride, 3-6’-amino-, 1561. 

4-Ethylresorcinol diacetate and diallyl ether, 280. 

ne 
chloro-, ‘ 


isoFenchocamphononic acid, synthesis of, 1852. 

Films, adsorbed, polymolecular, 1467, 1799. 
surface, and structure of resinols and allied sub- 

stances, 1585. 

Flavone, 4’:5-dihydroxy-, and its diacetyl deriv- 
ative, 1714. 

Fluids, adsorption at interface between, 1306. 

Fluoranthene, synthesis of, 1434. 

Fluorene-2-aldehyde, and its derivatives, 345. 

a dyes, effect of alkyl groups on properties 
of, 1838. 

Fluosilicates, decomposition of, in aqueous and 
aqueous salt solutions, 1334. 

Formaldehyde, slow combustion of, 649. 
photochemical oxidation of, 1036. 
photolysis of, at high temperatures, 890. 

Formanilide, N-iodo-, rearrangement of, in anisole 
solution, 1520. 

Formate ions, exchange reaction of deuterium oxide 
with, 1811. 

Formazyl, pp’-dichloronitro-, 1694. 

6-Formylcoumarin, 7-hydroxy-, and its phenylhydr- 
azone, 1830. 

Formylmethylmalonic acid, ethyl ester, semicarbazone, 
1809 


5-Formylphenthiazine, 2:4-dinitro-, 1609. 
Friedel-Crafts reaction in the carbazole series, 1295. 
Fucostanedicarboxylic acid, and its dimethyl ester, 
741. 
a-Fucostanedione, 740. 
a-Fucostanedionol, 740. 
a-Fucostanetriol, 740. 
Fucostanol, and its derivatives, 740. 
identity of, with ostreastanol, sitostanol, and stig- 
mastanol, 738. 
740. 


a-Fucostenedione, 
Sasssenaan and its semicarbazone, 740. 
Furfurylidene-d/-piperitone, 1599. 
condensation of, with ethyl 
acetoacetate, 752. 








er, 








2-Furfurylidene-a-tetralone, 754. 
a-Furylmethylearbinol, resolution of, and its esters, 
621. 


G. 


d-Galacto-ascorbic acid hydrate, crystal structure of, 
774. 

Galactose, potassium hydroxide compound of, 1765. 

Galiosin, 1714. 

Genkwanin, synthesis of, and its derivatives, 569. 

Glucal series, rotatory dispersion in, 1403. 

Glucose, heats of activation in mutarotation of, 1824. 

Glucosides of the glyoxaline series, 505. 

N-Glucosidoglyoxaline, 506. 

Glycerides, X-ray and thermal examination of, 1628. 

a-Glycerides, X-ray and thermal examination of, 1628. 

Glycerol ay-bis-(3-hydroxy-4-acetylpheny]) ether, and 
its derivatives, 590. 

Glyoxal 2:4-dinitrophenylhydrazone, 824. 

Glyoxaline, silver derivative, 505. 

Gold, tervalent, sicreochemistry of quadricovalent 
compounds of, 1635. 

Gold organic compounds, heterocyclic, 324. 

Graphite, formation of, 456. 
adsorption by, 1256, 1261. 

Grignard reaction with ethyl 8-chloropropionate, 401. 


Halides, organic, irradiation of, 391. 

Halogens, polar effect of, in substitution, A., 1448. 

Halogenation, alkaline, 168. 

N-Halogenoacylanilides, rearrangements of, 1154. 

Halogeno-aldehydes, condensation of, with nitro- 
paraffins, 1294. 

Hantzsch Memorial Lecture, 1051. 

Heat of formation, atomic, and bond energy, 1126. 

Heptadecoin, 1634. 

p-n-Heptoxybenzophenone, 1861. 

2-n-Heptylanthraquinone, and l-amino-, and 1-nitro-, 
1841 


2-(4’-Heptylbenzoyl)benzoic acid, 1841. 
2-(4’-Heptylbenzyl)benzoic acid, 1841. 
Heterocyclic compounds, configuration of, 730. 
dynamic isomerism in, 1143. 
unsaturation and tautomerism of, 1668, 1672. 
2:2:4:4:5:5-Hexacarboxycyclopentane-l-malonic acid, 
esters, 152. 
Hexadeuterobenzene, physical properties of, 915. 
infra-red and Raman spectra of, 966. 
resonance emission spectrum of, 955. 
liquid, Raman spectrum of, 925. 
liquid and vapour, infra-red absorption spectra of, 
931. 
vapour, fluorescence spectrum of, 941, 1210. 
vibration frequency of 971. 
4°%.Hexadiene-aayydd{f-octacarboxylic acid, esters, 
properties of, 142. 
cis- and trans-Hexahydroanthrones, and their oximes, 
79. 
1:2:9:10:11:12-Hexahydro-3:4-benzphenanthrene, 598. 
ee 5- and 7-amino-, derivatives of, 


mS 71. 

Hexahydrofluorenone, and its derivatives, 71. 

Hexahydrocyclopentanophenanthrene, 764. 

Hexahydro-1:2-cyclopentanophenanthrene, 3-hydroxy-, 
and its phenylurethane, 764. 

Hexahydrophenanthrene, 77. 

n-Hexane, action of nitrosyl chloride on, in light, 1005. 

n-Hexane, 55¢-trichloro-8-nitro-y-hydroxy-, 1294. 

cycloHexane series, 1159, 1162. 
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Hexane-afe-tricarboxylic acid, triethyl ester, 1624. 
cycloHexanone-2-carboxylic acid, ethyl ester, reactions 
of, with unsaturated methyl ketones, 1626. 
“ Hexasulphamide,’’? formation and constitution of, 
1645. 
n-Hexophenone 2:4-dinitrophenylhydrazone, 788. 
cycloHexyl nitrite, and 2-chloro-, 285. 
1-cycloHexy]-3:4-dihydronaphthalene, 1432. 
4-cycloHexyldiphenyl, and its derivatives, 1593. 
4-cycloHexyldiphenyl, 4’-bromo-, and 4’-bromo-4- 
tribromo-, 1780. 
4-cycloHexyldiphenyl-4’-carboxylic acid, 1594. 
cycloHexylnaphthalenes, and their derivatives, 1431. 
5-cycloHexyl-1:2:3:4-tetrahydronaphthalene, 1433. 
w-cycloHexyl-o-toluic acid, 79. 
Hinokinin. See Cubebinolide. 
Héchst yellow U, structure of, and its derivatives, 
1474. 
Homocaryophyllenic acid, and its dianilide, 742. 
Homocuminy] alcohol, and its derivatives, 674. 
Homocuminylmalonic acid, ethyl ester, 676. 
Homocuminylmethylmalonic acid, ethyl ester, 674. 
Hormones, cestrogenic, synthesis of compounds 
related to, 50, 52, 54. 
Hydration, entropy of, 1171. 
Hydrindene, 5:6-dibromo-, 1537. 
Hydrindenes, bromo-, dipole moments and structure 
of, 1532. 
Hydriodic acid. See under Iodine. 
Hydrobromic acid. See under Bromine. 
Hydrocarbons, aromatic, formation of complexes of, 
with polynitro-compounds, 1463. 
aromatic polycyclic, 596. 
cyclic, preparation of, from unsaturated tertiary 
alcohols, 470. 
paraffin, hydrogen exchange of, with sulphuric acid, 
1643. 


Hydrochloric acid. See under Chlorine. 
Hydrochrysene, derivatives of, 759. 
Hydrocyanic acid. See under Cyan 
Hydrogen isotopes, prototropy in relation to exchange 
of, 1328, 1550. 
anion affinity of, 1121. 
adsorption of, by diamond and graphite, 1256. 
velocity of adsorption of, by platinum, 1542. 
influence of, on unimolecular short-chain reactions, 
818. 
photochemical action of, with chlorine, 241. 
reaction of, with nitric oxide, 378. 
velocity of reaction of, with sulphur, 454. 
symmetrically placed, and deuterium, molecular 
dissymmetry due to, 808. 
Hydrogen peroxide, catalytic decomposition of, with 
charcoal, 1688. 
Hydrocyclopentanophenanthrene, derivatives of, 763. 
Hydroxides, electrometric studies of precipitation of, 
96 


Hydroxy~-carbonyl compounds, 215, 426, 1831. 

o-Hydroxy-carbonyl compounds, stabilisation of 
Kekulé forms in, 274. 

Hypoxanthine, dissociation constant of, 1713. 


Imidochlorides, 428, 431. 

d-Imino-galacto-ascorbic acid, crystal structure of, 
774. 

1-Imino-2-methylbenzthiazoline, reactivity of imino- 
group in, 507. 

Indigotin, products of benzoylation of, 1474. 

Indium, extraction of, from minerals and tin, 1290. 
determination of, spectrographically, in minerals, 

1286. 
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Indium minerals, 1286, 1290. 

Indole, dipole moment of, 47. 

Indole group, constitution of, 899. 

isoIndolinone-3-acetic acid, and its amide, 1104. 

Inosine, dissociation constant of, 1713. 

Insects, chemistry of, 1034, 1241. 

Iodine monochloride, dipole moment of, in solution, 
847. 

Hydriodic acid, addition of, to olefins, 1605. 
Iodobisethylenediaminohydroxoruthenium iodide, 44. 
Iodoform, additive compound of, with quinoline, 1577. 
Iodotetramminoruthenium salts. See under 

Ruthenium. 

Ionisation constants, relation of, to velocity of 
reaction, 436. 
of dibasic acids, effect of temperature on, 133. 
Iron organic compounds :— 
Iron nitrosocarbonyl and pentacarbonyl, parachors 
of, 1284. 
Isatin, dipole moment of, 47. 
Isomerides, optical, m.-p. curves of, 718. 
Isomerism, dynamic, in heterocyclic compounds, 
1143. 


f-Keto-a-acetyladipic acid, esters, 1849. 

Keto-acid, C,,H,,0,, and its semicarbazone, from 
ozonolysis of calciferol, 907. 

B-Ketoadipic acid, methyl ethyl and methyl esters, 
1850. 


2-Ketodecahydrochrysenes, 760. 
3’-Keto-3:4-dihydro-1:2-cyclopentenophenanthrene, 
synthesis of, 1848. 
4-Keto-5:5’-dimethyldi(1:2)pyrrolidine, and its deriv- 
atives, 607. 
2-Ketododecahydrochrysene, and its oxime, 762. 
4-Keto-1-ethoxy-3-(2’-nitro-4’-tolyl)-3:4-dihydrophthal- 
azine, 1108. 
3-Keto-7-ethoxy-3:9:10:11-tetrahydro-1:2-cyclopentano- 
phenanthrene, 765. 
3-Keto-1-furylhexahydrophenanthrene, 755. 
3-Keto-1-furyl-2-methyloctahydrophenanthrene-2- 
carboxylic acid, ethyl ester, 756. 
3-Keto-1-furyloctahydrophenanthrene-2-carboxylic 
acid, ethyl ester, 755. 
2-Keto-1:2:9:10:11:12-hexahydro-3:4-benzphen- 
anthrene, and its derivatives, 598. 
3-Ketohexahydro-1:2-cyclopentanophenanthrene, 
its semicarbazone, 764. 
3-Keto-4!-cyclohexenyl 8-1-naphthylethyl ether, 51. 
1-Keto-9-hydroxy-1:2:3:4-tetrahydrophenanthrene, 192. 
B-Keto-5-hydroxy-0-(2:2:6-trimethyl-4°-cyclohexenyl)- 
¢-methyl-4*”-octadiene, derivatives of, 562. 
a-Ketol carboxylic acids, 1788. 
2-Keto-10-methoxydecahydrochrysene, 
graphy of, 758. 
3-Keto-7-methoxy-1-a-furylhexahydrophenanthrene-2- 
carboxylic acid, ethyl ester, 756. 
1-Keto-7-methoxy-2-methyl-1:2:3:4:9:10-hexahydro- 
phenanthrene, and its 2:4-dinitrophenylhydrazone, 
194. 
1-Keto-7-methoxy-8-methy]-1:2:3;4-tetrahydrophen- 
anthrene, and its 2:4-dinitrophenylhydrazone, 318. 
4-Keto-7-methoxy-1-methyl-1:2:3:4-tetrahydrophen- 
anthrene, and its 2:4-dinitrophenylhydrazone, 321. 
1-Keto-7-methoxyoctahydrophenanthrene, and _ its 
derivatives, 750. 
a-( y’-Keto-a’-p-methoxyphenyl-n-butyl)adipic acid, 
ethyl hydrogen ester, 1627. 
2-Ke methoxypheny]-4***-octalin-10-carboxylic 
acid, ethyl ester, 1627. 
5-Keto-8-m-methoxyphenyloctane-2-carboxylic 
methyl ester, 193. 


and 


crystallo- 


acid, 
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OReS-eenenenpebanaterate acid, methyl ester, 

3-Keto-7-methoxy-3:9:10:11-tetrahydro-1:2-cyclopent- 
anophenanthrene, crystallography of, 759. 

1-Keto-7-methoxy-1:2:3:4-tetrahydrophenanthrene 
2:4-dinitrophenylhydrazone, 750. 

~~ ironed 2:3:4-tetrahydrophenanthrene, 


1-Kelo-#- methoxy :2:3:4-tetrahydrophenanthrene, 


9-Koto-1-mothyi-1:2-dihyre-f-caphthathiasole, 1670. 

7-Keto-3-methyloctahydropyrrocoline, and its picrate, 
1430. 

2-Keto-4-methyl-4**-octalin-10-carboxylic acid, ethyl 
ester, 1627. 

B-Keto-a-methyl-a-(f’-phenylethyl)adipic acid, methyl 
ester, 1851. 

13-Ketomyristic acid, ethyl ester, 282. 

— f’-1-naphthylethyl)adipic acid, methy] ester, 


Ketone, C,;H,,0, and its 2:4-dinitrophenylhydrazone, 
from ethyl 1-methyl-4-isopropyleyclohexan-2-one-1- 
B-propionate and ethyl bromopropionate, 1140. 

Ketones, rates of bromination and of racemisation of, 

623. 
aromatic, condensation of deoxybenzoin with, 806. 
hydroaromatic, related to anthracene and phen- 
anthrene, 71. 
liquid and dissolved, photoreactions of, 1685. 
optically active reagents for, 1222. 

5-Ketonic acids, influence of methylcyclohexane rings 
on tautomerism of, 570. 

1-Keto-3-(2’-nitro-4’ ‘> Weeememenneeens 
azine-4-acetic acid, 1 

PR ate on com dma and its derivatives, 77. 

2-Ke dropyridocoline, and its picrate, 1430. 

13-Keto-22-phenylbehenic acid, 282. 

a-(y’-Keto-a’-phenyl-n-butyl)adipic acid, and its esters, 
1627 


p-Keto-a-(8’-phenylethyl)adipic acid, methyl ester, 
1851 


2-Keto-4-phenyl-4**-octalin-10-carboxylic acid, ethyl 
ester, 1627. 

13-Keto-15-phenylpentadecoic acid, and its deriv- 
atives, 282. 

4-Keto-1-pheny]-1:2:3:4-tetrahydro-2-naphthoic 
and its ethyl ester, 597. 

Ketostearic acids, hydroxy-, 1788. 

13-Ketotetracosanoic acid, 284. 

3-Keto-3:9:16:11-tetrahydro-1:2-cyclopentanophen- 
anthrene, and its oxime, 764. 

1-Keto-2-(1’-tetralylidene)-1:2:3:4-tetrahydronaphthal- 
ene, and its 2:4-dinitrophenylhydrazone, 1433. 

1-Keto-2:3-dithioindenehydrazone-f-carboxylic 
isoamy] ester, 1147. 

B-Keto-0-(2:2:6-trimethyl-4*-cyclohexenyl)-¢-methyl- 
Aven-octatriene, 562. 

Ketoxime picryl ethers, effects of substitution on re- 
arrangement of, 448. 

Kinetics of complex formation in solution, 101. 

Kostanecki reaction, influence of phenyl group on, 
295. 


acid, 


acid, 


L. 


Lactal, and its hexa-acetyl derivative, rotatory dis- 
persion of, 1404. } 

Lactic acid, trichloro-, ethyl ester, action of phenyl- 
hydrazine on, 801. 

l-Lactic acid, rotation of, during neutralisation with 
sodium hydroxide, 1487. 

Lactones, aentele dipole moments and wave-mechan- 


ical resonance of, 1383. 


























Lactose, potassium hydroxide compound of, 1765. 

Lanceol, and its derivatives, 1619. 

Lanigerin, 1035. 

Lanostenes, 1566. 

Lanostenones, and their derivatives, 1566. 

Lanosterol, and its derivatives, 1562. 

isoLanosterols, and their derivatives, 1566. 

Laudanosine, synthesis of, 201. 

Laudanosines, a- and f-hydroxy-, and their hydro- 
chlorides, 731. 

Lectures delivered before the Chemical Society, 
1051, 1067, 1079. 

a- and £-Licanic gem and their maleic anhydride 
compounds, 1481 

Lignoceric acid, crystallography of, 717. 

Linkings, chemical, 1576. 
double, mechanism of addition to, 432, 1028. 

Liquids, adsorption at interface between two, 119. 
mutually surface-active, 684. 

Lithium, separation of, and its determination in 
silicates, 1395. 

Lupin alkaloids, 606, 1025, 1429, 1444. 

isoLupanine, and its hydriodide, 1027. 

Lutein, 1379. 

t-Lysergic acid, and its methyl ester, 1444. 

isoLysergic acid, and its derivatives, 1440. 


Magnesium pyrophosphates, 1420. 

Malein-a-naphthylamic acid, 1846. 

Malein-8-nitro-a-naphthylamic acid, 1847. 

l-Malic acid, rotation of, during neutralisation with 
sodium hydroxide, 1487. 

Malondialdehyde, bromo-, preparation of, 784. 

Malonic acid, ethyl ester, sodium derivative, reactions 
of, with anilide imidochlorides, 428. 

Mandelic acid, normal and acid salts of, 868. 

Manganese pyrophosphates, 1423. 
Permanganates, mechanism of reduction of, 207. 

Margaric acid, f.p. of mixtures of, with palmitic and 
stearic acids, 627. 

Matai. See Podocarpus spicatus. 

dl-Matairesinol dimethyl ether, and dibromo-, and 
di- and tetra-nitro-, 725. 

= point, determination of, of organic compounds, 


of ae chain carbon compounds, 1368. 
Melting-point curves of optical isomerides, 718. 
Memorial Lecture, Hantzsch, 1051. 
|-4?-Menthen-1-ol, 1597. 
|-Menthone-/-menthylglycinehydrazone, 1225. 
dl-Menthone-d-neomenthylglycinehydrazone, 1225 
l-Menthylglycinehydrazide, 1224. 
d-neoMenthylglycinehydrazide, 1225. 

Mercury organic compounds, complex, containing 

sulphur, 175. 

Mesitylene, ¢rinitro-, dipole moment of, 862. 
Mesomerism, rin, -chain, 142. 
Metallic ae oe parachors of, 1283. 
salts, electrolytic conductivity of, in anhydrous 
hydrogen cyanide, 1245. 
adsorption of argon on crystals of, 1467. 
complex, constitution of, 873, 1503. 
ae nitro-, photochemical decomposition of, 


a complex formation of, 1463. 
On re and 5-hydroxy-, 


2 Mathory-+aliloryiyy methyl ketone, 278. 
7’-Methoxy-8-isoamylchromeno-(3’:4’:4:3)-coumarin, 
7-hydroxy-, and its acetyl derivative, 425. 
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8 ’-Methoxy-8-iscamylchromeno-( 3’:4’:4:3)-coumarin, 
7-hydroxy-, and its acetyl derivative, 425. 

p-Methoxy-p’-n-amyloxybenzophenone, 1860. 

Methoxyazobenzenes, parachor, surface tension, and 
density of, 38. 

o-Methoxybenzaldehyde, parachor, surface tension, 
and density of, 39. 

4-Methoxybenzophenones, bromo-, chloro-, fluoro-, and 
nitro-, 1861. 

4-Methoxy-3- and -4’-benzoyldiphenyl, and their 
2:4-dinitrophenylhydrazones, 804 

7-Methoxy-2-benzylchromone, 298. 

7-Methoxy-2-benzyl-3-methylchromone, 298. 

p-Methoxy-p’-n-butoxybenzophenone, 1860. 

p=-Methoxy-p’-f-chloroethoxybenzophenone, 1860. 

1-Methoxy-3-(2’:6’-dichloro-4’-nitropheny])-4-p-di- 
methylaminostyrylphthalazinium perchlorate, 1710. 

1-Methoxy-3-(2’:6’-dichloro-4’-nitropheny!)-4-methyl- 
phthalazinium perchlorate, 1709. 

1-Methoxy-3-(2’:6’-dichloro-4’-nitropheny])-4-(4’’- 
7 cnet, perchlorate, 

Methoxychroman-4-carboxylic acids, and 3-hydroxy-, 
and their ethyl esters, 421. 

Methoxy-4*-chromene-4-carboxylic acids, and 3- 
hydroxy-, ethyl esters, and their acetates, 421. 
7’-Methoxychromeno-(3’:4’:4:3)-coumarin, 7- 
hydroxy-, and 5:7- and 7:8-di-hydroxy-, and their 
acetyl derivatives, 425. 

8’-Methoxychromeno-(3’:4’:4:3)-coumarin, 

hydroxy-, and 7:8-dihydroxy-, and their ite 

derivatives, 425. 

4-Methoxy-3:4’-dibenzoyldiphenyl, 804. 

y-6-Methoxy-3:4-dihydro-1-naphthyl-a-methylbutyric 
acid, methyl ester, 194. 

ee dro-1:2-cyclopentanophenanthrene, 

7-Methoxy-3:4-dihydrophenanthrene-1:2-dicarboxylic 
anhydride, 53. 

2-Methoxy-3:5-dimethylacetophenone, and its semi- 
carbazone, 215. 

9-Methoxy-1:3’-dimethyl-3:4-dihydro-1:2-cyclo- 
pentanophenanthrene, and its derivatives, 190. 

10-Methoxydodecahydrochrysene, 2-hydroxy-, 
crystallography of, 758. 

— -ethoxybenzophenone, and 3’-chloro-, 


S-athory-+-ethorybenzoylacatic acid, ethyl ester, 


o-5-Mothouy-4-ethonyhenneyl-f-2: 4-dimethoxybenzyl- 
butyrolactone, 1001. 
B-3-Methoxy-4-ethoxybenzoyl-a-3:4-dimethoxybenzyl- 
idene-f-methylenepropionic acid, 1002. 
B-3-Methoxy-4-ethoxy benzoyl-a-3:4-dimethoxybenzyl-. 
idenepropionic acid, and its y-lactone, 1002. 
B-3-Methoxy-4-ethoxybenzoylpropionic acid, 1001. 
6-Methoxy-7-ethoxy-1-3’:4’-dimethoxyphenyl-3- 
hydroxymethy1-3:4-dihydronaphthalene-2-carboxy- 
lactone, 1002. 
6-Methoxy-7-ethoxy-1-3’:4’-dimethoxypheny]-2- 
hydroxymethylnaphthalene-3-carboxylactone, 1002. 
6-Methoxy-7-ethoxy-1-3’:4’-dimethoxyphenyl-3- 
hydroxymethylnaphtkalene-2-carboxylactone, 1002. 
Strapon acid, a-cyano-, 


B-3-Methoxy-4-ethoxyphenylpropionic acid, a-cyano-, 
and its methyl ester, 1000. 

4’-Methoxyflavone, 5-hydroxy-, and its acetyl deriv- 
ative, 1714. 

6-Methoxyflavone, 5:7-dihydroxy-. See Oroxylin-A. 

6-Methoxy-2-a-furfurylidene-a-tetralone, 756. 

3-Methoxy-2:2:4:4:5:5-hexacarboxycyc/opentane-1- 
malonic acid, methyl ester, 152. 

2-Methoxyhexahydrochrysene, 761. 
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4-Methoxymethylbenzophenones, 1861. 
3-Methoxy-4’-methylchalkone, 257. 
6-Methoxy-2-methyl-3-coumaranone, and its 2:4-di- 
nitrophenylhydrazone, 1836. 
6-Methoxy-2-methylcoumarone-3-acetic acid, 1836. 
8-Methoxy-1-methy]-3:4-dihydro-1:2-cyclopentano- 
phenanthrene, 191. 
9-Methoxy-1-methyl-3:4-dihydro-1:2-cyclopentano- 
phenanthrene, 190. 
‘7-Methoxy-3’:4’-methylenedioxy-2-styryl-3-phenyl- 
chromone, 299. 
8-Methoxy-4’-methylflavylium ferrichloride, 258. 
4-Methoxy-1-methylnaphthalene, 189. 
S * SErpeRnOReteIn ne acid, 
y-(2-Methoxy-1-methyl-6-naphthyl)butyric acid, 318. 
7-Methoxy-2-methyloctahydrophenanthrene-2-carb- 
oxylic-1-8-propionic acid, 1851. 
9-Methoxy-3’-methyl-1:2-cyclopentenophenanthrene, 
and its derivatives, 190. 
8-Methoxy-4-(p-methylphenacylidene)-4’-methyl- 
flavene, 257. 
8-Methoxy-4-(-methylphenacy])-4’-methylflavylium 
ferrichloride, 258. 
2-Methoxy-1-methylphenanthrene, 317. 
‘7-Methoxy-1-methylphenanthrene, 319. 
7 —_— :2:3:4-tetrahydrophenanthrene, 


1-Methoxynaphthalene, 2:4-dinitro-8-hydroxy-, and 
its acetyl derivative, 558. 
8-Methoxynaphthalene, 2:4-diamino-l-hydroxy-, 2:4- 
and 2:7-dinitro-1-hydroxy-, and their derivatives, 558. 
1-Methoxynaphthalene-2:4-dicarboxylic acid, 7-bromo-, 
and 7-chloro-, and their dianilides, 1776. 
2-Methoxy-f-naphthathiazole, 1671. 
B-(2-Methoxy-1- and -6-naphthoyl)propionic acids, and 
their esters, 320. 
y-4-Methoxy-1l-naphthylbutyric acid, 192. 
y-5-Methoxy-1-naphthylbutyric acid, 191. 
y-(6-Methoxy-l-naphthyl)butyric acid, and its ethyl 
ester, 53. 
a~( B’-4-Methoxy-1-naphthylethyl)adipic acid, 189. 
oo Eg ee alcohols, and 
bromides, 1 
9.4 thetheny-I-naghthylethgtmnalonte acid, 192. 
§-5-Methoxy-1-naphthylethylmalonic acid, 191. 
B-(6-Methoxy-1-naphthyl)ethylmalonic acid, 53. 
2-( B-4-Methoxy-1-naphthylethyl)cyclopentanone-2- 
carboxylic acid, ethyl ester, 189. 
B-4'-Methoxy-1’-naphthylethylcyclopentene, 189. 
y~(2-Methoxy-6-naphthy]l)-4*-pentenoic acid, 321. 
y-(2-Methoxy-6-naphthyl)-n-valeric acid, 321. 
1-Methoxy-3-nitroaryl-4-methylene-3:4-dihydrophthal- 
azines, constitution and reactions of, 1704. 
1-Methoxy-3-(4’-nitrophenyl)-4-( benzeneazomethy])- 
phthalazinium perchlorate, 1712. 
1-Methoxy-3-nitrophenyl-4-p-dimethylaminostyryl- 
phthalazinium perchlorates, 1710. 
1-Methoxy-3-p-nitropheny]-4-(5’-keto-1’-phenyl-3'- 
methylpyrazolinylidene-ethylidene)-3:4-dihydro- 
phthalazine, 1711. 
1-Methoxy-3-nitrophenyl-4-methylphthalazinium per- 
chlorates, 1709. 
1-Methoxy-3-nitrophenyl-4-(4’’-nitrebenzeneazo- 
methy]l)phthalazinium perchlorates, 1712. 
1-Methoxy-3-nitrophenyl-4-(2”:4’’-dinitrobenzylidene)- 
3:4-dihydrophthalazines, 1712. 
1-Methoxy-3-nitropheny!-4-(8-phenylethyl)phthalazin- 
ium iodides, 1710. 
Mere aereercen perchlorates, 


7-Methoxyoctahydrophenanthr-1l-ol-a, 750. ; 
$-Methoxy-1:2-cyclopentenophenanthrene, and its 


derivatives, 191. 


their 
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9-Methoxy-1:2-cyclopentenophenanthrene, and _ its 
derivatives, 190. 

8-Methoxy-4-phenacylflavene, 257. 

8-Methoxy-4-phenacylflavylium ferrichloride, 257. 

8-Methoxy-4-phenacylideneflavene, 257. 

1-Methoxyphenanthrene-2:4-dicarboxylic acid, 1776. 

7-Methoxyphenanthrene-1:2-dicarboxylic anhydride, 

53. 


Methoxyphenoxyacetic-2-acetic acids, 421. 
a-3-Methoxyphenoxypropionic acid, and its amide, 
1835 


Methoxy-1-phenyl-3:4-dihydronaphthalenes, 587. 
B-m-Methoxyphenylethyl bromide, 51. 
7-Methoxy-3-phenyl-2-ethylchromone, 299. 
7-Methoxy-3-phenyl-4-ethylcoumarin, 298. 
7-Methoxy-4-phenyl-3’-methylbenzo-8-naphthaspiro- 
pyran, 1382. 
SS aie 
ene, 588. 
4’-Methoxy-1-phenyl-2-methylnaphthalene, 588. 
4’-Methoxy-1-phenylnaphthalene, nitro-, 587. 
Methoxy-1-phenylnaphthalenes, 587. 
a Sen and 3’-chloro-, 
1860. 
3-Methoxysalicylidenediacetophenone, 256. 
3-Methoxysalicylidenedi-(p-methoxyacetophenone), 257. 
3-Methoxysalicylidenedi-(p-methylacetophenone), 257. 
Methoxytetralone, condensation of, with acetylcyclo- 
hexene and acetylcyclopentene, 757. 
2-Methoxy-a:8:3:5-tetramethylcinnamic acid, 215. 
y-Methoxy-aa8f-tetramethylglutaric acid, y-hydroxy-, 
lactone, 2 /4. 
2-(4’-Met} .xy-m-tolyl)cyclohexanone, and its semi- 
carbazone, 323. 
1-(4’-Methoxy-m-tolyl)-4'-cyclohexene, 323. 
1-(5’-Methoxy-o-tolyl)-2-methyl-4'-cyclohexene, 321. 
2-Methory-f:3:5-trimethylecinnamic acid, 215. 
2-Methoxy-8:3:5-trimethyl-a-ethyleinnamic acid, 216. 
6-Methoxy-2-veratrylidene-a-tetralone, 756. 
Methyl iodide, influence of solvents on reaction of, 
with pyridine, 1353. 
(—)Methyl ay-dimethylallyl ether, 583. 
3-Methylacridine, 5-chloro-1-bromo-, 1549. 
Methylalkoxyglyoximes as chelate groups, 563. 
4-Methyl-3-allyl-3:4-dihydroquinazoline, 4-nitro-, and 
its picrate, 197. 
2-O-Methylallyl-8-resorcylaldehydes, 278. 
2-O-Methylallylrespropiophenones, 277. 
Methylamine, kinetics of thermal oxidation of, 1524. 
1-Methylaminoacridine, 609. 
y-Methylamino-n-butane, 858-irichloro-8-nitro-, and 
its hydrochloride, 1531. 
1-Methylamino-5:10-dihydroacridine 
sulphonamide, 608. 
y-Methylamino-n-hexane, 35¢-trichloro-8-nitro-, hydro- 
chloride, 1531. 
f-Methylamino-n-pentane, yy5-trichloro-a-nitro-, and 
Te and phenylcarbamyl derivative, 
15 
1-Methylamino-5-phenylbenzthiazole, 1671. 
f£-Methylaminopropanal, yvy-trichloro-a-nitro-, 
phenylhydrazone, 1 
8-Methylaminopropane, 
its hydrochloride, 1530. 
2-Methylamino-5:6:7:8-tetrahydro-f-naphthathiazole, 
and its acetyl derivative, 1671. 
cis-a-Methyl-a’-n-amylglutaric acid, 1447. 
a-Methyl-a’-n-amylglutarimide, 1448. 
Methylaniline, 2-bromo-4-nitro-, 1750. 
2-Methyl-3: 4-benzphenanthrene, and its picrate, 599. 
1-Methylbenzthiazole, 507. 
1-Methylbenzthiazole, 5-bromo-, and 5-chloro-, and 
their derivatives, and cyanine dyes therefrom, 1225. 
6-Methyl-1:2:3-benztriazole, 1-hydroxy-, 118. 


p-toluene- 


yvy-trichloro-a-nitro-, and 











its 








2-(5’-Methyl-1’:2’:3’-benztriazoly])isoindolinone-3- 
acetic acid, and its derivatives, 1106. 

p-Methylbenzyl nitrate, 240. 

5-Methylbenzylmethylmalonic acid, 2-bromo-, 60. 

Methylbenzylmethylmalonic acids, 58. 

a-5-Methylbenzylpropionic acid, a-2-bromo-, 60. 

o-Methylbenzyl isopropyl ketone, and its derivatives, 
675. 

Methyl af-dibromo-8-phenylethyl ketone, 1316. 

(+)Methyl-af-dibromopropylcarbinol, 1316. 

(+)Methyl a8-dibromopropyl ketone, 1316. 

1-Methyl-2-A*’-butenylcyclohexanol, 475. 

se pammentinne. ca peeerers: dehydration of, 
476. 

a-Methyl-a’-n-butylglutaric acid, 1447. 

9-Methylcarbazole-3:6-bis-y-ketobutyric acid, and its 
ethyl ester, 1298. 

ER :6-dicarboxylic acid, ethyl] ester, 


rt 6-diphthaloylic acid, ethyl ester, 
7-Methylcholestero. 7-hydroxy-, and its derivatives, 


methet a-chloro-y-acetoxypropyl ketone, 1556. 

Methyl a-chloro-y-hydroxypropyl ketone, 1556. 

Methyl a-chloro-y-phenoxypropyi ketone, 1556. 

screenees 7-hydroxy-, and its acetate, 

1 

cis-9-Methyldecalin, synthesis of, 470. 

8-Methyl-2:2’-diethylthiacarbocyanine bromide, 5:5’- 
dibromo-, and iodide, 5:5’-dichloro-, 1230. 

oe "Op ees wranreress: 5-bromo-1-thio-, 
1 

O-Methyldihydroxanthoxyletinic acid, 632, 1830. 

4-Methyldiphenylamine-2’-carboxylic acid, 2-bromo-, 
and 4’-chloro-2-bromo-, 1165. G 

4’-Methyldiphenylsulphones, amino-, chloronitro-, 
nitro-, nitroamino-, and nitrohydroxy- and their 
derivatives, 221. 

Methylene-blue, adsorption of, at benzene—water and 
chlorobenzene—water interfaces, 119. 

7-Methylenecholesterol, and its derivatives, 1274. 

Methylene-a-cyperone, hydroxy-, and its 2:4-dinitro- 
phenylhydrazone, 671. 

a-(3:4-Methylenedioxybenzoyl)-8-(3:4-methylenedi- 
oxybenzyl)butyrolactone, 747. 

B-(3:4-Methylenedioxybenzoyl)-a-~(3’:4’-methylene- 
dioxybenzylidene)-8-methylenepropionic acid, 746. 

B-(3:4-Methylenedioxybenzoyl)-a-(3’:4’-methylene- 
ple ere emaneT acid, and its y-lactone, 


B-(3:4-Methylenedioxybenzoyl)propionic cid, pre- 
paration of, 746. 
B-(3:4-Methylenedioxybenzyl)butyrolactone, 351. 
B-(3:4-Methylenedioxybenzy1)butyrolactone-a-carb- 
oxylic acid, ethyl ester, 350. 
3:4-Methylenedioxybenzyl-a-cyanoacetic acid, methyl 
ester, 729. 
6:7-Methylenedioxy-3-methyl-3:4-uihydroquinazoline, 
4-hydroxy-, 198. 
6:7-Methylenedioxy-1-(3’:4’-methylenedioxypheny])-3- 
hydroxymethy1-3:4-dihydronaphthalene-2-carboxy- 
lactone, 747. 
6:7-Methylenedioxy-1-(3’:4’-methylenedioxypheny])- 
-* amamea sy nacrrenreran ri acids, lactones, 


6: j-Miathylenoliony-24t': 4’-methylenedioxypheny])- 
naphthalene-2:3-dicarboxylic acid, and its deriv- 
atives, 746. 

6:7-Methylenedioxy-3-methylquinazolinium iodide 
and picrate, 198. 

1:8-Methylenedioxynaphthalenes, dinitro-, 559. 

6:7-Methylenedioxy-4-nitromethy!l-3-methy]-3:4-di- 
hydroquinazoline, 199. 
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8:4-Methylenedioxyphthalide, and 6-bromo-, and 6- 
nitro-, 200. 
6:7-Methylenedioxy-1-a-picolyl-3:4-dihydroiso- 
quinoline, and its salts, 610. 
6:7-Methylenedioxy-1-a-picolyl-1:2:3:4-tetrahydroiso- 
quinoline, and its salts, 611. 
6:7-Methylenedioxy-1-a-pipecolyl-1:2:3:4-tetrahydro:so- 
quinoline, and its salts, 611. 
6:7-Methylenedioxyquinazoline, 198. 
6:7-Methylenedioxy:soquinoline picrate, 611. 
2-(3’:4’-Methylenedioxystyryl)-3-benzyl-5:8-dimethyl- 
chromone, 428. 
= 4’-Methylenedioxystyryl)-5:8-dimethylchromone, 


- rg ‘4-Methylenedioystyy)6 8-dimethylchromone, 


2-( ‘e ot’ Mlathylenstieuyetgts1)- 8-dimethyl-3-ethyl- 
chromone, 427. 
2-(3’:4’-Methylenedioxystyryl)-6:8-dimethyl-3-ethyl- 
chromone, 217. 
2-(3’:4’-Methylenedioxystyryl)-3:5:8-trimethyl- 
chromone, 427. 
2-(3’:4’-Methylenedioxystyry])-3:6:8-trimethy!- 
chromone, 216. 
6:7-Methylenedioxy-1-(3’:4’:5’-trimethoxypheny])-3- 
hydroxymethyl-3:4-dihydronaphthalene-2-carboxyilic 
acid, lactone, 351. 
6:7-Methylenedioxy-1-(3’:4’:5’-trimethoxypheny])-3- 
hydroxymethyl-1:2:3:4-tetrahydronaphthalene-2- 
carboxylic acid, 1-hydroxy-, lactone, 351. 
Methylene-d/-menthone, hydroxy-, 1599. 
Methylethoxyglyoxime, and its nickel compound, 566. 
Methylethylacetic acid, synthesis of, 362. 
cis-a-Methyl-a’-ethylglutarimide, 1446. 
Methylethyl-n-propylarsine, formation of, and its 
salts, by micro-organisms, 264. 
Methylethyl-n-propylhydroxyarsonium picrate, 266. 
4-Methy] galactose, and its derivatives, true constitu- 
tion of, 640. 
6-Methyl galactose, 640. 
6-Methyl glucosazone, 860. 
6-Methyl glucose, synthesis of, 859. 
a-Methylglutaconic acid, dimethyl ester, 486. 
Methylglyoxalphenylhydrazone-w-sulphonic acid, 
sodium salt, and its halogeno- and nitro-derivatives, 
84 


9-Methylhexahydrocarbazole, 7-amino-, and its di- 
acetyl derivative, 901. 

Methylcyclohexanes, 1-hydroxy-1l-cyano-, 416. 

cis- and trans-1-Methylcyclohexane-1-carboxylic-2- 
acetic acids, 476. 

Sere te ee acids, synthesis 
of, 

1-Methylcyclohexane-4-carboxylic acid, 2-hydroxy-2- 
cyano-, methyl ester, 1625. 

Methylcyclohexane-l-a-cyanoacetic acids, 1l-cyano-, 
ethyl esters, 418. 

cis- and trons-1-Methylcyclohexane-1:2-diacetic acids, 
475. 

Sea acid, ethyl ester, 
47 


1-Methylcyclohexane-1:2-dicarboxylic acid, 2-hydroxy-, 
2-acetyl derivative, 482. 
1-Methylcyclohexane-1:2-dicarboxylic acids, stereo- 
isomeric, synthesis of, 478. 
4-Methylcyclohexane-1 :4-spiro-2’- -hydroxy-6’-keto-5’- 
cyano-2-methylpiperidine, 572. 
Se acid, 2-cyano-, diethyl 
Ss 
Methylcyclohexanol-2-carboxylic acid, 1-cyano-, 
wcbgl ester, 482. 
2-Methylcyclohexanol-1:2-dicarboxylic acid, 482. 
thylcyciohexanones, condensation of cyanohydrins 
of, with arylamines, 1159. 
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1-Methylcyclohexan-2-one-3-carboxylic acid, 2-methyl- 
cyclohexyl ester, and its derivatives, 1142. 

1-Methylcyclohexan-2-one-4-carboxylic acid, and its 
methyl ester, 1625. 

1-Methylcyclohexan-2-one-3:4-dicarboxylic acid, ethyl 
ester, 1624. 

1-Methyl-4?-cyclohexene-1l-carboxylic acid, 2-cyano-, 
ethyl ester, 483. 

1-Methyl-4'-cyclohexene-2:4-dicarboxylic acid, 1625. 

1-Methyl-4?-cyclohexene-1:2-dicarboxylic acid, and 
its derivatives, 483. 

3-Methylcyclohexenylacetone, and its derivatives, 572. 

Methy! hexoses, 640. 

Methylcyclohexy] nitrites, 286. 

2-Methylcyclohexylidenecyanoacetic acid, ethyl ester, 
419. 

2-Methylcyclohexylidene-1-cyanoacetic-2-carboxylic 
acid, diethyl ester, 484. 

6-Methylhomophthalic acid, and its anhydride, 292. 

9-Methyl-2-hydrindanone, 476. 

4-Methyl-1-hydrindone, 2-oximino-, 292. 

3-Methyl-2-8-hydroxyethyl-1:3-dimethylcyclohexane, 
3-hydroxy-, and its diacetate, 1142. 

ee and its picrate, 


4-Methyl-5-f-hydroxyethylthiazole, 2-amino-, and its 
picrate, 1 

Methyl y-hydroxy-f-(3: 4-methylenedioxybenzyl)propyl 
ketone, 351 

Methylhypoxanthines, dissociation constants of, 1713. 

Methyl ketones, unsaturated, reactions of, with 
ethyl cyclohexanone-2-carboxylate and ethyl cyclo- 
pentanone-2-carboxylate, 1626. 

2-Methyl mannose, 640. 

4-Methyl mannose, and its derivatives, true constitu- 
tion of, 640. 

Methy!methoxyglyoxime, and its nickel compound, 
566. 

2-Methyl-1-8-4’-methoxy-1’-naphthylethylcyclo- 
pentanol, 189. 

2-Methyl-1-( 8-5’-methoxy-1’-naphthylethyl)cyclo- 
pentanol, 191. 

Methyl-2’:1’-naphtha-1:2-fluorenes, 58. 

Methyl-2’:1’-naphtha-1:2-fluorenones, 58. 

1-Methyl-2:6(1’:8’)-naphthapiperid-4-one, 
picrate, 337. 

Methyl-a-naphthylamine, 4-chloro-2-nitro-, 1502. 

3-Methyloctahydropyrrocoline, and its salts, 1430. 

cis-9-Methyloctalin, synthesis of, 470. 

5-Methyl-0:3:3-bicyclooctan-2-one semicarbazone, 621. 

Methyl-orange, adsorption of, at benzene—water 
and chlorobenzene—water interfaces, 119. 

Methyloroxylin-A, acetyl and benzoyl derivatives, 
592 


2-hydroxy-2- 


and its 


1-Methylcyclopentane-3-acetic acid, 
cyano-, methyl ester, 1624. 

4-Methylcyclopentane-1-cyanoacetic-2-acetic 
ethyl ester, 621 

4-Methylcyclopentane-1:2-diacetic acid, 621. 

3-Methylcyclopentanone cyanohydrin, condensation 
of, with aniline, 1675. 

1-Methylcyclopentan-2-one-3-acetic acid, and its deriv- 
atives, 1624. 

ay - eeetmenateteceee acid, ethyl ester, 


acid, 


Pe ES POU eae acid, 
ethyl ester, 620 

§-Sichatasigentannne®tecbuiliet-aaneatente 
acid, ethyl ester, 620. 

5-Methylcyclopentanone-2-a-propionic acid, and its 
ethyl ester, 620. 

1-Methyl-4?~cyclopentene-3-acetic acid, 2-cyano-, 1624. 

1-Methyl-4!-cyclopentene-2-carboxylic-3-acetic acid, 
1624. 
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4-Methylcyclopentylidene-1-cyanoacetic-2-acetic acid, 
ethyl ester, 621. 
2-Methylperimidine, 7:9-dibromo-, 1341. 
1-Methylphenanthrene, 2-hydroxy-, 318. 
7-hydroxy-, and its derivatives, 321. 
4-Methylphenanthrene, 318. 
(—)Methyl-8-phenylethylearbinol, and 
urethane, 88. 
C-Methylphloroglucinol 8-dimethyl ether, 1837. 
cis-a-Methyl-a’-n-propylglutarimide, 1447. 
1-Methyl-4-isopropylcyclohexan-2-one-1-8-propionic 
acid, ethyl ester, and its semicarbazone, 1139. 
Methyl isopropyl ketone phenylsemicarbazone, 736. 
4-Methyl-2-n-propylresorcinol, 279. 
2-Methyl-7-isopropyl-1:2:3:4-tetral-1l-one, 
derivatives, 674. 
3-Methylpurpurin, 3-hydroxy., 
1-Methylpyridinium salts, 691. 
2-Methylpyrimidine-5-acethydrazide, 4-hydroxy-, 1602. 
2-Methylpyrimidine-5-acetic acid, 4-hydroxy-, ethyl} 
ester, 1602. 
3-(4’-Methylpyrimidyl-5’ )-4-methyl-5-8-hydroxyethyl- 
— chloride hydrochloride, 3-6’-amino-, 
3-(4’-Methylpyrimidyl-5’)-4-methylthiazolium chlorides, 
2’:6’-diamino-, and 2’:6’-dihydroxy-, 1558. 
chloride hydrochloride, 3-6’-amino-, 1561. 
2-Methylpyrrole-5-acetic acid, ethyl ester, 607. 
2-Methylpyrrolidine-5-acetic acid, ethyl ester, and its 
derivatives, 607. 
2-Methylpyrrolidine-5-acetic-l-a-propionic acid, ethy} 
ester, 607. 
2-Methylpyrrolidine-5-acetic-1-8-propionic acid, ethy} 
ester, 1430. 
2-Methylsulphonylbenzo-9-nitroanilide, 331. 
2-Methylsulphonylbenzo-2’-nitrodiphenylamide, 331. 
9-Methyltetrahydrocarbazole, 7-nitro-, 901. 
6-Methyl-3:4:5:8-tetrahydrocoumaran-1:2-dione, 1142. 
10-Methyl-3:4:10:11-tetrahydro-2’:1’-naphtha-1:2- 
fluorene, 57. 
O-Methyltetrahydroxanthoxyletinic acid, 632, 1830. 
5-Methyl-a-tetralone, m.p. of, 294. 
4-Methylthiazole, condensation of, 
chloride, 1607. 
al - ea aeaaaaabaaianicre arene 
561. 
2-Methylthiobenzodimethylamide, 1147. 
2-Methylthiobenzodimethylthioamide, 1147. 
2-Methylthiobenzo-N S-dimethylthioamide, 1147. 
2-Methylthiobenzomethylamide, and its oxime, 1147. 
2-Methylthiobenzomethylthioamide, 1147. 
2-Methylthiobenzo-o-nitroanilide, 331. 
2-Methylthiobenzo-2’-nitrodiphenylamide, 331. 
2-Methylthio-~/-cyanine, and its platinichloride, 507. 
1-Methylthiobenzthiazole, 5-bromo-, and 5-nitro-, 
1674. 


1-Methylthiol-5-methylbenzthiazole, 1673. 

O-Methylxanthoxyletinic acid, and its methyl ester, 
631. 

O-Methylxanthyletinic acid, 1829. 

Michael reaction with acetylenic esters, 1804. 

Micro-organisms, formation of organo-metalloidal 
compounds by, 264. 

Molecular dissymmetry due to symmetrically placed 

deuterium and hy 808. 

structure and dipole moments, 402. 

Myxoxanthin, and its oxime, 1378. 

Myxoxanthophyll, 1379. 


its phenyl- 


and its 


1716. 


with picry) 
2:6-dihydroxy-, 


a-Naphthaldehyde 2:4-dinitrophenylhydrazone, 353. 
Naphthalene, structure of, 331 











cid, 


yl- 








Naphthalene, vapour pressure and solubility of solid 
solutions of B-naphthol with, 1279. 
preparation of 2:3-derivatives of, 1151. 
Naphthalene, 2:4-diamino-1:8-dihydroxy-, and di- 
nitro-1:8-dihydroxy-derivatives, and their deriv- 
atives, 558. 
4-bromo-]-iodo-, 2:4-dibromo-1-iodo-8-nitro-, 1:2:4- 
tribromo-8-nitro-, 1-chloro-4-bromo-8-nitro-, 1- 
chloro-2:4-dibromo-, and 1-chloro-2:4-dibromo-8- 
nitro-, 1339. 
chloro-derivatives, electric moments of, 393. 
1-chloro-8-fluoro-, and 1-chloro-8-iodo-, 334. 
1-chloro-4-iodo-, and 1:4-dichloro-2-nitro-, 1502. 
3-chloro-2-nitro-, 1153. 
dicyano-derivatives, preparation of, 1739. 
1:8-dihydroxy-, nitration of, 556. 
2:3-dinitro-1:4-dihydroxy-, 1152. 
Naphthalene series, syntheses in, 1775. 
1-Naphthaleneazo-f-naphthol, 4:8-dinitro-, 1339. 
eee condensation reactions 
of, 336. 
Naphthalenedicarboxylic acids, and their esters, 1739. 
Naphthalenesulphonic acids, cyano-, salts, 1741. 
1:2-Naphthalocyanine, and its metallic salts, 1746. 
1:2-Naphthalocyanine, chloro-, metallic salts, 1747. 
1:2-Naphthalocyanines, 1744. 
ae ees addition of, to cyclopentadiene, 


-Naphthaquinone a-phenylhydrazone, parachor, sur- 
face tension, and density of, 38. 

Naphthaquinones, reduction potentials of, 1457. 

8-Naphthathiazole derivatives, unsaturation and 
tautomerism of, 1668. 

_B-Naphthathiazole, 2-amino-, 4-bromo-2-amino-, 2- 
chloro-, and 2-hydroxy-, and their derivatives, 
1669. 

.a-Naphthoic acid, 8-chloro-, methyl ester and nitrile, 


$-Naphthol, vapour pressure and solubility of solid 
solutions of naphthalene with, 1279. 
1-Naphthol-2:4-dicarboxylic acid, 7-bromo-, and 7- 
chloro-, and their ethyl esters, 1776. 
f-Naphthol-l-sulphonic acid, reaction of diazosul- 
phonates from, 1098, 1704. 
a-Naphthylamine, 3-bromo- and 3-chloro-2-nitro-, 
1153. 
5:7:8-tribromo-, 4-bromo-8-nitro-, 2:4-dibromo-8- 
nitro-, 8-chloro-5:7-dibromo-, and 4:8-dinitro-, 
and their derivatives, 1339. 
4-chloro-2-nitro-, 1502. 
‘8-nitro-, preparation of, and its derivatives, 1844. 
reactions of, and its derivatives, 1338. 
a- and f-Naphthylamine hydrochlorides, action of 
methyl alcohol on, 1783. 
a- and f-Naphthylamines, additive compounds of, 
with m-dinitrobenzene, 1576. 
Naphthylamines, halogeno-, elimination of halogen in 
nitration of, 1762. 
§8-Naphthylaminomethylene-d/-menthone, 1600. 
1:2-Naphthylenediamine, 3-chloro-, and its dihydro- 
chloride, 1764. 
1:4-Naphthylenediamine, 2-mono- and 2:3-di-nitro-, 
1152. 


1:8-Naphthylenediamine, 2:4-dibromo-, 1341. 

3-(8-1’-Naphthylethyl)-2:4-dimethylindene, 7-bromo-, 
and its dipicrate, 60. 

3-( 8-1’-Naphthylethy])dimethylindenes, 58. 

3-(8-1’-Naphthylethyl)-2-methylindene, and its di- 
picrate, 57. 

a-1-Naphthylglutaconic acid, 1777. 

2-(1’-Naphthyl)cyclohexanol, and its derivatives, 76. 

Naphthyliminobenzylurethanes, 432. 

1-(1’-Naphthy])-2-methyl-4'-cyclohexene, 1434. 

«-1-Naphthylisopropyl alcohol, and its derivatives, 61. 
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a-Naphthylthioncarbamic acid, methyl ester, 1670. 
a-Naphthylthiourea, 4-bromo-, 1669. 
Netoric acid, and hydroxy-, ethyl ester, 213. 
Nickel, evaporation of, in a vacuum, 1517. 
electrically-heated, disappearance of carbon mon- 
oxide in presence of, 1513. 
Nickel compounds, complex, 1300. 
uadricovalent, configuration of, 129. 
Nickel chloride, formation and solution of, in non- 
aqueous liquids, 1300. 
pyrophosphates, 1422. 
Nickel organic compounds :— 
Nickel bismethylethylglyoxime, 132. 
—— parachor of, 1284. 
Nitriles, effect of solvent and temperature on dipole 
moments of, 1184. 
unsaturated, rates of isomerisation and of hydrogen 
isotope exchange in, 1328. 
polyNitro-compounds, dipole moments of, 862. 
formation of complexes of, with aromatic hydro- 
carbons, 1463. 
Nitrogen dioxide (nitric oxide), reactions of, with 
deuterium and with hydrogen, 378. 
detection of reaction chains by means of, 812. 
trioxide, equilibrium of, with water, 1. 
per- or tetr-oxide, equilibrium of, with water, 6, 10. 
pentoxide, combustion of mixtures of, with ozone, 
1409. 
oxides, properties of, 1, 6, 10, 1409. 
Nitrous acid as nitrating and oxidising agent, 1500. 
Nitro-paraffins, condensation of, with halogeno- 
aldehydes, 1294. 
Nitrophenols, dipole moments of, 1049. 
Nitrosy! ch!oride, action of, on n-hexane in light, 1005. 
Nomenclature, chemical, 1067. 
Non-electrolytes, solubility of, 1171. 
cis« and trans-dl-Norcaryophyllenic acids, synthesis of, 
593. 
alloNorcholanic acid, 3-chloro-, and its methyl ester, 
737. 


O. 


Obituary Notices :— 
Harry Baker, 539. 
Harry Bowes, 169. 
Samuel Henry Clifford Briggs, 169. 
Kendall Colin Browning, 540. 
William Frederic Butcher, 541. 
Alfred Foster Cholerton, 1091. 
Harold Ward Dudley, 541. 
Charles Richmond Featherstone, 546. 
George Aleck Crocker Gough, 547. 
Max Henius, 548. 
Samuel Cox Hooper, 550. 
William Holdsworth Hurtley, 1572. 
Alfred Battye Knaggs, 1091. 
Theophilus Henry Lee, 1092. 
Arthur Dehon Little, 171. 
Harry Livsey, 1572. 
Alfred E. Macintyre, 1573. 
William Ernest Martin, 1575. 
Thomas Henry Pope, 1092. 
Charles Edward Potter, 1093. 
Francis Ransom, 548. 
Frank Scudder, 1094. 
William Stevenson, 1094. 
Philip Lewington Whitehouse, 1095. 


William Charles Young, 549. 
4*-Octadecenoic acid, 4°-octadecenyl ester. See 
Oleic acid, oleyl ester. 
Octahydrophenanthrene, 9-hydroxy-, 77. 
Octahydrophenazines, 1698. 
isomeric, and their dinitroso-derivatives, 258. 


1892 


0:3:3-bicycloOctane ring, eee of, 611. 
cis-0:3:3-bicycloOctan-2-ol, 6 

B-Octyl alcohol, rotation of, io ‘various solvents, 1007. 
strone methy! ether, formyl derivative, 1851. 
Olefins, action of carbon monoxide and steam on, 


364. 
addition of hydrogen chloride and hydrogen iodide 
to, 1605. 
complex compounds of, with metallic salts, 1042. 
Oleic acid, oleyl ester, hydrogenation of, 664. 
Optical activity and tautomerism, 623. 
inversion, Walden’s, and aliphatic substitution, 
1173. 
Optically active compounds, influence of solvents and 
other factors on rotation of, 1007. 
Orange-II, adsorption of, at benzene-water and 
chlorobenzene—water interfaces, 119. 
——- compounds, dipole moment and structure 
of, 393. 
thermal analysis and refractivities of binary 
systems of, 789. 
determination of m.p. of, 137. 
apparatus for microhydrogenation of, 895. 
electrolytic reduction of, 202, 574, 810. 
exchange reactions of heavy water with, 1811. 
containing artificial radio-elements, 390. 
- -chain, m.p. of, 1368. 
olecular, 1108, 1114. 
Organo-metalloidal compounds, formation of, by 
micro-organisms, 264. 
Oroxylin-A, constitution of, and its derivatives, 591. 
Orozylum indicum, yellow colouring matter from, 
591. 
Orthoformic acid, ethyl ester, acid hydrolysis of, 
1363. 
Osazones, structure of, 1770. 
Oscillatoria rubrescens, carotenoid pigments of, 1376. 
Ostreastanol, identity of, with fucostanol, sitostanol, 
and stigmastanol, 738. 
Oxalatobis( butylphosphine)--dichloropelladium, 885. 
Oxalatobis( butylphosphine)--dinitritodipalladium, 886. 
Oxalatodipyridylpalladium, 885. 
Oxalic acid dihydrate, X-ray structure of, 1817. 
salts, solubilities of, and their complexes, 1489. 
silver salt, thermal decomposition of, 832, 839. 
sodium and thorium salts, solubility of mixtures 
of, in water, 1494. 
Oxalylmethylmalonic acid, ethyl ester, 
hydrazine derivatives, 1809. 
Oxidation, electrolytic. See under Electrolytic. 
Oxide, C,,H,,0, from methyl diphenate, 1116. 
oe cyclic, molecular compounds of, with phenols, 
4 
ofan acid, ethyl ester, synthesis of, 
566. 


phenyl- 


Oxonitin, 80. 

Oxonium salts, dipole moments of, 398. 
p-Oxyarsinoazelanilic acid, 903. 
p-Oxyarsinosebacanilic acid, 904. 

—— adsorption of, by diamond and graphite, 


Oxylanostanetriol, 1566. 

dl-Oxysparteine, synthesis of, 1025. 

Ozone, combustion: of mixtures of, with nitrogen 
pentoxide, 1409. 


P. 


Palladium organic compounds, tautomeric, 873. 
Palmitic acid, f.p. of mixtures of, with margaric acid, 
627. 


Papaverinol methochloride, 732. 
Parachor of metallic carbonyls, 1283. 
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action of 


Paraffins, ‘richloronitrohydroxy-, 
amines on, 1530. 
Paraldehyde, dipole moment of, in various solvents, 
496. 


esters, 


depolymerisation of, 1792. 
Paramagnetism as test for free radicals, 440. 
Pedler Lecture, 1079. 

Penicillium  brevicaule, production of 

metalloidal compounds by, 264. 
2:4:4:5:5-Pentacarboxycyclopentane-l-acetic acid, 3- 

hydroxy-, esters, 150. 

Pentadecoin, 1634. 
Pentadeuterobenzophenone, and its oxime, 808. 
a-Pentadeuterophenylbenzylamine, resolution of, and 

its salts, 808. 
cycloPentadiene, addition of acraldehyde, benzo- 

quinone, and a-naphthaquinone to, 1029. 

molecular forces between benzoquinone and, 432. 
cycloPentamethylenemonobromogoeld, 327. 

Pentane, yy5-trichloro-a-nitro-B-amino-, and its deriv- 

atives, 357. 
cycloPentanone-2-carboxylic acid, ethyl ester, reactions 

of, with unsaturated methyl ketones, 1626. 
1-cycloPentylhydrindene, 80. 

Perhydrophenazines, 1698. 

Permanganates. See under M 
l-a-Phellandrene, correlation of, with 1-4-isopropyl-A?- 
cyclohexen-l-one, 1595. 

catalytic dehydrogenation of, and of /-piperitone, 
Phellandrenes, 1595, 1781. 

Phenanthrene, hydroxy- and methoxy-derivatives of, 
187. 

9-hydroxy-, 322. 

= series, syntheses in, 317, 


‘.Shennnthest-Qit-dieasbenstia acid, 1776. 
Phenazine series, 258, 1698. 
Phenol, exchange reaction of deuterium oxide ‘with, 


-bromo- and -chloro-, dissociation 
, 1713. 

o- and p-chloro-, thermal analysis and refractivity 
of binary systems of, with p-dichlorobenzene, 
pyridine, and p-toluidine, 791. 
pyrolysis of, 1244. 

o-nitro-, dipole moment of, 910. 

Phenols, molecular compounds of, with cyclic oxides, 
1114. 

o-nitrophenylsulphenates of, 327. 

Phenols, substituted, parachor, surface tension, and 
density of, 36. 
3-halogeno-4-nitro-, preparation of, 1677. 
— ethers, parachor, surface tension, and density 
of, 36. 
kinetics of acid nag of, 1341. 
halogenation of, 1231, 1854 
Phenoxyacetic-2-acetic acid, ethyl ester, 426. 
5-Phenoxyacridine, 3-chloro-, 1164. 

1:3-dichloro-, 1549. 

a-2-Phenoxyethylacetoacetic 

ethyl esters, 1556. 

5-Phenoxy-3-methoxyacridine, 1547. 
5-Phenoxy-3-methylacridine, 1-bromo-, 1549. 
p-Phenoxyphenylarsonic acid, 1238. 
p-Phenoxyphenyldichloroarsine, 1238. 

o- and p-Phenoxyphenyldimethylarsines, and their 

derivatives, 1239. 

p-Phenoxyphenyltrimethylarsonium iodide, 1239. 

Phenyl selenocyanate, nitration of, 1609. 

Phenylacetic acid, iodo-derivatives, dissociation 
constants of, 645. 

m-iodo-, 646. 

Phenylacetylcyclopentane semicarbazone, 75. 


organo- 


319, 322, 


acid, and a-chloro-, 











of 


nts, 


no- 


nd 








Phenyl alkyl ketones, acid-catalysed prototropy of, 
785 


B-p-Phenylaminoanilinocrotonic acid, ethyl ester, 858. 
2-Phenylaminoisoindolinone-3-acetic acid, 2-2’-amino-, 
lactam, and its picrate, 1106. 
B-Phenyl-a-isoamylpropionamide, B-hydroxy-, 1481. 
Phenylarsinic acid, p-amino-, derivatives of, 902. 
22-Phenylbehenic acid, and its ethyl ester, 281. 
4-Phenylbenzo-8-naphthaspiropyrans, coloured solu- 
tions of, 1380. 
- ;- ‘mene perchlorate, dipole moment 
of, 4 
5-Phenylbenzthiazole derivatives, unsaturation and 
tautomerism of, 1668. 
5-Phenylbenzthiazole, l-amino-, 1671. 
5-Phenyl-5-(4’-bromopheny])hydantoin, 94. 
a-Phenylbutyl alcohol, 8-amino-, 1481. 
B-Phenyl-a~isobutylpropionamide, 8-hydroxy-, 1481. 
f-Phenylearbamylethylaminopropane, yyy-trichloro-a- 
nitro-, 1530. 
8-Phenylcarbamylmethylaminopropane, yyy-irichloro- 
a-nitro-, 1530. 
1-Phenyl-2-chloromethyl-1: 2:3:4-tetrahydronaphthal- 
ene, 598. 
Phenyl-4-chlorophenylacetylenediureide, 94. 
5-Phenyl-5-(4’-chlorophenyl)hydantoin, 94. 
10-Phenyldecoic acid, and its derivatives, 282. 
8-Phenyl-2:2’-diethylthiacarbocyanine iodide, 5:5’-di- 
bromo- and -dichloro-, 1230. 
4-Phenyl-6:8-dimethylcoumarin, 216. 
4-Phenyl-3:3’-dimethyl-a8-dinaphthaspiropyran, 1382. 
4-Phenyl-2:6-dimethylheptane-2:6-diol, 1116. 
3-Phenyl-2:5-dimethylhexane-2:5-diol, 1116. 
3-Phenyl-4:4’-dimethylphthalaz-l-one, 4’-nitro-, 1108. 
4-Phenyl-af-dinaphthaspiropyrans, 1380. 
Phenyl-4-diphenylylacetyldiureide, 94. 
5-Phenyl-5-(4’-diphenylyl)hydantoin, 94. 
p-Phenylenediamine, 2:6-dinitro-, preparation of, 
1570. 
ee alcohol, 8-4-bromo-, and its phenyl- 
urethane, 184, 
d-a-Phenylethyl bromide, rate of racemisation of, 
1174. 


as-Phenylethylbenzoylurea, 1274. 

v-Phenylethylidenehydrazinecarboxylic acid, isoamyl 
ester, 1050. 

as-Phenylethyl-p-nitrobenzoylurea, 1274. 

as-Phenylethylurea, benzoylation of, 1273. 

a-Phenylglutaconic acid, a-p-chloro-, 1776. 

B-Phenylglycerol ay-diethyl ether, 1367. 

6-Phenylgranatan-3-one. See Phenyl-y-pelletierine. 

2-Phenylcyclohexanol 3:5-dinitrobenzoate, 75. 

a aeeneeeemeemetenens acid, and its ethyl ester, 

2-Phenyl-4'-cyclohexenylacetic acid, and its ethyl 
ester, 76. 

2-Phenylcyclohexylacetic acid, and its derivatives, 77. 

y-Phenylhydrazino-n-butane,  585-trichloro-f-nitro-, 
1532. 

B-Phenylhydrazinopentane, yy5-trichloro-a-nitro-, and 
its acetyl derivatives, 358. 

B-Phenylhydrazino-c-phenylpropane, yyy-trichloro-a- 
nitro-, 1532. 

p-Phenylhydrazinopropane, yyy-trichloro-a-nitro-, and 
its derivatives, 

Phenyliminobenzylearbamic acid, methyl] ester, 432. 

(Phenyliminobenzyl)malonic acid, o- and p-chloro- 
and p-nitro-, ethyl esters, 430. 

(Phenyliminobenzyl)malonodi-p-toluidide, 429. 

2-Phenylimino-1-methyl-1:2-dihydro-8-naphtha- 
thiazole picrate, 1670. 

8-(Phenyliminobenzyl)naphthylureas, 432. 

+ Sane and its hydrochloride, 
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al ~~ \Sagperaaterprepmmemmasersser acid, ethyl ester, 


1-Phenylimino-2-methylbenzthiazoline, 507. 

Cae palbaene acid, ethyl ester, 

Pheny] ketones, 2:3-dihydroxy-, properties of, 346. 

1-Phenyl-3:4-( 7’-methoxyhexahydrophenanthreno- 
1’:2’)pyrazole, 5-hydroxy-, 752. 

— alcohol, and its derivatives, 


(+) and (—)y-Phenyl-a-methylallyl alcohols, and 
their derivatives, 85. 

2-Phenylmethylamino-8-naphthathiazole, and its 
picrate, 1670. 

4-Pheny]-3’-methylbenzo-8-naphthaspiropyran, 1381. 

2-Phenyl-3-methylbenzopyrylium perchlorate, dipole 
moment of, 399. 

e+ - (yeaa career romarmenen atti l-imino-, 


4-Phenyl-3’-methyl-af-dinaphthaspiropyran, 1382. 
B-Phenyl-a-methyl-y-ethylglutaconic acid, 1806. 
Phenylmethylnitrosoamine, 2-bromo-4-nitro-, 1749. 
3-Phenyl-4’-methylphthalaz-1-one, 2’-nitro-, 1107. 
3-Phenyl-1-methylphthalaz-4-ones, amino-, and nitro-, 
and their derivatives, 314. 
2-Phenylmethylquinoline-3-carboxylic acids, 4- 
hydroxy-, 430. 
1-Phenyl-2-methy]-1:2:3:4-tetrahydronaphthalene, 598. 
Phenylnaphthaisodiazines, hydroxy-, 432 
1-Phenylnaphthalene, 6:7-dihydroxy-, 588. 
1-Phenylnaphthalenes, synthesis of, 587. 
ee a-bromo-, 998. 
B-hydroxy-, 99: 
vhataiiniantnann, and p-bromo-, dipole moments 
of, in benzene, 1327. 
1-Phenyl-4-(2’:4’-dinitropheny])-3-methyl-5-pyrazol- 
one, 1713. 
Phenyl-/-pelletierine, and its 2:4-dipiperonylidene 
derivative, 287. 
15-Phenylpentadecoic acid, 281. 
10-Phenylphenoxarsine-2-carboxylic acid, resolution 
of, and its phenylethylamine salts, 730. 
10-Phenylphenoxarsine-10-oxide-2-carborylic acid, 


Phenyl Mor ll egg pre ketone, 993, 998. 
3-Phenylphthalaz-4-ones, 2’-amino-, and 2’-nitro-, 
and their derivatives, S12. 
a-Phenylpropane, yyy-trichloro-a-nitro-B-hydroxy-, 
and its acetyl derivative, 1294. 
8-Phenylpropionic acid, p-bromo-, methyl ester, 406. 
Phenyl-n-propylearbinol, resolution of, 128. 
2-Phenylquinazolines, 4-hydroxy-, synthesis of, 431. 
2-Phenylquinoline-3-carboxylic acid, chloro-4- 
hydroxy-, 4-hydroxy-2-o-chloro-, and -2-p-nitro-, 
and 6-nitro-4’-hydroxy-, and their ethyl esters, 


429. 

4-hydroxy-, p-toluidide, 429. 
Phenylsulphenic acid, o-nitro-, phenyl esters of, 327. 
Phenylsulphonylacetanilide, 2-nitro-, 330. 
Phenylsulphonylaceto-m-nitroanilide, 2-nitro-, 330. 
2-Phenylsulphonyl-5-m-nitrophenylsulphonylbenzene, 

l1-nitro-, 221. 
B-Phenylsulphonylpropionanilide, 8-2-nitro-, 330. 
Phenylsulphonyl-p-tolylsulphonylbenzenes, nitro-, 221. 
1-Phenyl-1:2:3:4-tetrahydro-2-naphthoic acid, and its 

ethyl ester, 597. 
1-Pheny]-1:2:3:4-tetrahydronaphthyl-2-acetic acid, 598. 
1-Phenyl-1:2:3:4-tetrahydro-2-naphthylcarbinol, 598. 
3-Phenyl-2:2:5:5-tetramethyltetrahydrofuran, 1116. 
4-Phenyl-2:2:6:6-tetramethyltetrahydropyran, 1116. 
Phenylthioacetamide, 2-nitro-, 330. 
Phenylthioacetanilide, 2-nitro-, 330. 
Phenylthioaceto-m-nitroanilide, 2-nitro-, 330. 
2-Phenylthiobenzamide, 2-0-nitro-, 330. 


<a 
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2-Phenylthiobenzanilide, 2-0-nitro-, 331. 
1-Phenylthiocarbamylimino-2-methylbenzthiazoline, 
507 


£-Phenylthiopropionic acid, f-2-nitro-, and its anilide, 
330. 


Phenyl-p-tolylacetylenediureide, 95. 
5-Phenyl-5-p-tolylhydantoin, 95. 
Phenyl p-tolyl ketoxime picry] ethers, 451. 
Phenyl-o-4-xylylacetylenediureide, 94. 
5-Phenyl-5-4’-xylylhydantoins, 94. 
Phlioroglucinol methyl ether 
631. 
Phosphorus :— 
Phosphates, 1412. 
Pyrophosphates, and their hydrates, 1413. 
Phosphoryl chloride, dipole moment of, 158. 
as condensing agent, 426. 
Photochemical processes, primary, 1580. 
free radicals and atoms in, 253, 1777. 
Phrenosinic acid. See Cerebronic acid. 
Phthalic acid, ay-dimethylallyl esters, optically active 
isomeric, 582. 
isoPhthalic acid, 5-nitro-, and its derivatives, 1111. 
Phthalideacetic acid, 1104. 
Phthalimide, dipole moment of, 47. 
y-Phthalimidobutaldehyde, and its 2:4-dinitrophenyl- 
hydrazone, 352. 
y-Phthalimidobutyric acid, and its amide and nitrile, 
353. 


di-p-nitrobenzoate, 


Phthalocyanine, metallic derivatives of, 1719. 

Phthalocyanine, chloro-, metallic salts, 1729. 

Phthalocyanines, 1719, 1744. 
X-ray structure of, 1195. 
metallic salts, stereochemistry of, 1736. 

Phthalo-a-naphthylimide. and its chloro- and nitro- 
derivatives, 1845. 

Phthalonaphthylimides, nitration of, 1844. 

Picolinic acid, metallic salts, 779. 

a-Picolylisoquinolines, synthesis of, 610. 

Picric acid, chromic salt, 861. 

Picrotone, 288. 

Picrotonol, 288. 

Picrotoxin, 288. 

Picrotoxinin, 291. 

Picryl chloride, condensation of, with 4-methyl- 
thiazole and benzthiazole, 1607. 

2-Picryl-1:2-dihydrobenzthiazole, 1-hydroxy-, 1608. 

t-te exec: 2-hydroxy-, 
1608. 

Piperidine, salts of, with lower fatty acids, and their 
properties, 1346. 

Piperidine-2-acetic-1-8-propionic acid, methyl ester, 
1430. 

Piperidinodiphenylsulphones, chloronitro-, and nitro-, 
219. 


8-Piperidinoethyldibutylearbinol, 402. 

4-Piperidino-4’-methyldiphenylsulphone, 3-nitro-, and 
3:3’-dinitro-, 220. 

8-Piperidinotriethylcarbinol, 402. 

Piperitone, 1598. 

1-Piperitone, catalytic hydrogenation of, and of 
l-a-phellandrene, 1781. 

Piperonoylhydrazine, 584. 

Piperonylidenediformamide, 6-nitro-, 198. 

Piperonylidenehydrazinecarboxylic acid, isoamy] ester, 
1050. 


Pivalic acid, synthesis of, 362. 

Platinum, velocity of adsorption by, of deuterium and 
of hydrogen, 1542. 

Podocarpus spicatus, resinol from, 724. 

Polarimetry, low-temperature, apparatus for, 180. 


Polarisation, dielectric, 45, 47, 158, 1175, 1178, 1182, 
1184. 
Pomegranate seeds, triene acid from, 1809. 
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Potassium auribromide dihydrate and aurichloride, 
1636. 
azide, thermal decomposition of, 657. 
hydroxide, additive compounds of, with carbo- 
hydrates, 1765. 
permanganate, oxidation of cyclic compounds by, 
368. 


Potassium organic compounds :— 

Potassium cuprocyanide, 778. 
indenetrichloroplatinite, 1047. 
styrenetrichloroplatinite, 1048. 

Potassium determination :— 
determination of, in insoluble silicates, 1390. 
Potatoes, sprouting, solanidine in, 1299. 
a influence of hydrogen on decomposition 
of, 818. 

thermal decomposition of, 812. 

Propane, s-pentachloro-, preparation of, 782. 

Byyy-tetrachloro-a-nitro-, reactions of, with pheny]l- 
hydrazine, p-toluidine, and ammonia, 800. 

ee and its derivatives, 
356. 

yvy-trichloro-a-nitro-B-hydroxy-, B-p-nitrobenzoyl 
derivative, 1531. 

Propanal, yyy-trichloro-a-nitro-8-hydroxy-, p-chloro- 

phenylhydrazone, 1694. 

Propionic acid, synthesis of, 358. i 
Propionic acid, f-chloro-, ethyl ester, 

reactions with, 401. 

Propionitrile, polarisation and moment of, in various 

solvents, 1193. 

eT eee 


Grignard 


oxime, 


se gee: e, a-bromo-, dissociation constants 

of, 1713. 

4-Propoxyacetophenone, 2-hydroxy-4-y-chloro-B- 

hydroxy-, and 2-hydroxy-4-By-dihydroxy-, and its 
derivatives, 590. 

4-isoPropoxyanisole, and its nitro-derivatives, 1150. 

n-Propyl, free, 253. 

isoPropyl, free, from diisopropyl ketone, 1777. 

isoPropyl bromide, hydrolysis of, 225. 

a-isoPropylglutaric acid, a-bromo-, ethyl ester, 596. 

|~4-isoPropyl-4?-cyclohexen-1-ol, 1597. 

1-4-isoPropyl-4?-cyclohexen-1l-one, and its 2:4-dinitro- 

phenylhydrazone, 1596. 
1~4-isoPropyl-4?-cyclohexenyl mono- 
benzoates, 1597. 
tsoPropylidene-2-methyl y-methylglucosides, 186. 
1-isoPropylcyclopropane-1:2-dicarboxylic acid, and its 
ethyl ester, 828, 830. 
cis- and trans-dl-1-isoPropylcyclopropane-1:2-dicarb- 
oxylic acids, synthesis of, and their derivatives, 
828, 830. 

1-Propylpyridinium salts, 691. 

3-n-Propyl-8-resorcylaldehyde, 279. 

3-n-Propylrespropiophenone, 277. 

7-isoPropyl-1:2:3:4-tetral-1-one 

hydrazone, 676. 
Prototropy in relation to hydrogen isotope exchange, 
1550. 

Psylla buzi, wax of, 1241. 

Punicic acid, 1810. 

Purine nucleosides, constitution of, 765. 

Pyridine, thermal analysis and refractivity of 
mixtures of, with chlorobenzene, and with p- 
chlorophenol 791. 

action ob with alkyl chlorosulphinates in ethereal 
solution, 688. 
influence of solvents on reaction of, with methyl 
iodide, 1353. 
reaction of, with o-nitrobenzyl bromide, 399. 
Pyridinium chloride, compound of, with tetraphenyl- 
glycol, 1571. 


and_ di-nitro- 


2:4-dinitrophenyl- 














l- 


3, 








Pyridyl-2-aceto-3’:4’-methylenedioxy-f-phenylethyl- 
amide, 610. 

s-2-Pyridyl-5-acridylethene dimethiodide, 1486. 

s-(2-Pyridyl ethiodide)-5-acridylethene, 1486. 

= ethiodide)-(5-acridyl methiodide)ethene, 


s-(2-Pyridyl methiodide)-5-acridylethene, and _ its 
hydrochloride, 1486. 

3-Pyrimidylthiazolium salts, synthesis of, 1559. 

Pyrone series, 295. 

Pyrophosphates. See under Phosphorus. 

Pyrosulphates. See under Sulphur. 


Q. 


Quinazoline derivatives, 196. 

Quinol, 2-nitro, allyl and diallyl ethers, 281. 

Quinoline, additive compound of, with iodoform, 1577. 

s-2-Quinolyl-5-acridylethene dimetho-salts, 1486. 

—_ ethiodide)-(5-acridyl methiodide)ethene, 
1487. 

s-(2-Quinolyl methiodide)-5-acridylethene, and _ its 
hydrochloride, 1486. 


Radicals, free, a ere as test for, 440. 
in primary photochemical processes, 253, 1777. 
Radioactive elements, artificial, electric field con- 
centration of, 384. 
production of organic compounds containing, 
390. 


Radioactivity and atomic theory, 508. 
Reactions, aromatic side-chain, in relation to polar 
effects of substituents, 236, 1448. 
bimolecular, in solution, 371. 
and in the gaseous state, kinetics of, 1028. 

chain, detection of, with nitric oxide, 812. 
migration, in polycyclic systems, 802. 
unimolecular chain, influence of hydrogen on, 818. 

Report of the Council, 519. 

Lae angers Lhe ethers, 589. 

Resins, natural phenolic, constituents of, 348, 725, 
745, 998. 

Resinols, surface films of, 1585. 

Resorcinol di-p-nitrobenzoate, 1830. 

Resorcinol, 4-nitro-, and its 1-O-allyl ether, 280. 

Resorcylmethyleneformamidine hydrochloride, 185. 

N-Rhamnosidoglyoxaline, 506. 

Rotation of optically-active compounds, influence of 
solvents and other factors on, 1007. 

Rotenone, synthesis of, and its derivatives, 212, 

419, 1832. 

analogues of, 423. 

Ruberythric acid, 1701. 

Rubiadin primveroside, 1714. 


Ruthenium bases :— 
Bromotetramminohydroxoruthenium bromide 
hydrate, 43. 
Chloronitratotetramminoruthenium nitrate tetra- 
hydrate, 43. 


Chlorotetramminohydroxoruthenium salts, 43. 
a ieeiemenmaedti bromide hydrate, 


Solehensitieiiat i ati chloride dihydrate, 
43. 


Di-iodotetramminoruthenium iodide, 44. 
Iodotetramminohydroxoruthenium iodide, 44. 

Ruthenium compounds, co-ordination bivalent, 
optical activity of, 173. 

Ruthenium trichloride, preparation of, and its 
compound with ammonia, 43. 

“ Ruthenium red,”’ constitution of, 41. 


6F 
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Ss. 
=~ mene condensation of, with deoxybenzoin, 


Salicylic acid, condensation of, with chloral, 554. 

Salicylidenedeoxybenzoin, 807. 

Salts, catalytic oxidation of, with charcoal, 1688. 

Santalum lanceolatum, lanceol from oil of, 1619. 

Sapogenins, 1399. 

Sarsaparilla root, ~eaes of, 1399. 

Sarsasapogenins, an eir derivatives, 1402. 

wae mide-p-arsonic acid, and its sodium salt, 

Sebacanilic acid, and its methyl ester, 905. 

Sebacanilide-p-arsonic acid, and its sodium salt, 904. 

ee acid, and its sodium salt, 

Sebacanilodimethylamide-p-arsonic acid, and _ its 
sodium salt, 904. 

Sebacanilomethylamide-p-arsonic acid, and its sodium 
salt, 904. 

Sebacic acid, esters, acid chlorides of, 904. 

— dioxide, action of, on sterols and bile acids, 

Semicarbazones, reaction of, with alcohols, 1050. 

Senecic acid, oxidation of, 745. 

Senecio, alkaloids of, 743. 

Senecionine, and its salts, 743. 

Sesquiterpene series, theses in, 1137. 

Silica gel impregnated with iron, preparation of, and 
use as cata i in chlorination, 338. 

Silicon hydrides, oxidation of, 677. 

Silicates, insoluble, determination in, of lithium, 
of potassium and sodium, 1390. 

Silicon determination :— 
determination of, in insoluble silicates, 1390. 

Silver, stereochemistry of, 775. 

Silver chloride, determination of, volumetrically, 1049. 
—_ detection of, in presence of silver cyanide, 
nitrate, reactions of, with organic bases, 96. 

Silver ions, anion affinity of, 1121. 

Sitostanol, identity of, with fucostanol, ostreastanol, 
and stigmastanol, 738. 

Skatole, dipole moment of, 47. 

Smilagenin, and its derivatives, 1402. 

Smilagenone, 1403 

Smilagenyl chloride, 1403. 

Simmondsia californica, seed wax of, 1750. 

Sodium azide, thermal decomposition of, 657. 

Solanidine in sprouting potatoes, 1299. 

Solanocapsidine, 1541. 

Solanocapsine, and its derivatives, 1540. 

apoSolanocapsine, 1540. 

psicum, alkaloids from, 1537. 

Solubility of nate sore rey 1171. 

Solutions, bimolecular reactions in, 371. 
kinetics of complex formation in, 101. 

Sorbic acid, catalytic hydrogenation of, at nickel and 

platinum cathodes, 574. 
electrolytic reduction of, 202. 
ery absorption, of dipole association products, 


— acid, f.p. of mixtures of, with margaric acid, 


= ionic interchange in, 1317. 
Stereochemistry, new ethan in, 1222. 
Sterols, action of selenium dioxide on, 462. 
thesis of compounds related to, 50, 52, 54, 192, 
747, 752, 757, 759, 763. 
synthesis of polycyclic compounds related to, 187. 
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Sterol group, 737, 738, 905, 907, 1274, 1437. 

Sterol-cstrone group, 1848. 

Stigmastanol, identity of, with fucostanol, ostrea- 
stanol, and sitostanol, 738. 

Strobinin, 1036. 

Strophanthus emini, glucosides of, 442. 

Strychnine, alkaline degradation of, 1695. 

Styrene, 2-amino-, ring closure of derivatives of, 181. 

isomerides and derivatives of, 183. 

Styrylpyrylium salts, 1380. 

Substitution at saturated carbon atoms, 225. 
aliphatic, and the Walden inversion, 1173. 
aromatic, relative directive power of groups in, 

1148. 

Succinimide, dipole moment of, 47. 

Sugars, crystalline structure of, 769. 

Sulphinic acid, 2:4-dibromobenzenediazonium salt, 
1244 


Sulphonyl chlorides, aromatic, dipole moments of, 
1182 


Sulphur, velocity of reaction of, with hydrogen, 454. 
Sulphur nitride, formation and constitution of, 1645. 
Sulphuric acid, surface tension of mixtures of, with 
ether and with nitrobenzene, 684. 
equilibrium of, with nitrobenzene and water, 
1571. 
hydrogen exchange of, with paraffins, 1643. 
Sulphites, action of, on eae hates, 1569. 
Pyrosulphates, action of, on sulphites, 1569. 
Dithionates, formation of, from pyrosulphates and 
sulphites, 1569. 
Synthesis, asymmetric, mechanism of, 1313. 
Systems, polycyclic, migration reactions in, 802. 


T. 


Tautomerism and optical activity, 623. 
keto-lactol, 570. 
Tectochrysin, 268. 
Telfairic acid, 399. 
Terpenes of the thujane series, structure of, 829. 
Terpene compounds, 1852. 
Tetra-acetoglucosidoglyoxaline, 505. 
Tetra-alkylammonium salts, conductivity of, in 
aqueous hydrogen cyanide, 1495. 
Tetra-anisylpyrrole, 400. 
Tetracosanoic acid, and 2-bromo-, and 2-hydroxy-, 
283. 
Tetraethoxytitanium, 638. 
Tetraethylaminoruthenium chloride, dichloro-, 44. 
Tetraethyl-lead, vapour-pressure curve of, 1567. 
Tetrahydrocarbazole, 5-amino-, and its acetyl deriv- 
ative, 900. 
5- and 7-nitro-, 899. 
Tetrahydrocarbazoles, 7-substituted, 40. 
Tetrahydro-a-cyperone, and its derivatives, 671. 
Tetrahydrofurturyl bromide, preparation of, and its 
reaction with magnesium, 195. 
5:6:7:8-Tetrahydro-8-naphthathiazole derivatives, un- 
saturation and tautomerism of, 1668. 
5:6:7:8-Tetrahydro-8-naphthathiazole, 2-amino-, 1671. 
s-ar-Tetrahydro-a-naphthylmethylthiourea, 1671. 
ar-Tetrahydro-a-naphthylthiocarbimide, 1671. 
ar-Tetrahydro-a-naphthylthiourea, 1671. 
3:9:10:11-Tetrahydro-1:2-cyclopentanophenanthrene, 
764 


Tetrakis(bromotriethylarsinecopper), 1508. 
Tetrakis(iodotriamylphosphinecopper), 1507. 
Tetrakis(iodotributylarsinecopper), 1508. 
Tetrakis(iodotributylphosphinecopper), 1507. 
Tetrakis(iodotriethylarsinecopper), 1508. 
Tetrakis(iodotriethylphosphinecopper), 1507. 
Tetrakis(iodotrimethylarsinecopper), 1508. 
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Tetrakis(iodotripropylarsinecopper), 1508. 

Tetrakis(iodotripropylphosphinecopper), 1507. 

Tetrakisthioacetamide-argentous chloride, 779. 

Tetrakisthioacetamide-cuprous chloride, 778. 

Tetralin, 6:7-dibromo-, 1537. 

— bromo-, dipole moments and structure of, 
1532. 

2-(5’-Tetralyl)cyclohexanol, 1433. 

2-(5’-Tetralyl)cyclohexanone semicarbazone, 1433. 

1-(5’-Tetralyl)-4'-cyclohexene, 1433. 

2:3:4:6-Tetramethoxyphenanthrene, 9-amino-, and its 
acetyl derivative, 1234, 1236. 

eee aca acid, 


Tetramethoxytitanium, 638. 
2:3:5:8-Tetramethylchromone, 427. 
2:3:6:8-Tetramethylchromone, 216. 
Tetramethyl-p-phenylenediamine, 2:6-dinitro-, 1570. 
aaa’a’-Tetramethylphthalan, 1116. 
Tetramminoplatinous styrenetrichloroplatinite, 1047. 
Tetraphenylglycol, compound of, with pyridinium 

chloride, 1571. 

Tetraphenylpyrrole, tetra-p-hydroxy-, and its acetyl 

derivative, 400. 
2:3:4:5-Tetraphenylthiophen, reduction of, 505. 
Tetrapyridinoruthenium chloride, dichloro-, 44. . 
Thallium compounds, application of, in organic 

chemistry, 1678. 

Thallium organic compounds :— 

Thallous propylacetone, 1681. 
5-Thioacetamido-4-methyluracil, 1557. 
Thioacetanilide, 4-chloro-, 1228. 

Thiochrome, synthesis of, 1601. 

8-Thio-6-ethylpurine, 1562. 
5-Thioformamido-4-ethylpyrimidine, 6-amino-, 1558. 
5-Thioformamido-4-methylpyrimidine, 6-amino-, and 

2:6-diamino-, 1558. 
5-Thioformamido-4-methyluracil, 1558. 
5-Thioformamidopyrimidines, 1557. 
8-Thiopurine, 2:6-dihydroxy-, 1561. 

Tin, extraction of indium from, 1290. 

Titanium organic compounds, 637. 

Tolan, 2:2’-dichloro-, dichloride, 338. 

o-Tolualdehyde 2:4-dinitrophenylhydrazone, 353. 
Toluene, chlorination of, in presence of activated 

charcoal and of iron-impregnated silica gel, 337. 

Toluene, 3:4-dithiol, 178. 

Toluene series, 691, 696, 707. 

p-Toluenesulphinic acid, benzenediazonium and 
4-mono- and 2:4-di-bromobenzenediazonium salts, 

1242. 

Toluenesulphinic acids, mono- and di-chloro-, and their 

salts and derivatives, 693. 

Toluenesulphinyl chlorides, dichloro-5-nitro-, 710. 
N-(B-p-Toluenesulphonamidoethyl)ethylenediamine di- 

hydrochloride, 1519. 
p-Toluenesulphonylbenzyl-/-menthylamide, 1224. 
p-Toluenesulphonic acid, 4-bromophenylhydrazine 

salt, 1243. 

Toluenesulphonic acids, mono- and di-chloro-, and their 
salts and derivatives, 693. 
dichloro-, chloroamino-, and chloronitro-derivatives, 
and their salts and derivatives, 701, 709. 
d-(+-)a-p-Toluenesulphon acid, and its 

amide and derivatives, Walden inversion of, 303. 
p-Toluenesulphonyl-4-bromop , 1243. 
TT eo 
p-Toluic acid, 2-cyano-, 1625. 
p-Toluidine, thermal analysis and refractivity of 

binary systems of, with o- and p-chlorophenols, 
791. 
o- and 


-chlorophenoxides, equilibrium constants 
of, in Nee 


nzene and p-dichlorobenzene, 1303. 











of, 








y-p-Toluidine-n-butane, 58-trichloro-B-nitro-, 1531. 
p-Toluidinobutylarsinepalladium, dichloro-, 888. 
p-Toluidinobutylphosphinepalladium, dichloro-, 888. 
y-p-Toluidino-n-hexane, 55¢-trichloro-B-nitro-, 1531. 
B-p-Toluidinopentanal, yy8-trichloro-a-nitro-, phenyl- 
hydrazone, 1694. 
p-p-Toluidinopentane, yy8-trichloro-a-nitro-, 357. 
od eee amateaaraa yvy-trichloro-a-nitro-, 
1531. 
B-p-Toluidinopropanal, yyy-trichloro-a-nitro-, phenyl- 
and tolyl-hydrazones, 1694. 
B-p-Toluidinopropane, yyy-trichloro-a-nitro-, 357. 
r-p-Toluoylphenylcarbinol, 95. 
p-Toluoyl-N-picrylanilide, 451. 
o-Tolylacetonitrile-3-carboxylic acid, 292. 
2-(4’-Tolylamino)isoindolinone-3-acetic acid, 2-2’- 
nitro-, synthesis of, and its derivatives, 1098. 
’-Toly]-3:4-dihydrophthalazine-4-acetic acid, 1- 
hydroxy-3-2’-amino-, and its lactam, 1107. 
1-hydroxy-3-2’-nitro-, and its methyl ester, 
1106. 
’-Tolyl-3:4-dihydrophthalazine-1-sulphonic-4-acetic 
acid, 3-2’-nitro-, sodium hydrogen salt, 1106. 
B-p-Tolylhydrazinopropane, yyy-trichloro-a-nitro-, 
and its diacetyl derivative, 357. 
Talyliminobenzylmalonic acids, and their ethyl esters, 
430. 


2-4’-Tolylisoindolinone-3-acetic acid, 2-2’-amino-, and 
its derivatives, 1105. 

1-0-Tolyl-2-methylcyclohexanol, 321. 

B-Tolyl-a-methylpropionic acids, 58. 

y-o-Tolyl-a-methyl-8-isopropylbutyric acid, ethy] ester, 
675. 

1-o-Tolylnaphthalene, 1434. 

Toxicaric acid, 213. 

Triacetorhamnosidoglyoxaline, 506. 

Triacetyl glucal, rotatory dispersion of, 1404. 

Triamminobutylphosphinepalladium dichloride, 888. 

Trianhydroemicymarigenin, 444. 

Tricarboxydimethoxydipheny] ethers, 1278. 

2:4:5-Tricarboxycyclopentane-l-acetic acid, and 3- 
hydroxy-, and their derivatives, 151. 

Tricosanoic acid, and its derivatives, 283. 
crystallography of, 717. 

Tridecoin, 1634. 

Triethoxychlorotitanium, 639. 

2:4:6-Triethylbenzene, 1:3:5-trinitro-, dipole moment 
of, 862. 

Triethylearbinol, B-chloro-, 402. 

2:2’:8-Triethylthiacarbocyanine iodide, 5:5’-dibromo- 
and -dichloro-, 1230. 

1:2:3-Triketotetramethylcyclopentane, and its deriv- 
atives, 269. 

Trimesic acid, and its trichloride, 1111. 

3:4:5-Trimethoxyacetophenone, w-chloro-, and w- 
hydroxy-, acetyl derivative, 589. 

3:4:5-Trimethoxybenzaldehyde, 2-nitro-, 1235. 

2:3:4’-Trimethoxybenzhydrol, 348. 

2:3:4-Trimethoxybenzophenone, 348. 

B-(8:4:5-Trimethoxybenzoyl)malonic acid, 589. 

a-(3:4:5-Trimethoxy benzoyl)-8-(3:4-methylenedioxy- 
benzyl)butyrolactone, 351. 

a-(3:4:5-Trimethoxybenzoy])-8-(3:4-methylenedioxy- 
benzyl)butyrolactone-a-carboxylic acid, ethyl ester, 
351. 

B-(3:4:5-Trimethoxybenzoyl)propionic acid, 589. 

f-(3:4:5-Trimethoxybenzoyl)-a-veratrylidenepropionic 
acid, lactone, 589. 

3:4:5-Trimethoxy-a-p-methoxyphenylcinnamic acid, 2- 
amino-, and 2-nitro-, 1235. 

2:4:6-Trimethoxy-3-methylcinnamic acid, 633. 

2:4:6-Trimethoxy-3-methyldihydrocinnamic acid, 633. 

1:3:3-Trimethyl-2-8-acetanilidovinylindoleninium er- 
chlorate. 1711. 





Index of Subjects. 1897 


ayy-Trimethylallyl alcohol, resolution of, and its 
derivatives, 1451. 
1:3:3-Trimethyl-2-8-anilinovinylindoleninium per- 
chlorate, 1711. 
2:5:8-Trimethylchromone, 427. 
2:6:8-Trimethylchromone, 216. 
3’:5’:6’-Trimethyldiphenyl sulphide, 
hydroxy-, and its acetyl derivative, 328. 
2:5:8-Trimethyl-3-ethylchromone, 427. 
2:6:8-Trimethyl-3-ethylchromone, 216. 
4:6:8-Trimethyl-3-ethylcoumarin, 216. 
6-(2:2:6-Trimethyl-4°-cyclohexenyl)-8£-dimethyl-4°7«"-. 
octatetraene-a-carboxylic acid, esters, 562. 
6-(2:2:6 - Trimethyl-4°-cyclohexeny])-8£-dimethyl-4°«"- 
octatriene-a-carboxylic acid, 5-hydroxy-, ethyl ester, 


563. 
(1:8:3-Trimethyl-2-indolenino)(1’-methoxy-3’-[2”:6’’- 
dichloro-4’’-nitropheny] ]-3’:4’-dihydro-4’-phthal- 

azino)carbocyanine perchlorate, 1711. 
(1:3:3-Trimethy]-2-indolenino)(1’-methoxy-3’-[4’’- 
nitrophenyl]-3’:4’-dihydro-4’-phthalazino)carbo- 
cyanine perchlorate, 1711. 
(1:3:3-Trimethyl-2-indolenino)(1’-methoxy-3’-p-nitro- 
phenyl-3’:4’-dihydro-4’-phthalazino)cyanine per- 
chlorate, 1710. 
2:2:4-Trimethylcyclopentan-l-one-4-carboxylic acid, 
and its derivatives, 1853. 
2:2:4-Trimethylcyclopentan-1-one-4:5-dicarboxylic acid, 
ethyl ester, 1853. 
a:a:4-Trimethylphthalide-3-acetic acid, 291. 
Triphenylmethyl, tri-p-nitro-, paramagnetism of, 441. 
en hydroxide, and its salts, 


Tubocurarine, 1276. 
Tyramine, dissociation constants of, 1713. 


2-nitro-2’- 


U. 


Umbellularic acid, synthesis of, 829. 

Undecenoic acid, addition of hydrogen chloride and 
hydrogen iodide to, 1605. 

Undecoic acid, 10- and 11-chloro- and -iodo-, 1605. 

Undecoin, 1634. 

Unsaturated compounds, 1809. 
with halogen attached to ethylenic carbon, 1169. 

Urethanes, condensation of, wit anilide imido- 
chlorides, 431. 

os  oeeeeemaraeetnsam 4-hydroxy-, 


Usnic acid, 1834. 


V. 


Valeric acid, preemeiemees ester, 1484. 
n-Valerophenone 2:4-dinitrophenylhydrazone, 788. 
Vapours, theory of condensation of, on finely-divided 
solids, 1799. 
Vasicine, structure of, 196. 
electrolytic reduction of, 686, 1570. 
Velocity of reaction, relation of, to ionisation con- 
stants, 436. 
influence of solvents on, 723, 1353. 
in solution, influence of alkyl groups on, 785. 
of enantiomers with a common optically active 
reagent, 1219. 
Veratrine alkaloids, 414. 
B-Vinylacrylic acid, electrolytic reduction of, 810. 
5-Vinylbenzoic acid, 2- are ere aes, 556. 
Vitamin-A, synthesis of, 561. 





1898 
w. 


Walden inversion and aliphatic substitution, 1173. 
Water, heavy. See Deuterium oxide. 


x. 


Xanthoxyletin, 627. 

apoXanthoxyletin, and its derivatives, 632. 

Xanthorzylum Americanum, constituents of the bark 
of, 627, 1828. 

Xanthyletin, 1828. 

s-p-Xenylmethylthiourea, 1671. 
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Xylene-8-apocholic acid, 468. 
m-4-Xylenol, chromones and coumarins from, 215. 
B-p-Xylidinocrotonie acid, ethyl ester, 858. 


Z. 


Zanthorylum Americanum. See Xanthorylum Ameri- 
canum. 

Zeise’s salt, homologues of, 1042. 

Zinc pyrophosphates, 1425. 

— organic compounds, complex, containing sulphur, 


75 
Zinc ions, anion affinity of, Li2i. 

















FORMULA INDEX. 


Tue following index of nic compounds of known empirical formula is arranged according to Richter’s 
system (see Lexikon der K -Verbindungen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 
5 IV indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 

7 according to the number of atoms of each single element (except carbon) present in the 
molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 


C, Group. 


CO° Carbon monoxide, adsorption of, by diamond and graphite, 1261; action of, with alcohols, 358, 362 ; 
action of, with steam, on olefines, 364; disappearance of, in presence of heated nickel filaments, 1513. 

CO, Carbon dioxide, adsorption of, by diamond and graphite, 1261. 

CS, Carbon disulphide, dipole moment of, in polar solvents, 487. 


1 


CHN Hydrocyanic acid, studies on, 184, 339, 1245, 1495. 

CHCl, Chloroform, dipole moment of, in polar solvents, 491. 

CHBr, Bromoform, dipole moment of, in polar solvents, 491. 

CH.O Formaldehyde, photochemical oxidation of, 1036; photolysis of, 890; slow combustion of, 649. 
CH,I Methyl iodide, influence of solvents on reaction of, with pyridine, 1353. 

CH;N Methylamine, kinetics of thermal oxidation of, 1524. 

CO,N, Tetranitromethane, complex formation of, 1463. 


1m 
CH,0.N Nitromethane, photochemical decomposition of, 1580. 


C, Group. 


C.H,0O, Oxalic acid dihydrate (+ 2H,O), X-ray structure of, 1817; salts, solubilities of, and their com- 
plexes, 1489; silver salt, thermal decomposition of, 832, 839; sodium and thorium salts, solubility of 
mixtures of, in water, 1494. 

C.H,O Acetaldehyde, oxidation of, by hydrogen peroxide in presence of selenium oxychloride, 633 ; 

bhobecbvenston’ oxidation of, 1036; photolysis of, 890; thermal decomposition of, 812. 

C.H,0, Acetic acid, thermal analysis and refractivity of binary systems of, 791; salts, electrolysis of, in 

non-aqueous solution, 820. 


2 Ill 


C.HO,.Cl, Chloral, condensation of, with salicylic acid, 554. 

C.H,0.Cl Chloroacetic acid, and its salts, hydrolysis of aqueous solutions of, 153. 
0. Bromoacetic acid, sodium salt, aqueous hydrolysis of, 497. 

C.H,0. Nitroethane, photochemical decomposition of, 1580. 

C,0,N.Fe Iron nitrosocarbonyl, parachor of, 1283. 


2 IV 
C.H,0,C1,Ti Dimethoxydichlorotitanium, 639. 
C, Group. 
C,H, 1-Propyl, free, 253. _ 


C,H,0, /-Malic acid, rotation of, during neutralisation with sodium hydroxide, 1487. 
Cc Acetone, photolysis of, 890. 
Propaldehyde, influence of hydrogen on decomposition of, 818; thermal decomposition of, 812. 
C,H,O, Methyl acetate, catalytic hydrolysis of, 1362. 
Propionic acid, synthesis of, 358. 
C,H,O, /-Lactie acid, rotation of, during neutralisation with sodium hydroxide, 1487. 
C,H,Br — bromide, hydrolysis of, 225. 
C,H,.0, Paraldehyde, depolymerisation of, a mn 
8 
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3 Il 
C,H,N,Ag Silver glyoxaline, 505. 
C,;H,0,8 Acetonesulphonic acid, action of diazonium salts with, 83. 
C,0,NCo Cobalt nitrosocarbonyl, parachor of, 1284. 


3 IV 
C,H,;0,N.Cl, yyy-Trichloro-a-nitro-8-aminopropane, and its hydrochloride, 356. 


3V 
C;H,0,N.Cl,Cu Copper methylglyoxime dichloride, 131. 


C, Group. 


C,H,Br 4*-Butenyl bromide, conversion of 4¥-butenol into, 261. 
C,H,O 4Y-Butenol, conversion of, into 48-butenyl bromide, 261. 
C,H,O, Butyric acid, viscosity of aqueous mixtures of, 1003. 
isoButyric acid, synthesis of, 358. 
C,H,,0 Ethyl ether, surface tension of mixtures of, with sulphuric acid, 684; influence of hydrogen on 
decomposition of, 818. 
C,0,Ni Nickel carbonyl, parachor of, 1284. ‘a 


C,H,O,N, Methylmethoxyglyoxime, 566. 
C,H,,0,Ti Tetramethoxytitanium, 638. 
O,N,.K,0n Potassium cuprocyanide, 778. 
4IV 
C,H,O,NCl, 838-Trichloro-f-nitro-y-hydroxybutane, 1294. 
C,H,0.N.Cl, yyy-Trichloro-a-nitro-8-methylaminopropane, and its hydrochloride, 1530. 
C.H,,0.C1,Ti Diethoxydichlorotitanium, 639. 
C,H,,N,C],Ru Dichlorobisethylenediaminoruthenium chloride, 44. 
4V. 
C,H,0,N,Cl,Cu Copper dnetigighrentne dichloride, 131. 
C,H,0,N,Cl,Cu Copper methylmethoxyglyoxime dichloride, 566. 


C,H,,ON,Cl,Ru Chlorobisethylenediaminohydroxoruthenium chloride, 44. 
C,H,,ON,I,Ru Iodobisethylenediaminohydroxoruthenium iodide, 44. 


C, Group. 
C;H, cycloPentadiene, molecular forces between benzoquinone and, 432. 


5 


C,H,O, §-Vinylacrylic acid, electrolytic reduction of, 810. 
C;H,;,N Pyridine, thermal analysis and refractivity of binary systems of, 791; action of, with alkyl chloro- 
sulphinates in ether solution, 688. 
C,H,,0, Pivalic acid, synthesis of, 362. 
sH,,0 ay-Dimethylallyl alcohols, isomeric, 576. 
C;H,,0, Methylethylacetic acid, synthesis of, 362. 
C.H.N Pyridine, influence of solvents on reactions of, with methyl iodide, 1353. 


C;H,,N Piperidine, salts of, with fatty acids, 1346. 
C.0.Fe Iron pentacarbonyl, parachor of, 1284. 


5 I 
C;H,0,Cl, Methyl yyy-trichloro-8-hydroxybutyrates, optically-isomeric, 719. 
C,H,OBr, (+)-Methyl a8-dibromopropyl ketone, 1316. 
C,H,OBr Tetrahydrofurfuryl bromide, preparation of, 195. 
C;H,0,C] Ethyl] f-chloropropionate, Grignard reactions with, 401. 

Methyl a-chloro-y-hydroxypropyl ketone, 1556. 
C,;H,O,N Acetoxypropionamides, 307. 
C,H,,OBr, (-+)-Methyl-af8-dibromopropylcarbinol, 1316. 
C,H,,0,N, Methylethoxyglyoxime, 506. 
C,H,,Cl,Pt Amyleneplatinous chloride, 1048. an 
Vv 


C,;H,0,N.Cl, yyy-Trichloro-a-nitro-f-acetamidopropane, 357. 

C,H,0.N.Cl, yyé-Trichloro-a-nitro-8-aminopentane, and its hydrochloride, 357. 
yyy-Trichloro-a-nitro-B-ethylaminopropane, and its hydrochloride, 1530. 
§85-Trichloro-8-nitro-y-methylamino-n-butane, and its hydrochloride, 1531. 

5V 


C,;H,,0,N,Cl,Cu Copper methylethylglyoxime dichloride, 131. 
C,H,,0,N.Cl,Cu Copper methylethoxyglyoxime dichloride, 565. 
1900 
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C, Group. 


C,H, Benzene, structure of, 912, 915, 925, 931, 941, 955, 966, 971, 1210; dipole moment of, in polar 
solvents, 487; vibration frequency of, 971; fluorescence spectrum of, 1210; infra-red and Raman 
spectra of, 966; resonance emission spectrum of, 955; liquid, Raman spectrum of, 925; liquid and 
vapour, infra-red absorption spectra of, 931; vapour, fluorescence spectrum of, 941; adsorption by, 
at water interfaces, 119. 

C,H,, -Hexane, action of nitrosyl chloride on, 1005. 

C,D, Hexadeuterobenzene, physical properties of, 915; vibration frequency of, 971; fluorescence spectrum 
of, 1210; infra-red and Raman spectra of, 966; resonance emission spectrum of, 955; liquid, Raman 
spectrum of, 925; liquid and vapour, infra-red absorption spectra of, 931; vapour, fluorescence 
spectrum of, 941. 

6 I 


C,H,O, Benzoquinone, molecular forces between cyclopentadiene and, 432. 

C.H,Cl, p-Dichlorobenzene, dipole moment of, in polar solvents, 487; thermal analysis and refractivity of 
binary systems of, 791. 

C,H;Cl Chlorobenzene, dipole moment of, in polar solvents, 491; thermal analysis and refractivity of 
binary systems of, 791; adsorption by, at water interfaces, 119. 

C,H,O Phenol, exchange reaction of deuterium oxide with, 1811. 

C.H,N Aniline, effects of sodium chloride and aniline hydrochloride on surface tension and vapour pressure 
of aqueous solutions of, 1662. 

C.H,O, Sorbic acid, catalytic hydrogenation of, 574; electrolytic reduction of, 202. 

C,H,O, Ascorbic acid, crystalline structure of, 769. 

C,H,,0, ay-Dimethylallyl formate, 582. 

C.H,.N, 2:6-Diamino-4-ethylpyrimidine, 1558. 

C,.H,,0 (—)Methyl ay-dimethylallyl ether, 583. 

ayy-'Trimethylallyl alcohol, resolution of, 1451. 
C,.H,.0, Diacetone alcohol, alkaline decomposition of, 1363. 
H,,0, Paracetaldehyde, dipole moment of, 496. 
C.H,,0, Galactose, addition compound of, with potassium hydroxide, 1769. 
Glucose, heats of activation in mutarotation of, 1824. 

C.H,,0, Acetal, acid hydrolysis of, 1363. 

C.H,;As Methylethyl-n-propylarsine, preparation of, 266. 

C.H,,N, NN’-Bis-(8-aminoethyl)ethylenediamine, and its tetrahydrochloride, 1519. 


6 I 

C,H,0,N, Picric acid, chromic salt, 861. 

C,H,0C] Chlorophenols, thermal analysis and refractivity of binary systems of, 791. 

C.H,0,N Nitrobenzene, dipole moment of, in polar solvents, 491; surface tension of mixtures of, with 

sulphuric acid, 684; equilibrium of, with sulphuric acid and water, 1571. 

C,H,0,N, m-Nitroaniline, influence of solvents on benzoylation of, 1353. 

C.H,N.Cl, 2:4-Dichloro-5-chloromethyl-6-methylpyrimidine, 1604. 

C.H,CIS, 1-Chloro-3:4-dithiolbenzene, 178. 

C,H,O.N Picolinic acid, metallic salts, 779. 

C.H,N.Cl, 4-Chloro-5-chloromethyl-2-methylpyrimidine, 1603. 

C,H,O.N, 4-Hydroxy-5-hydroxymethyl-2-methylpyrimidine, 1603. 

C,H,N,Cl 6-Chloro-2-amino-4-ethylpyrimidine, 1558. 

C.H.N,S 6-Amino-5-thioformamido-4-methylpyrimidine, 1558. 

C.H,ON, Staring Ohgtetap-Lanagtnes 1558. 
4-Hydroxy-5-aminomethyl-2-methylpyrimidine, 1603. 

C.H,0,T1 Thallous propylacetone, 1681. 

C,H,N,S 2:6-Diamino-5-thioformamido-4-methylpyridine, 1558. 

C.H,,0,N cycloHexy]l nitrite, 286. 

C,H,,0,C1 Ethyl £-chloroisobutyrate, 1448. 

C,H,,0,Br Ethyl a-bromoisobutyrate, condensation of, with n-alkylmalonic esters, 1444. 
Ethyl B-bromoisobutyrate, 1448. aw 


C,H,0,C1,S, eens St alates chloride, 178. 

C,H,0,CIS, 1-Chlorobenzene-3:4-disulphonic acid, barium salt, 178. 

C,.H,0.N,S 5-Thioformamido-4-methyluracil, 1558, 

C,H,O,NCl, 885-Trichloro-f-nitro-y-acetoxybutane, 1294. 

C.H,0.N.Cl, yyy-Trichloro-a-nitro-8-allylaminopropane, and its hydrochloride, 1531. 
C:H.,0,NCI_ 2-Chlorocyclohexy] nitrite, 286. 

at hy 85e-Trichloro-8-nitro-y-hydroxyhexane, 1294. 

C,H,,0. 2-Amino-4-methyl-5-8-hydroxyethylthiazole, and its picrate, 1603. 
C.H,,0,N.Cl, yy-Trichloro-a-nitro-8-methylamino-n-pentane, and its hydrochloride, 1531. 
C,H,,0.C1.Ti Diisopropyldichlorotitanium, 639. 

C,H, ,0,CITi Triethoxychlorotitanium, 639. 

C,H,,Cl,As,Pd, Dichlorobis(trimethylarsine)-u-dichloropalladium, 884. 


C, Group. 


Toluene, chlorination of, in presence of catalysts, 337. 


C,H, 
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70 


C,H,O Benzaldehyde, oxidation of, by hydrogen peroxide in presence of selenium oxychloride, 633. 
C,H,O, Benzoic acid, sodium salt, bromination of, 168. 
Salicylic acid, condensation of, with chloral, 554. 
3:4-Dithioltoluene, 178. 
p-Toluidine, thermal analysis and refractivity of binary systems of, 791. 
C,H,,0 1-Acetylcyclopentene, 763. 
C,H,,0, ay-Dimethylallyl acetate, 583. 
C,H,,0 Diisopropyl ketone, free propyl radical from, 1777. 
C,H,,0, Digitalose, 445. 
C,H,,0, 6-Methylglucose, 860. 
C,H,,0, Ethyl orthoformate, acid hydrolysis of, 1363. 


7m 

C,H,0,N, 3:5-Dinitrobenzonitrile, 1111. 

C,H,NSe Phenyl selenocyanate, nitration of, 1609. 

C,H,ON N-Iodoformanilide, rearrangement of, in anisole solution, 1520. 

C,H,N.S, 2:3-Dithiosulphindene hydrazone, 1146. 

C,H,CIBr m-Chlorobenzyl bromide, 1450. 

C.H,BrI m-Iodobenzyl bromide, 1451. 

C,H,BrF m-Fluorobenzyl bromide, 1450. 

C,H,ON, 1-Hydroxy-6-methyl-1:2:3-benztriazole, 118. 
8-Thio-6-ethylpurine, 1562. 

4-Hydroxy-2-methylpyrimidine-5-acethydrazide, 1602. 

6-Amino-5-thioformamido-4-ethylpyrimidine, 1558. 

C,H,,0,C1 Methyl a-chloro-y-acetoxypropyl ketone, 1556. 

C,H,;0 Methylcyclohexy] nitrites, 286. 

C.H, ; a-Chlorotriethyicarbinol, 402. 


C,H,NBrS, 5-Bromo-1l-thiolbenzthiazole, 1674. 

C,H,ONS, 2:3-Dithiosulphindene oxime, 1146. 

C,H,0,C1,8 Dichlorotoluenesulphonyl chlorides, 702, 712. 

C.H,;0,;N.Cl 4-Chloro-2:3-dinitro-anisole, 1570. 

C,H,0,Ci,8 3-Chlorotoluene-4-sulphonyl chloride, 693. 
Dichlorotoluenesulphinic acid, salts, 694. 

C,H,O,N,Br 2-Bromo-4-nitrophenylmethylnitrosoamine, 1749. 

C,H,0,Ci,8 Dichlorotoluenesulphonic acids, salts, 694, 702, 710. 

C,H,O.N,Br 2-Bromo-4-nitromethylaniline, 1750. 

C,H,0.CIS 3-Chlorotoluenesulphinic acids, barium salts, 693. 

C,H,0,CIS 3-Chlorotoluene-4-sulphonic acid, potassium salt, 693. 

C,H,ON,S 4-Hydroxy-5-thioformamidomethyl-2-methylpyrimidine, 1603. 

C,H,,0;N,Cl, yy8-Trichloro-a-nitro-8-acetamidopentane, 357. 

C.H,,0.N,Cl, yy5-Trichloro-a-nitro-8-ethylamino-n-pentane, and its hydrochloride, 1531. 
85e-Trichloro-8-nitro-y-methylamino-n-hexane, hydrochloride of, 1531. 

C.H,,N.BrAu Ethylenediaminocyclopentamethylenegold bromide, 326. 


7V 


C,H,0O;,NC1,8 Dichloro-5-nitrotoluenesulphinyl chlorides, 710. 

C,H,0,NC1,S Chloronitrotoluenesulphonyl chlorides, 701, 712. 

C,H,0,N Chloronitrotoluenesulphonic acids, salts, 701, 709. 
C,H,0.NC1,S Dichlorotoluenesulphonamides, 695, 702, 712. 

C,H,0,N Chloronitrotoluenesulphonamides, 701, 710. 

C.H,0.Ni 3-Chlorotoluene-4-sulphonamide, 693. 

C.H,O,NCIS Chloroaminotoluenesulphonic acids, and their salts, 701, 713. 


C, Group. 


C,H,O, Phenyl acetate, hydrolysis and alcoholysis of, 1014. 
C,H,O, Mandelic acid, normal and acid salts of, 868. 
»H,,0, dl-a-Furylmethylcarbinyl acetate, 622. 

C.H,,0, 3:3-Dimethyl-4'-cyclobutylene-1:2-dicarboxylic acid, 595. 

C,H,,N Base, from strychnine, 1697. 

C,H,,0, 3:3-Dimethylcyclobutane-1:2-dicarboxylic acid, 595. 
Dimethyl a-methylglutaconate, 486. 
1-isoPropylcyclopropane-1:2-dicarboxylic acids, 830. 
dl-1-isoPropylcyclopropane-1:2-dicarboxylic acids, 829. 
Umbellularic acid, synthesis of, 829. 

C,H,.0, Methyl f-ketoadipate, 1850. 

C,H,,0 cis-0:3:3-bicycloOctan-2-ol, 615. 

C.H,,0, ayy-Trimethylallyl acetates, 1453. 

C.H,,0, Methyl y-acetyl-a-methylbutyrate, 193. 

C,H,,0 ee ae ee ee 473. 

C,H,,0 -Octyl alcohol, rotation of, in various solvents, 1007. 

C,H..Pb Tetra-ethyl lead, vapour pressure of, 1567. ° 

190 
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C,H,0.N, 5-Nitro-1:3-dicyanobenzene, 1111. 
sH,0,I m-Iodophenylacetic acid, 646. 
C,H,O,N, Piperonoylhydrazine, 584. 
C,H,ON Acetanilide, exchange reaction of deuterium oxide with, 1811. 
C,H,O,;N p-Methylbenzyl nitrate, 240. 
C.H,,0.N. p- -Nitrodimethylaniline, action of sodium nitrite on, 1749. 
C,H,,0.N, 4-Hydroxy-5-acetamidomethyl-2-methylpyrimidine, 1603. 
ee 1-Hydroxy-1-cyanomethylcyclohexanes, 416. 
C,H,,0,N cis-a-Methyl-a’-ethylglutarimide, 1446. 
C,H,,0,Ti Tetraethoxytitanium, 639. 


C,H,0,NCl, 5- rey Nee chloride, 1111. 
C,H,O.N.S, 5-Nitro-l-methylthiolbenzthiazole, 1674. 
C,H,O.N,8 2 : 6-Dihydroxy-4’-methylthiazolo-(2’:3’:8:7)purine, 1561. 
C,H,.N 5-Chloro-1-methylbenzthiazole, 1228. 
CH NBS, ys samy meen ay ow 1228. 
C 5-Bromo-1-thio-2-methyl-1:2-dihydrobenzthiazole, 1674. 
C.HONS, 2:3-Dithiosulphindene oxime methy] ether, 1146. 
C,H,O,N.S 2-Nitrophenylthioacetamide, 330. 
C,H,NCIS 4-Chlorothioacetanilide, 1228. 
C,H,CI,KPt Potassium styrenetrichloroplatinite, 1048. 
C,H,O.NS, 5-Nitro-1:3-bismethylthiobenzene, 1112. 
C.H,0.N,Cl PX em Ber ew cee 8 ae hydrochloride, 185. 
C,H,O.N 2-Bromo-4-nitrodimethylaniline, 1749. 
C,H,,0 ie 2-Bromo-4-nitrodimethylaniline hydrobromide perbromide, 1749 
C,H,,0 acl 85e-Trichloro-f-nitro-y-acetoxyhexane, 1294. 
C.H,;0.N. Pe -Trichloro-a- nite $-aliylamino- n-pentane, hydrochloride of, 1531. 
CH ONN, ickel methylmethoxyglyoxime, 566. 
C,H,,0,C1,Ti Diisobutoxydichlorotitanium, 639. 
C,H.,N,Cl,Ru Dichlorotetraethylaminoruthenium chloride, 44 


8V 


C,H,,N,CIS,As Tetrakisthioacetamide-argentous chloride, 779. 
C,H,.N,CIS,Cu Tetrakisthioacetamide-cuprous chloride, 779. 
C,H,,ON,Cl,Ru Chlorotetraethylaminohydroxyruthenium chloride, 45. 


C, Group. 

C,H,N, s-Tricyanobenzene, 1111. 

2 5:6-Dibromohydrindene, 1537. 
C,H,,0, 1-Methyl-4?-cyclohexene-1:2-dicarboxylic anhydride, 483. 
oH,,0, a- and £-Camphylic acids, 734. 
- Caryophyllenic anhydride, 742. 
O-Methylphloroglucinol B-dimethyl ether, 1837. 
t: 2:3-Triketotetramethylcyclopentane, 273. 
C,H,,0, 1-Methyl-4'-cyclohexene-2:4-dicarboxylic acid, 1625. 
1-Methyl-4 2.cyclohexene-1:2-dicarboxylic acid, and its silver salt, 483. 
1-Methyl-4'-cyclopentene-2-carboxylic-3- acetic acid, 1624. 
Acid, from ozonisation of lanceol, 1623. 

C,H,,0, Methy] 1- -methylcyclohexan- 2-one-4-carboxylate, 1625. 
Methyl 1-methylcyclopentan-2-one-3-acetate, 1624. 
5-Methylcyclopentanone-2-a-propionic acid, 620. 

C,H,,0, cis- and trans-Caryophyllenic acids, 742. 
1:2:3 ‘Triketotetramethyleyelo ntane hydrate, 272. 
i Oe Methyl ethyl B- ketoadiy ate, 1850. 
oy eee -1:2-dicarboxylic acid, 482. 
08,0 -4-isoPropyl-4*-cyclohexen-1-ol, 1597. 
C,H, .0, a-isoButylglutaric acid, 595. 

C,H,,N 5:5’-Dimethyldi(1:2) yrrolidine, 607. 
3-Methyloctahydropyrroco alien, and its salts, 1430. 

CoHs0 (—)-n-Butyl ay-dimethylallyl ether, 583. 

C,H,,.N 3-Chloro-a-diethylaminopentane, and its picrate, 609. 


9 

C,H,0,Cl, Trimesic trichloride, 1111. 
C,H,0,Br 6-Bromo-3:4-methylenedioxyphthalide, 200. 
C,H,0,N 6-Nitro-3:4-methylenedioxyphthalide, 200. 
C,H,O,N, 6:7-Methylenedioxyquinazoline, 198. 
C,H,0,Cl, is Hydroxy-5-88-dichlorovinylbenzoic acid, 556. 
C,H,0,N ano-p-toluic acid, 1625. 
C,H,0,Cl, *S. ydroxy-5-888-trichloro-a-hydroxyethylbenzoic acid, 554. 
Cron 4-Nitroaliylresorcinol, 281. 

2-Nitroquinol 4-O-allyl ether, 281. 

4-Nitroresorcinol 1-O-allyl ether, 281. 
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€,H,NS, 1-Methylthiol-5-methylbenzthiazole, 1673. 
1-Thio-2:5-dimethy]-1:2-dihydrobenzthiazole, 1674. 

€,H,,OBr £-m-Methoxyphenylethyl bromide, 51. 

C,H,,0 2-Cyano-1-methyl-4!-cyclopentene-3-acetic acid, 1624. 

C,H,,N 2-Methylthiobenzomethylthioamide, 1147. 

C,H,,0,N, Ethyl 4-hydroxy-2-methylpyrimidine-5-acetate, 1602. 

C,H,,0.N rx 2-methylpyrrole-5-acetate, 607. 

‘C,H,,0,N, 4-Hydroxy-5-urethanomethyl-2-methylpyrimidine, 1603. 

'oH,,0,N, N-Rhamnosidoglyoxaline, 506. 
u0;N, Glucosidoglyoxaline, 506. 

C,H,,ON 1-Hydroxy-l-cyano-3:3-dimethylcyclohexane, 1163. 
4-Keto-5:5’-dimethyldi(1:2)pyrrolidine, 607. 
7-Keto-3-methyloctahydropyrrocoline, and its picrate, 1430. 
2-Keto-octahydropyridocoline, and its picrate, 1430. 

C,H,,0,N cis-a-Methyl-a’-n-propylglutarimide, 1447. 

C,H,,0,N, 1-Methylcyclopentan-2-one-3-acetic acid semicarbazone, 1624. 

C,H,,0,N Acetone glucose 5-nitrate, 1554. 

€,H,,ON 4-Hydroxy-5:5’-dimethyldi(1:2)pyrrolidine, 607. 

C,H,,0,N Ethyl 2-methylpyrrolidine-5-acetate, 607. 


9 IV 


yvyy-Trichloro-a-nitro-8-hydroxypropanol p-chlorophenylhydrazone, 1694. 
yyy-Trichloro-a-nitro-8-2:4-dichlorophenylhydrazinopropane, 357. 
yyy-Trichloro-a-nitro-8-hydroxy-a-phenylpropane, 1295. 
Potassium indenetrichloroplatinite, 1047. 
C€,H,0,N,Cl, yyy-Trichloro-a-nitro-8-p-chlorophenylhydrazinopropane, 357. 
€,H,0,NS £-2-Nitrophenylthiopropionic acid, 330. 
C,H,0,N,Cl, -Trichloro-a-nitro-8-m-nitrophenylhydrazinopropane, 357. 
C,H,0,BrS Methulahrenn)-p beomephensthgteensnt antiiphatie acid, sodium salt, 84. 
re oxalnitrophenylhydrazone-w-sulphonic acid, sodium salt, 84. 
Methylglyoxalphenylhydrazone-w-sulphonic acid, sodium salt, 84. 
0.N,Cl, yyy-Trichloro-a-nitro-8-phenylhydrazinopropane, 357. 
8 2-Methylthiobenzomethylamidoxime, 1147. 
8 3-(6’-Amino-4’-methylpyrimidyl-5’)-4-methylthiazolium chloride hydrochloride, 1561 
C,H, ,N,C1,8 3-(2’:6’- Diamino-4’-methylpyrimidyl-b')-4-methylthiazolium chloride hydrochloride, 1559. 


9V 


C,H,0,N.C1,S ee na ee on i agg honic acid, sodium salt, 84. 


C,H,0,N,Br,S Methylglyoxal-2:4-dibromophenylhydrazone-w-sulphonic acid, sodium salt, 84. 
C,H,0,N. Methylglyoxal-7-chlorophenylhydrazone-w-sulphonic acid, sodium salt, 84. 
C,H,,0,N,CIS 3-(2’:6’-Dihydroxy-4’-methylpyrimidyl-5’)-4-methylthiazolium chloride, 1558. 


C,, Group. 


C,H, aneeootann, structure of, 331; vapour pressure and solubility of solid solutions of 8-naphthol 
with, 1279. 
C,oH,, 2:5-Dimethyl-4'-0:3:3-bicyclooctene, 621. 
-a-Phellandrene, catalytic dehydrogenation of, 1781. 
€,.H,, Decalin, action of aluminium chloride on, 616. 
2:5-Dimethyl-0:3:3-bicyclooctane, 621. ~_ 


€,.H,O, 7-Hydroxy-6-formylcoumarin, 1830. 
C,9H,O f-Naphthol, vapour pressure and solubility of solid solutions of naphthalene and, 1279. 
€,.H,0, 7-Hydroxy-6-methylcoumarin, 1831. 
6-Methylhomophthalic anhydride, 292. 
C,.H,N a- and £-Naphthylamines, action of methyl alcohol on hydrochlorides of, 1783. 
C,.H,,0, Allyl-8-resorcylaldehydes, 278. 
6-Methoxy-2-methyl-3-coumaranone, 1836. 
€,oH,,0, 4-O-Allyl-8-resorcylic acid, 280. 
6-Methylhomop thalic acid, 292. 
C,,H,,Br, 6:7-Dibromotetralin, 1537. 
C,,H,,N Base, from strychnine, 1697. 
CioH;,0, 3-n-Propyl-f-resorcylaldehyde, 279. 
C,oH,,0, a-3-Methoxyphenoxypropionic acid, 1836. 
10H,,0, 2:4:5-Tricarboxycyclopentane-1l-acetic acid, and its silver salt, 153. 
10H,,N, Base, from strychnine, 1697. 
C,.H,,0 Phenyl-n-propylcarbinol, resolution of, 128. 
10H,,0, Camphorquinone, absorption and circular dichroism of, 1156. 
4-Methyl-2-n-propylresorcinol, 279. 
4-isoPropoxyanisole, 1150. 
C,,H,,0, 1-Carboxymethylcyclohexane-1-acetic anhydride, 419. 
€,o9H,,0, Carbomethoxy-l-methyl-4*-cyclohexenecarboxylic acids, 483. 
€,.H,,0, Methyl 8-keto-a-acetyladipate, 1850. 
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Formula Index. 


C,,H,,0 2-4*’-Butenyleyclohexanone, 474. 
9-Methy]-2-hydrindanone, 476. 
l-Piperitone, catalytic dehydrogenation of, 1781. 

C,oH,.0; 3-Acetyl-1-methylcyclopentane-2-acetic acid, 619. 
Ethyl 4-methylcyclopentanone-2-acetate, 620. 

C,o9H,s0, 1-Carboxymethylcyclohexane-l-acetic acids, 416. 
Dihydrosenecic acid, 745. 
1-Methylcyclohexane-1-carboxylic-2-acetic acids, 476. 
1-Methylcyclohexanecarboxylicacetic acids, 484. 
4-Methylcyclopentane-1:2-diacetic acid, 621. 

C,oH,.0, y-Hydroxy-y-methoxy-aaff-tetramethylglutaric acid lactone, 274. 
Squalinecic acid, 745. 

¢,.H,.0, f8-Dimethylpentane-af-tricarboxylic acid, 1853. 

C,.H,,0 1-4?-Menthen-1l-ol, 1597. 

Cio9H,,0, aa-Dimethyl-a’-n-butylsuccinic acid, 1447. 
a-Methyl-a’-n-butylglutaric acid, 1447. 

CioH 0, 8-Octyl acetate, rotation of, in various solvents, 1007. 

C,.H.,0, O-Methyldihydroxanthoxyletinic acid, 632. 


10 


C,.H,CIBr, 1-Chloro-2:4-dibromonaphthalene, 1341. 

C,o9H,O.N, 2:3-Dinitro-1:4-dihydroxynaphthalene, 1152. 
Dinitro-1:8-dihydroxynaphthalenes, 558. 

C,H,NBr, 5:7:8-Tribromo-l-naphthylamine, and its picrate, 1340. 

C,.H,CIF 1-Chloro-8-fluoronaphthalene, 334. 

C,.H,O,.N 6:7-Methylenedioxyisoquinoline, picrate of, 611. 

C,oH,O,N, 4:8-Dinitro-l-naphthylamine, 1339. 

C,oH,O,N, 8-Nitro-a-naphthylamine, and its picrate, 1847. 

C,.H,O,N, 2:3-Dinitro-1:4-naphthylenediamine, 1152. 

C,.H,N,Br, 2:4-Dibromo-1:8-naphthylenediamine, 1341. 

C,,H,O 2-Oximino-4-methyl-1-hydrindone, 292. 
o-Tolylacetonitrile-3-carboxylic acid, 292. 

C,,.H,O,N, 2-Nitro-1:4-naphthylenediamine, 1152. 

C,.H,O,N «-Hydroxy-N-carboxyphenylpropionamide lactones, 310. 
tsoIndolinone-3-acetic acid, 1104. 

C,,H,0,Cl, Methyl 2-hydroxy-5-$8-trichloro-a-hydroxyethylbenzoate, 555. 

6-Nitropiperonylidenediformamide, 198. 

1, 3-Chloro-1:2-naphthylenediamine, and its dihydrochloride, 1764. 

Cc, 0! 2 Methyl af-dibromo-f-phenylethyl ketone, 1316. 

C,.H:,0,N, tsoIndolinone-3-acetamide, 1104. 

C,.H,,0,N, 4-Hydroxy-6:7-methylenedioxy-3-methy]-3:4-dihydroquinazoline, 198. 

C,,H,,0.N, 4-Nitromethyl-3-methyl-3:4-dihydroquinazoline, 197. 

C,.H,,0.Br Methyl p-bromo-f-phenylpropionate, 406. 

C,oH,,0;,N Benzoyloxypropionamides, 307. 

C,oH,,0,N 2-Nitro-3:4:5-trimethoxybenzaldehyde, 1235. 

C,.H,;0,N a-3-Methoxyphenoxypropionamide, 1836. 

s Adenosine, 765. 

ONS. 2-Methylthiobenzodimethylthioamide, 1147. 

C,oH,,0,N, 2:6-Dinitrotetramethyl-p-phenylenediamine, 1570. 

C,,H,;ON f-Amino-a-phenylbutyl alcohol, 1481. 

C,.H,;0,N 1-Carboxymethylcyclohexane-1l-acetimide, 417. 

C,.H,;0.N, 2-Carbamyl]-3-keto-7:9-dimethylhexahydroindazole, 1141. 

C,oH,,0;N Methyl 2-hydroxy-2-cyano-1-methylcyclohexane-4-carboxylate, 1625. 
Methyl 2-hydroxy-2-cyano-1-methylcyclopentane-3-acetate, 1624. 

C,,H, ,0,Cl Eth 1 a-chloro-a-2-acetoxyethylacetoacetate, 1556. 
19H,60,N, 2:2-Dinitrocamphane, 855. 

C.1oH,,0,N, 2:4:5-Tricarboxycyciopentane-1l-acetamide, 153. 

C,oH,70. 5-Methy]-0:3:3-bicyclooctan-2-one semicarbazone, 621. 

C,oH,70. 1-Carboxymethylcyclohexane-1l-acetamic acid, 417. 

C,,.H,,0,C1 ser hydrogen azelate chloride, 903. 

C,.H,,O,N 1-Carbethoxypiperidyl-2-acetic acid, 1027. 

C,.H,,0,N, 1:2:3-Triketotetramethylcyclopentane hydrate semicarbazone, 272. 

C,oH,,0,;N, Ethyl formylmethylmalonate semicarbazone, 1809. 

C,H. .Br,Au, cycloPentamethylenebromogold, 327. 

C,oH.,0,N, Ethyl af-bis(dimethylamino)butyrate, and its salts, 1170. 


10 IV 


C,,.H,O,NBr, 1:2:4-Tribromo-8-nitronaphthalene, 1340. 

C,,.H,0,NCl, 1:4-Dichloro-2-nitronaphthalene, 1502. 

C,.H,O,NCl 3-Chloro-2-nitronaphthalene, 1153. ‘ 

Gol O 8 Br, 2:4-Dibromo-8-nitro-1-naphthylamine, and its hydrobromide, 1340. 

C,,.H,NCIBr, 8-Chloro-5:7-dibromo-1-naphthylamine, and its picrate, 1340. 

CoH 0.6.0 3-Chloro-2-nitro-1-naphthylamine, 1153. 
4-Chloro-2-nitro-1-naphthylamine, 1502. 1905 
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C,.H,0.N,Br 3-Bromo-2-nitro-l1-naphthylamine, 1153. 
4-Bromo-8-nitro-1- er me its salts, 1339. 

Osc. 3-lodo-2-nitro-1-naphthylamine, 1153. 

C,.H,0,N.Cl, yyy-Trichloro-a-nitro-B- p-nitrobenzoyloxypropane, 1531. 

GieeG N,Pd Dinitritodipyridylpalladium, 886. 

CuHLOWNS 2-Hydroxy-3-picryl-4-methy]- '2:3- dihydrothiazole, 1608. 

Dichlorodipyridylpalladium, 884. 

CLO 6:7-Methylenedioxy-3-methylquinazolinium iodide, 198. 

C,.H,N,CIS_ 9-Chloro-3:7-dimethylthiochromine, 1604. 
C,H, 10.8 .Cls yyy-Trichloro-a-nitro-8-p-toluidinopropane, 357. 
C,,H,,0 yyy-Trichloro-a-nitro-8-methylaminopropanal phenylhydrazone, 1694. 
C,H, s° 5-Bromo-1-methylbenzthiazole ethiodide, 1229. 
C,oH,,0,N,Cl, 585-Trichloro-f-nitro-y-phenylhydrazino-n-butane, 1532. 

yry- “Trichloro- -a-nitro-8-p-tolylhydrazinopropane, 357. 
Guells 3;0NS 2-Methylthiobenzodimethylamide, 1147. 

C,,H,,N,Cl.S 3-(6’-Amino-4’-ethylpyrimidy]-5’)-4-methylthiazolium chloride hydrochloride, 1561. 

130,N,Cu Copper bismethylethylglyoxime, 132. 

C.cHh O.N Ni Nic * bismethylethylglyoxime, 132. 

C,.H,,0,N,Ni Nickel methylethoxyglyoxime, 566. 
C,,H.,NCI §-Chloro-a-diethylaminopentane methiodide, 609. 


10 V 


C,.H,O,NCIBr, 1-Chloro-2:4-dibromo-8-nitronaphthalene, 1340. 
C,.H,0,NBr,I 2:4-Dibromo-1-iodo-8-nitronaphthalene, 1340. 
Geta 1-Chloro-4-bromo-8-nitronaphthalene, 1339. 
C,.H,0,NCII 1-Chloro-4-iodo-3-nitronaphthalene, 1502. 
C,.H,0,NBrI 4-Bromo-1l-iodo-8-nitronaphthalene, 1339. 
10H,,NCUS 5-Chloro-1-methylbenzthiazole ethiodide, 1228. 
C.,H,.0,N,Cl,Cu ed benzylmethylglyoxime dichloride, 131. 
C,,H,.N,C1,CoPt 1:6 ichlorobisethy enediaminocobaltic cyclohexenetrichloroplatinite, 1047. 


C,, Group. 
C,,H,, cis-9-Methyl-4*-octalin, 475. 
C,,H.. cis-9-Methyldecalin, 475. 


1a 
C,,H,0, apoXanthoxyletin, 632. 
C,,H,,0, xyapoxanthoxyletin, 632. 
5:7- ae coumarin, 1832. 
Tr. mene-4-carboxylic acids, 422. 
C,,H,,0 Dimethylhydrindones, 59. 

ono Ethyl allocinnamate, 405. 

2:5- ydroxy-6-allylacetophenone, 279. 
yx Me 5-allyloxyacetophenone, 279. 
2. O-Methylallyl-8-resorcylaldehydes, 278. 

C,,H,,.0, Dimethoxychroman-4-ones, 1833. 

: 6- ed eo een 1836. 
Hydroxy-4-By-epoxypropoxyacetophenone, 590. 
Met oxychroman-4-carboxylic acids, 421. 

Gutta, 3-Hydroxymethoxychroman-4-carboxylic acids, 422. 

C,,H B10 0, Methox xyphenoxyacetic-2-acetic acids, 421. 
2- tp 5-dimethylpropiophenone, 216. 
et. a-methyl propionic acids, 58. 

0,H,.0. B-3:4-Dimethoxyphenoxypropionic acid, 1833. 
a-3:5-Dimethoxyphenoxypropionic acid, 1836. 
B-3:5-Dimethoxyphenoxypropionic acid, 1834. 
2-Hydroxy-4-(By-dihydroxypropoxy)acetophenone, 590. 

‘i, Br m-tert.-Butylbenzyl bromide, 1450. 
“tert. -Butylbenzyl bromides, 301. 
Homocuminyl bromide, 674. 

C,,H,,0 Homocuminy] alcohol, 674. 

C,,H,,0, 4-tert.-Butoxyanisole, 1149. 
wee ep ny yl alcohol, 756. 

C,,H,.0, thyl ethyl B keto-a-acetyladipate, 1850. 

C,,H,,0, 1. Cather 3: 3-dimethylcyclohexane-1l-acetic anhydride, 1162. 

C,,H,,0, Dimethyl 1-methyl-4?-cyclohexene-1:2-dicarboxylate, 483. 

C,,H,,0, 2-Acetoxy-1-methylcyclohexane-1:2-dicarboxylic acid, 482. 
uH,,0, Hydroxymethylene-di-menthone, 1599. 

C,,H,,0, 3-Carbethoxy-1:3-dimethylcyclohexan-2-one, 1141. 

Ethyl 5-methylcyclopentanone-2-a-propionate, 620. 

Ethy] 2:2:4-trimethylcyclopentan-1-one-4-carboxylate, 1853. 
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C,,H,,0, 1-4*’-Butenylpimelic acid, 475. 
1-Carboxy-3:3-dimethylcyclohexane-l-acetic acid, 1162. 
3-Carboxy-1:3-dimethylcyclohexane-2-acetic acid, 1142. 
Dimethoxy-2:2:3:3-tetramethylcyclopentanediones, 273. 
1-Methyleyclohexane-1:2-diacetic acids, 475. 

€,,H,,0 1-Methyl-2-4*-butenylcyclohexanol, 475. 
2-Methy]-1-4*’-butenylcyclohexanol, 478. 

C,,H,,0, Undecenoic acid, addition of hydrogen chloride and iodide to, 1605. 

C,,H.,.0, aa-Dimethyl-a’-n-amylsuccinic acid, 1447. 
cis-a-Methyl-a’-n-amylglutaric acid, 1447. 

C,,H.,0, 3:6-Dimethyl acetone glucose, 1554. 
tsoPropylidene-2-methyl y-methylglucosides, 186. 

C,,H,,0 Dibutylvinylearbinol, 402. 

C,,H,.0, 3-Hydroxymethyl-2-8-hydroxyethy]-1:3-dimethylcyclohexane, 1142. 





1l 


C,,H,O,N, Dinitro-1:8-methylenedioxynaphthalenes, 559. 
C,,H,NC] 8-Chloro-l1-naphthonitrile, 334. 
C,,H,0,N, ee 1-methoxynaphthalene, 558. 
Dinitro-1-hydroxy-8-methoxynaphthalenes, 558. 
C,,H,.N.S 2-Amino-8-naphthathiazole, 1669. 
C,,H,0,C1 a-p-Chlorophenylglutaconic acid, 1776. 
C,,H,0,Cl, 2-Acetoxy-5-8p8-trichloro-a-hydroxyethylbenzoic acid, 554. 
C,,H,,0,N 4°-Butenyl p-nitrobenzoate, 263. 
C,,H,,0,N, 6:7-Methylenedioxy-4-nitromethy]-3-methyl-3:4-dihydroquinazoline, 199. 
C,, Hay ar-Tetrahydro-a-naphthylthiocarbimide, 1671. 
C,,H,,N,I 3-Allylquinazolinium iodide, 197. 
C,,H,,ON Vasicine, structure of, 196. 
C,,H,,ON, 4-Hydroxy-3-allyl-3:4-dihydroquinazoline, 197. 
asicine, electrolytic reduction of, 686, 1570. 
C,,H,,0.N, 2:4-Diamino-1-hydroxy-8-methoxynaphthalene, hydrochloride of, 559. 
C,,H,.N.S 2-Amino-5:6:7:8-tetrahydro-8-naphthathiazole, 1671. 
C,,H,,0.N 48-Butenyl phenylurethane, 263. 
C,,H,,0,C1 Methyl a-chloro-y-phenoxypropy] ketone, 1558. 
C,,H,,0,Br -2-Bromo-5-methylbenzylpropionic acid, 60. 
C,,H,,0,N Acetoxypropionanilides, 307. 
C,,H,;0,Cl w-Chloro-3:4:5-trimethoxyacetophenone, 589. 
C,H, Cytisine, synthesis of local anesthetics from, 1774. 
C1 HNS ar-Tetrahydro-a-naphthylthiourea, 1671. 
C,H, 5 y-m-Ethoxyphenylpropy] chloride, 757. 
C,,H,,0,.N Ethyl 2-cyano-1-methy!-4?-cyclohexene-l-carboxylate, 483. 
C,,H,.0,N, 2-Hydroxy-4-(By-dihydroxypropoxy)acetophenone hydrazone, 590. 
C,,H,.0, N, 6-Acetyl acetone glucose 3:5-dinitrate, 1554. 
C,,H.,0,N 1-Carboxy-3:3-dimethylcyclohexane-1-acetimide, 1162. 
Cub ON Ethyl 1-cyano-2-methylcyclohexanol-2-carboxylate, 482. 
C,, Hy 2-4*’.Butenylcyclohexanone semicarbazone, 474. 
C,,H,,0.N aa-Dimethyl-a’-n-amylsuccinimide, 1448. 
a-Methyl-a’-n-amylglutarimide, 1448. 
C,,His 1-Carboxy-3:3-dimethylcyclohexane-l-acetamic acid, 1162. 
C,,H,,0,C1 Ethyl hydrogen azelate chloride, 903. 
Methyl hydrogen sebacate chloride, 904. 
C,,H,,0,N, Ethyl acetylmethylmalonate semicarbazone, 1808. 
a: ls) 10- and 11-Chloroundecoic acids, 1605. 
C,,H,,0.I 10- and 11-Iodoundecoic acids, 1606. 
C,, Hs B-Chloroethyldibutylcarbinol, 402. 


11 IV 


C,,H,NCIS 2-Chloro-8-naphthathiazole, 1670. 
C,,H,ONS 2-Hydroxy-f-naphthathiazole, 1670. 

- Cyanonaphthalenesulphonic acids, salts, 1741. 
C,,H,N,BrS 4-Bromo-2-amino-f-naphthathiazole, 1669. 





C,,H,0,N,Cl, -Trichloro-a-nitro-B-acetoxypropanal 2:4-dichlorophenylhydrazone, 1693. 


C,,H,O,N,Cl 4-Chloro-2-nitromethy]-1-naphthylamine, 1502. 

C,,H,0O,N,Cl, yyy-Trichloro-a-nitro-B-acetoxypropanal p-chlorophenylhydrazone, 1693. 

C,,H,0,N,Cl, yyy-Trichloro-a-nitro-B-acetoxypropanal p-nitrophenylhydrazone, 1693. 

C,, HN. 4-Bromo-a-naphthylthiourea, 1669. 

C,,H,,0,NCl, yyy-Trichloro-a-nitro-B-acetoxy-a-phenylpropane, 1295. 

C,,H,.0,N;Cl; yvy-Trichloro-a-nitro-B-acetoxypropanal Laer fin a 1693. 
yyy-Trichloro-a-nitro-8-phenylcarbamylmethylaminopropane, 1530. 

C,,H,,0.N,Ci, 555-Trichloro-f-nitro-y-p-toluidino-n-butane, 1531. 

yy8-Trichloro-a-nitro-8-phenylhydrazinopentane, 358. 


C.,H,.0.N,S ? N-(B-p-Toluenesulphonamidoethy])ethylenediamine, and its dihydrochloride, 1519. 
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11 V 


CaS 3 {6'-Amino-¢'-mothyipyzimidyl-0)-4-mathyt 5p nydeonyotigyuhinnsiom chloride hydro- 
chloride, . 


C,, Group. 
C,,H,, Diphenyl, dipole moment of, in polar solvents, 487. 


120 

C,,H,N, Dicyanonaphthalenes, 1739. 

C,,H,Cl, 4:4’-Dichlorodiphenyl, dipole moment of, in polar solvents, 487. 

C,,H,,0, Acenaphthylene glycol, preparation of, 336. 

C,.H,,0, 7-Acetcxy-6-methylcoumarin, 1831. 

C,,H,,0, 5:7-Dimethoxycoumarin-3-carboxylic acid, 1832. 

C,.H,,0 4-Methoxy-1-methylnaphthalene, 189. 

C,.H,,0, 2:5:8-Trimethylchromone, 427. 
2:6:8-Trimethylchromone, 216. 

C,,H,,0, Deoxyapoxanthoxyletin methyl ether, 633. 
6-Methoxy-2-methylcoumarone-3-acetic acid, 1836. 
B-(3:4-Methylenedioxybenzyl)butyrolactone, 351. 

C,.H,,0, Toxicaric acid, 213. 

C,,H,,N, 3:2’-Diaminodiphenylamine, and its dihydrochloride, 1616. 
3:3’-Diaminodiphenylamine, 91. 

C,.H,,0, ay-Dimethylallyl benzoate, 583. 

C,.H,,0, Allylrespropiophenones, 277. 
2-Hydroxy-w-acety -3:5-dimethylacetophenone, 216. 
5-Hydroxy-2-methoxy-6-allylacetophenone, 280. 
2-Methoxy-5-allyloxyacetophenone, 280. 

C,.H,,0, 4:6-Dimethoxy-2:5-dimethylcoumaranone, 1837. 
5:7-Dimethoxy-8-methylcoumarin, 633. 

Ethyl 4-0O-allyl-8-resorcylate, 280. 
4-Ethylresorcinol diacetate, 280. 
Methylbenzylmethylmalonic acids, 58. 

C,.H,,0, Netoric acid, 214. 

C,.H,,N, 4-Aminodimethyl-l-naphthylamine, and its salts, 1501. 
5-Aminotetrahydrocarbazole, 900. 

C,.H,,0 (—)Benzyl ay-dimethylallyl ether, 583. 


per, oe tsopropyl ketone, 675. 


aaa’a’-Tetramethylphthalan, 1116. 
C,,.H,,0, 2-Hydroxy-3:5-dimethyl-n-butyrophenone, 216. 
C,,.H,,0, y-m-Ethoxyphenylbutyric acid, 757. 
O-Ethyleugenol oxide, 1000. 
3-n-Propylrespropiophenone, 277. 
12H,,0, a-3:5-Dimethoxy-4-methylphenoxypropionic acid, 1837. 
C,.H,.N, Octahydrophenazines, and their salts, 259, 1700. 
C,,H,,0, Ethyl ee ee 754. 
12H.,0, 1-Acetonyl-4-methylcyclohexane-1-acetic acid, and its silver salt, 572. 
C,,H,.0, Ethyl 1-isopropyleyclopropane-1:2-dicarboxylate, 828. 
C,,H,,.0,, Cellobiose, addition compound of, with potassium hydroxide, 1766. 
Lactose, addition compound of, with potassium hydroxide, 1767. 
C,,.H,.N, Perhydrophenazines, 170. 


12 


C,,H,O,N, Dinitrodiphenylene dioxide, 1244. 
C,.H,0,Cl 7-Chloro-1-naphthol-2:4-dicarboxylic acid, 1776. 
C,,H,O,Br 7-Bromo-l-naphthol-2:4-dicarboxylic acid, 1776. 
C,,H,BrS 3-Bromodiphenylene sulphide, 1437. 
C,,H,O,N, Dinitro-1-hydroxy-8-acetoxynaphthalenes, 558. 
Cc, s ee ee 1341. 
C,,H,O,C1 Methyl chloronaphthoates, 334. 
C,,H,0,N, 3:3’. Dinitrodiphenylamine, 91. 
C,,H,O,As Diphenylene oxide-arsonic acids, and their salts, 1237. 
C,,H,O,N, 2:3-Dinitroaceto-l-naphthalide, 1153. 
4:8-Dinitroaceto-1-naphthalide, 1338. 
C,,H,,0.N 2 y-P. hthalimidobutyronitrile, 354. 
CisHioOeN, ee ee 1152. 
initro-1:8-dimethoxynaphthalenes, 558. 
C,,H,,0,N, Nitro-N-acety poe el 1764. 
C,,H,,0,N Methyl 3:4-methylenedioxy 1-a-cyanoacetate, 729. 
C,,H,,0,As p-Phenoxyphenylarsonic acid, 1238. 
C,,.H,,0,N, p-Nitrobenzylpyridinium nitrate, 240. 
C,,H,,0,Cl, Methyl 2-acetoxy-5-888-trichloro-a-hydroxyethylbenzoate, 555. 
C,,.H,,0,N, 1-Nitrodimethyl-2-naphthylamine, 1503. 
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C,,H,,0,N, Benzylpyridinium nitrate, 240. 

y-Phthalimidobutyramide, 353. 
C,.H, NCI Nae ae ae lamine, and its salts, 1501. 
C,.H,,0ON, Nee 8 pen enediamine, and its stannichloride, 1764. 
C..H.,0.N ay-Dimethylallyl nitrobenzoates, 583. 

Nitroquinol diallyl ether, 281. 
C,,H,;0,Br 2-Bromo-5-methylbenzylmethylmalonic acid, 60. 
2H,,0,N, Dinitrosooctahydrophenazines, 261. 
12HyN2S s-ar-Tetrahydro-a-naphthylmethylthiourea, 1671. 
C,.H; 50 Ai mer i ran nitrile, 757. 
C,,.H,;ON, 2:4-Dimethylhydrindone semicarbazone, 59. 
O1sH105N a-Benzoylisovaleramide, 1480. 
C,,.H,,ON, Methyl ar ketone phenylsemicarbazone, 736. 
C,,H,,0,N Ethyl 2-methy 
C,,H,,0.N, 2-Methoxy-3:5-dimethylacetophenone semicarbazone, 215. 
C,:H,,0,N Ethyl £5-dimethylpentane-af$-tricarboxyimide, 1853. 
C,,.H,.O,Br, Ethyl ees 9 ne a 595. 
C,,H.,0;N; 3-Carbethoxy-1:3-dimethylcyclohexan-2-one semicarbazone, 1141. 
thyl 2:2:4-trimethylcyclopentan-1-one-4-carboxylate semicarbazone, 1853. 
C,,H,,0,Cl Ethyl hydrogen sebacate chloride, 904. 
C,,.H,,0,N red i eg in amg 1027. 
Methyl] piperidino-2-acetate-1-8-propionate, 1430. 

C,,H,,0,Br Ethyl a-bromo-a-isopropylglutarate, 596. 

1gH.30.Tl Di-n-propylthallium propionylacetone, 1682. 
C{H.,ON -Piperidinotriethylcarbinol, 402. 
C,,H,,ON, /-Menthylglycinehydrazide, 1224. 

d-neoMenthylglycinehydrazide, 1225. 


1 


yclohexylidenecyanoacetate, 419. 


12 IV 


C,,H,O,Br,S 2:7-Dibromodiphenylenesulphone, 1437. 
C,,H,O,N,S 2:7-Dinitrodiphenylenesulphone, 1437. 
C,,H,O,NS 3-Nitrodiphenylene sulphide, 1436. 
C,,.H,O,NS 3-Nitrodiphenylenesulphone, 1437. 
C,,H,O,N,S 2:4-Dinitrophenyl 3-nitrobenzenesulphonate, 1678. 
C,.H,ONBr, 5:7:8-Tribromoaceto-1-naphthalide, 1340. 
C,,.H,O,N,Br, 2:4-Dibromo-8-nitroaceto-l-naphthalide, 1339. 
C,,.H,O,N.Pd Oxalatodipyridylpalladium, 885. 
C,,H,0,N,S Nitropheny!l 3-nitrobenzenesulphonates, 1678. 
C,,H,C1,8,Cd Bis-(1-chloro-3:4-dithiolbenzene)cadmium, diquinine dihydrogen salt, 180. 
C,,.H,C1,8,Hg Bis-(1-chloro-3:4-dithiolbenzene)mercury, diquinine dihydrogen salts, 179. 
C,.H,C1,8,Zn Bis-(1-chloro-3:4-dithiolbenzene)zinc, diquinine dihydrogen salt, 180. 
C,,.H,0. 2-Keto-1-methy]-1:2-dihydro-8-naphthathiazole, 1670. 
2-Methoxy-f-naphthathiazole, 1671. 
C,,H,OC],As p-Phenoxyphenyldichloroarsine, 1238. 
C,,H,O,N.Cl 3-Chloro-2-nitroaceto-l-naphthalide, 1153. 
C,,H,O,N.Br 3-Bromo-2-nitroaceto-l-naphthalide, 1153. 
4-Bromo-8-nitroaceto-l-naphthalide, 1339. 
C,,.H,O,N. 3-Iodo-2-nitroaceto-1-naphthalide, 1153. 
C,,.H,O Nitrohydroxydiphenylsulphones, 220. 
Phenyl] 3-nitrobenzenesulphonate, 1677. 
C,,H,O,N,8 3:3’-Dinitro-4-aminodiphenylsulphone, 221. 
C,,H,O,N,S Benzenesulphon-2’:4’:6’-trinitrophenylhydrazide, 586. 
C,,H,,0,N.S 3-Nitro-4-aminodiphenylsulphone, 220. 
C,.H,,O,ClAs p-Chloro-p’-arsonodiphenyl ether, 1239. 
C,,H,,O,BrAs p-Bromo-p’-arsonodipheny] ether, 1238. 
C,.H,,O,N,S Benzenesulphon-2’:4’-dinitrophenylhydrazide, 586. 
C,.H,,ONS Methyl a-naphthylthioncarbamate, 1670. 
C,,H,,ON 3-Chloro-1-N-acetyl-1:2-naphthylenediamine, and its stannichloride, 1763.. 
C,.H,,0,N,Cl 4-Chloro-2-nitrodimethyl-1-naphthylamine, 1502. 
C,.H,,0,N,Cl, yyy-Trichloro-a-nitro-8-acetoxypropanal tolylhydrazones, 1693. 
1214 Thiochrome, synthesis of, 1601. : 
C,,.H,,0,NC] Ethyl £-chloroanilinocrotonates, 858. 
C,,H,,0,N,Cl, yyy-Trichloro-a-nitro-8-phenylcarbamylethylaminopropane, 1530 


C,,.H,,0 yy6-Trichloro-a-nitro-8-p-toluidinopentane, 357. 
C,H. Fm een ree tt Se eee pan 1671, 
C,.H,,0, l-(—)a-Ethoxy-N-p-toluenesulphonylpropionamide, 308. 


C,,H,,0,N,As Methylethyl-n-propylhydroxyarsonium picrate, 266. 
C.,H.,N.BrAu Eth heotiondbests a bromide, 326. 
C, ,H50C,P.: dichlo 


1 Dichlorobis(triethylphosphine)-p- rodi ium, 883. 
C, Dichlorobis(triethylarsine)-y-dichloro ium, 884. 
C, ’ Tetrakis(iodotrimethylarsinecopper), 1508. 
12V 


C,,H,.O,N,CIS 3-Chloro-4:6-dinitrophenyl Ye ee emeniane 1678. 
C,,H,0O,N,BrS 3-Bromo-4:6-dinitrophenyl 3-nitrobenzenesulphonate, 1678. 
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C,,H,O,N;FS 3-Fluoro-4:6-dinitrophenyl 3-nitrobenzenesulphonate, 1678. 

C,.H,0,N,CIS 4-Chloro-3:3’-dinitrodiphenylsulphone, 221. 

C,.H,O,N.CIS 3-Chloronitropheny] 3-nitrobenzenesulphonates, 1677. 

C,.H,0,N,BrS 3-Bromonitrophenyl 3-nitrobenzenesulphonates, 1677. 

C,.H,0,N,IS 3-lodonitrophenyl 3-nitrobenzenesulphonates, 1677. 

C,.H,0,N.FS 3-Fluoronitrophenyl 3-nitrobenzenesulphonates, 1677. 

C,,H,ONCIBr, 8-Chloro-5:7-dibromoaceto-1-naphthalide, 1340. 

C,.H,0,N.Br,8 2:4-Dibromobenzenediazonium sulphinate, 1244. 

€,.H,O,NCIS Chloronitrodiphenylsulphones, 221. 

C,,.H,O;NCIS 3-Chlorophenyi 3-nitrobenzenesulphonate, 1677. 
12H,O,NBrS 3-Bromophenyl 3-nitrobenzenesulphonate, 1677. 

C,,H,O;NIS 3-Iodophenyl 3-nitrobenzenesulphonate, 1677. 

C,,H,O,NFS_ 3-Fluorophenyl 3-nitrobenzenesulphonate, 1677. 

2:4-Dibromobenzenesulphonanilide, 1242. 
Benzenesulphony1-2:4-dibromophenyihydrazine, 1244. 

( Benzenesulphonyl-4-bromophenylhydrazine, 1244. 

C,.H,,ON, 9-Chloro-3:7-dimethyl-2-8-hydroxyethylthiochromine, 1604. 

CtneEe 210 ~fanine- 0 atiigiggeninyhS }-4-eneinge ip apna enguanetaED chloride hydro- 

chloride, 3 
C,.H,,NC1,PPd Dichloromonoamminobutylphosphinepalladium, 888. 
€,,.H,,N,Cl,PPd Triammino-n-butylphosphinepalladium dichloride, 888. 


C,, Group. 


€,,;H,, 2:3-Benz-1:3:3-bicyclo-4*-nonene, 67. 
Hexahydrofluorene, 71. 
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€,;H,,.0 Acenaphthene-3-aldehyde, 344. 
€,;H,,0, 2:3-Dihydroxybenzophenone, 348. 
C,;H,.0, Methyl hydrogen naphthalene-1:2-dicarboxylate, 1741. 
2:3:4’-Trihydroxy benzophenone, 348. 
C,;H,,0, 5:7-Dihydroxycoumarin, 1832. 
13f,,N, Diaminoacridines, 92, 1614. 
C,,H,,Na Benzhydrylsodium, syntheses with, 412. 
C,,H,,0 Dimethylnaphthaldehydes, 343. 
€,,;H,,01 a-1-Naphthylisopropyl chloride, 61. 
C,,H,,0 2:3-Benz-1:3:3-bicyclo-4*-nonen-4-one, 67. 
Hexahydrofluorenone, 71. 
a-1-Naphthylisopropyl alcohol, 61. 
2:3:6:8-Tetramethylchromone, 216. 
€,,;H,,0, Benzylcyclohexane-2:6-dione, 51. 
6:8-Dimethyl-2-ethylchromone, 217. 
3’-Hydroxy-2:3-benz-1:3:3-bicyclo-4?-nonen-4-one, 68. 
B-Methoxy-1-naphthylethyl alcohols, 188, 190. 
2:3:5:8-Tetramethylchromone, 427. 
C,;H,,0, a:a:4-Trimeth Iphthalide-3-acetic acid, 291. 
C,;H,,0, 2-Acetoxy-4-By-epoxypropoxyacetophenone, 591. 
4:6- Dimethoxy-2-methylcoumarone-3-acetic acid, 1837. 
Ethyl 3-hydroxymethoxy-4*-chromene-4-carboxylates, 421. 
€,;H,,.0, ayy-Trimethylallyl benzoates, 1433. 
13H,,0, 2:5-Dimethoxy-6-allylacetophenone, 279. 
6-Ethoxy-f-tetralone, 756. 
2-Methoxy-:3:5-trimethylcinnamic acid, 215. 
Py oe eee. 277. 
C,,H,.0, Methyl y-hydroxy-8-(3:4-methylenedioxybenzyl)propyl ketone, 351. 
C,;H,,0, Bihy! 8 -hydroxymethoxychromen-4-carboxylates, 421. 
B-3-Methoxy-4-ethoxybenzoylpropionic acid, 1001. 
2:4:6-Trimethoxy-3-methylcinnamic acid, 633. 
C,,H,,0, w-Acetoxy-3:4:5-trimethoxyacetophenone, 589. 
C,,;H,,Cl 2-Benzylhexahydrobenzoic acids, 78. 
C,,H,,Br 1-Bromo-2-benzylcyclohexane, 78. 
Ci9H,0 2-Benzylcyclohexanol, 69. 
nzylcyclopentylcarbinol, 75. 


C,,H,,0, Ethyl ANE me 756. 


C,,H,,0, Ethyl a-3:5-dimethoxypropionate, 1836. 

2:4:6-Trimethoxy-3-methyldihydrocinnamic acid, 633. 
C,;H,.N, Lea I re we 5 mm 901. 
€,;H,,0, Ethyl 2-4*-butenylcyclohexanonecarboxylates, 474. 

f-Phenylglycerol ay-diethyl ether, 1367. 

Acid, from oxidation of a-cyperone, 672. 

Substance, from ozonolysis of calciferol, 907. 191 

0 











dro- 
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C,;H0s a 3-carbethoxy-1-methylcyclopentan-2-one-3-acetate, 1623. 
Ethyl 1-methylcyclohexan-2-one-3:4-dicarboxylate, 1624. 
Ethyl 4-methylcyclopentanone-2-carboxylate-2-acetate, 620. 

C,;H..0,; Methyl 1-acetonylmethylcyclohexane-1l-acetates, 572. 

C,;H,,0, Ethyl 1-methylcyclohexane-1:2-dicarboxylate, 476. 


13 Il 
C,;H,NCl, 1:3:5-Trichloroacridine, 1548. 
C,,H,0,N, 2:6-Dinitroacridone, 91. 
Dinitroacridones, 1616. 
C,;H,0,.N; 2:4:6:2’:4’-Pentanitrodiphenylmethane, 1479. 
H.ND, a-Pentadeuterophenylbenzylamine, and its salts, 809. 
C,,;H,OC1 9- Fhessthenntgl eibietia, 406. e 
13 3 pp’-Dinitrobenzophenoneoxime, 452. 
C,;H,0;Cl 7-Chloro-1-methoxynaphthalene-2:4-dicarboxylic acid, 1776. 
C,,H,0,Br 7-Bromo-1-methoxynaphthalene-2:4-dicarboxylic acid, 1776. 
C,;H,O,N, 5:5’-Dinitrodiphenylamine-2-carboxylic acid, and its silver salt, 90. 
7 acids, 1615. 
C,,H,NC], Benzochloroanilide imidochlorides, 430. 
C,,H,NS p-Xenylthiocarbimide, 1671. 
C,,H,N.Cl 2-Chloro-5-aminoacridine, 1617. 
C,;H,,0,N, 2:4-Dinitro-8-acetoxy-1-methoxynaphthalene, 558. 
C,;H,.NS 1-Amino-5-phenylbenzthiazole, 1671. 
C,;H,oN.8, 2:3-Dithiosulphindene phenylhydrazone, 1146. 
C,;H,,ON Acenaphthene-3-aldehyde oxime, 344. 
C,,;H,,ON, Diaminoacridones, 1618. 
C,,;H,,0,N, 5-Nitro-6’-aminodiphenylamine-2-carboxylic acid, hydrochloride of, 1616. 
C,;H,,.N.Br, 3:3’-Dibromo-4:4’-diaminodiphenylmethane, and its dihydrochloride, 316. 
C,,H,.N.S p-Xenylthiourea, 1617. 
C,,H,,0N Dimethylnaphthaldehyde oximes, 343. 
C,;H,,;0Br §-Methoxy-1l-naphthylethyl bromides, 189. 
C,;H,,0,N 3’-Nitro-2:3-benz-1:3:3-bicyclo-4?-nonen-4-one, 68. 
C,;H,,;0,N «-Cyano-8-3-methoxy-4-ethoxyphenylacrylic acid, 1000. 
C,;H,,0.N, 7-Nitro-9-methyltetrahydrocarbazole, 901. 
C,;H,,0,N, 4-Acetonyl-6:7-methylenedioxy-3-methyl-3:4-dihydroquinazoline, picrate of, 199. 
C,;H,,0;8 Benzylcyclohexanesulphonic acid, 51. 
C,,H,,.N,Br, 3:3’-Dibromo-4:4’-dihydrazinodiphenylmethane, and its dihydrochloride, 316. 
C,,H,,;ON 3’-Amino-2:3-benz-1:3:3-bicyclo-4?-nonen-4-one, 68. 
2:3-Benz-1:3:3-bicyclo-4?-nonen-4-one oxime, 67. 
Hexahydrofluorenone oxime, 71. 
C,;H,,0,Br p-Bromophenacy] valerate, 1484. 
C,,H,,0,N a«-Cyano-8-3-methoxy-4-ethoxyphenylpropionic acid, 1000. 
Methyl 3:4-dimethoxybenzyl-a-cyanoacetate, 728 
C,;H,,0,N a-Benzoyl-y-methylvaleramide, 1480. 
C,;H,,0,Cl -Chloroethyl y-m-methoxyphenylpropy] ketone, 749. 
13—,,0,N, isoAmy]l o-nitrobenzylidenehydrazinecarboxylate, 1050. 
C,;H,,0N, 1-Anilino-3-methylcyclopentane-l-carboxyamide, 1676. 
C,;H,,0,N, isoAmyl benzylidenehydrazinecarboxylate, 1050. 
Ethy 1-cyanomethylcyclohexane-1-a-cyanoacetates, 418. 
N-B-Hydroxyethylcystine, 1774. 
0. HsO,N, tsoAmyl o-hydroxybenzylidenehydrazinecarboxylate, 1050. 
C,;H,,0 o-Methylbenzyl isopropyl ketone semicarbazone, 675. 
C,,H,,0,N B-Hydroxy-f-phenyl-a-isobutylpropionamide, 1481. 
C,;H,,0.N, 4-Methylcyclohexane-1:4-spiro-2’-hydroxy-6’-keto-5’-cyano-2’-methylpiperidine, 572. 
C,;H,,.0;N, Methyl galactose phenylhydrazone, 642. 
C,;H,,0,N, 1-Acetonyl-4-methylcyclohexane-1l-acetic acid semicarbazone, 572. 


13 IV 


C,,H,OND, Pentadeuterobenzophenoneoxime, 809. 

C.,H,0,N,Cl 5-Chlorodinitroacridines, 91. 

C,,H,ON Trichlorodiphenylamine-2’-carboxylic acid chlorides, 1164. 

C,;H,0,N. 5-Chloro-2-nitroacridine, 1617. 

GH O.N,S 2:4-Dinitro-5-formylphenthrazine, 1609. 

C,,;H,ONCI, 2:5. Dichlovedishenylantine-$ catbeugile acid chloride, 1165. 

C,;H,0,NCl, Trichlorodiphenylamine-2’-carboxylic acids, 1164. 

C,,;H,0,N,S 1-Hydroxy->-picryl-1:2-dih drobenzthiazole, 1608. 

Cc, sCl, pp’-Dichloronitroformazyl, 1694. 

Cor oy 2-Acetamido-f-naphthathiazole, 1669. 

C,;H,,0,N.S a ee iobenzamide, 330. 

C,;H,,0,N,S 2-0-Nitrobenzenesulphonylbenzamide, 331. 

C,;H,,0 2-Ethoxy-8-naphthathiazole, 1670. 

C,;H,,0,NS Nitro-4’-methyldiphenylsulphones, 220. 

Oral 0S eet | 220. 
G 
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C,;H,,0,N,8 3:3’-Dinitro-4-amino-4’-methyldiphenylsulphone, 221. 
Dinitroamino-4’-methyldiphenylsulphones, 220. 

C,;H,,0,N.S Benzenediazonium p-toluenesulphinate, 1243. 

C,;H,,0,N.8 Benzenesulphonbenzoylhydrazide, 585. 

C,;H,,0,N.S 3-Nitro-4-amino-4’-methyldiphenylsulphone, 220. 

C,;H,,0,N,Cl,; yyy-Trichloro-a-nitro-8-diacety]-2:4-dichlorophenylhydrazinopropane, 357. 

C,;H,;0,N,Cl, yy5-Trichloro-a-nitro-8-acetoxypentanal p-chlorophenylhydrazone, 1694. 
yyy-Trichloro-a-nitro-B-diacetyl-p-chlorophenylhydrazinopropane, 357. 

C,;H,;0,N,Cl, yy5-Trichloro-a-nitro-B-acetoxypentanal p-nitrophenylhydrazone, 1694. 

C,,;H,,0,N,Cl, yy Sdshines-«-tline b-ghausashemaleneeminn ropane, 1531. 

C,;H,,0,N,Cl, yyé-Trichloro-a-nitro-B-acetoxypentanal phenyihrydwasone, 1693. 
yyy-Trichloro-a-nitro-8-diacetylphenylhydrazinopropane, 357. 

C,,H,,0,N,S8, isoAmyl] 1-keto-2:3-dithioindenehydrazone-B-carboxylate, 1147. 

C,,;H,,0,N;,Cl, yy5-Trichloro-a-nitro-8-acetylphenylhydrazinopentane, 358. 

-Trichloro-a-nitro-8-phenylcarbamylmethylaminopentane, 1531. 
C,;H,,0,N,Cl, 85¢-Trichloro-f-nitro-y-p-toluidino-n-hexane, 1531. 


. 13 V 
C,;H,O,N.CIS 4-Chloro-3:3’-dinitro-4’-methyldiphenylsulphone, 221. 
C.:H,.0.NBr.s 2:4-Dibromobenzenediazonium otalanamniahinnte, 1242. 
C,,;H,,0,N Chloronitro-4’-methyldiphenylsulphones, 221. 
C,;H,,0,N,.BrS 4-Bromobenzenediazonium p-toluenesulphinate, 1243. 
C,,;H,,0,N,Br.8 p-Toluenesulphonyl-2:4-dibromophenylhydrazine, 1242. 
C,,H,,0,N.B p-Toluenesulphonyl-4-bromophenylhydrazine, 1243. 


C,,;H,,0,N.BrS Ym mn ttn ae p-toluenesulphonate, 1243. 
C,;H,,N,C1,CoPt 1:6-Dichlorobisethylenediaminocobaltic indenetrichloroplatinite, 1047. 


C,, Group. 


C,,H,, Anthracene, electrolytic reduction of, 206. 

C,,H,, Hexahydrophenanthrene, 77. 

C,,H,, 1-Benzyl-2-methyl-4!-cyclohexene, 66. 

1417 

C,,H,Cl, 2:2’-Dichlorotolan dichloride, 338. 

C,,H,,O0 Fluorene-2-aldehyde, 345. 

C,,H,,0, 3-Aldehydo-4-methoxydiphenyl, 805. 
1-Keto-9-hydroxy-1:2:3:4-tetrahydrophenanthrene, 192. 

C,,H,,0, Xanthyletin, 1829. 

C,,H,,.0, Methyl. naphthalene-2:3-dicarboxylate, 1744. 

C,,H,.N, 1-Methylaminoacridine, 609. 

C,,H,,0 4-Hydroxy-2:2’-dimethyldiphenyl, 322. 

C,,H,,0, Dihydroxanthyletin, 1829. 
B-Phenyl-a-methyl-y-ethylglutaconic acid, 1806. 

C,,H,,0, a-Acetyl-f-(3:4-methylenedioxybenzyl)butyrolactone, 351. 

C,,H,,O Hexahydroanthrones, 79. 
9-Keto-octahydrophenanthrene, 77. 

C,,H,,0, 2-Phenyl-4!-cyclohexenylacetic acid, 77. 
2:5:8-Trimethy]-3-ethylchromone, 427. 
2:6:8-Trimethyl-3-ethylchromone, 216. 
4:6:8-Trimethyl-3-ethylcoumarin, 216. 

C,,H,.0, 2-Methoxy-4-allyloxystyryl methyl ketone, 278. 

C,,H,,.0; 4:6-Dimethoxy-2:5-dimethylooumatone-3-acetic acid, 1837. 

C,,H,,.0, §-(3:4:5-Trimethoxybenzoyl)malonic acid, 589. 

C,,H,,0 9-Hydroxyoctahydrophenanthrene, 77. 
1-(4’-Methoxy-m-tolyl)-d"-oye hexene, 323. 

C,,H,,0, 4-Ethylresorcinol diallyl ether, 280. 
w-cycloHexyl-o-toluic acid, 80. 
2-Phenylcyclohexylacetic acid, 77. 

C,,H,,0, Allylrespropiophenone dimethyl ethers, 277. 

2 -Methoxy-a:f:3:5-tetramethylcinnamic acid, 215. 

2-Phenylcyclohexanol-l-acetic acid, ethyl ester, 76. 
C,,H,,0, «-Benzylpimelic acid, 69. 

Ethyl a-2-pherioxyethylacetoacetate, 1556. 

C,,H,,0, Ethyl 3-methoxy-4-ethoxybenzoylacetate, 1000. 
Ethyl phenoxyacetic-2-acetate, 426. 

C,,H,,0, Ethyl 3-hydroxy-6:7-dimethoxychroman-4-carboxylate, 213 

14HyN, 1-Anilino-l1-cyanomethylcyclohexanes, 1159. 

C,,H,.N 6-Ethylhexahydrocarbazole, 1298. 
7-Ethylhexahydrocarbazole, 41. 

C,,H,.0 3-Phenyl]-2:2:5:5-tetramethyltetrahydrofuran, 1116. 
1-0-Tolyl-2-methylcyclohexanol, 321. 

C,,H,,.0, Ethyl 2-keto-4-methyl-4**-octalin-10-carboxylate, 1627. 

C,,H,.0, 3-Phenyl-2:5-dimethylhexane-2:5-diol, i ore 
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C,,H..0, Ethyl 5-methylcyclopentanone-2-carboxylate-2-a-propionate, 620. 
Ethyl Sok dalenstnglagelopentan-l-ene-4eb-dlecmbanyiate, 1853. 
C,,H.,0, Ethyl a-carbethoxy-af-dimethylglutaconate, 1808. 
C,,H,,0,; Ethyl 1-acetonylmethylcyclohexane-1l-acetates, 572. 
C,,H..0, Un ecoin, 1634. 
14 
2-Bromo-1:3-dihydroxyanthraquinone, 1843. 
4-Chlorobenzil, 94. 
4-Bromobenzil, 94. 
Nitro-3-phenylphthalaz-4-ones, 312. 
2-(3’-Bromo-2’:4’-dihydroxy benzoyl)benzoic acid, 1843. 
Malein-8-nitro-a-naphthylamic acid, 1847. 
Dinitro-1:8-diacetoxynaphthalene, 560. 
Glyoxal 2:4-dinitrophenylhydrazone, 824. 
Fluorene-2-aldehyde oxime, 345. 
Amino-3-phenylphthalaz-4-ones, 312. 
C,,H,,0,C1 Chloromethoxybenzophenones, 1861. 
C,,H,,0.Br Bromomethoxybenzophenones, 1861. 
C,,H,,0.F Fluoromethoxybenzophenones, 1861. 
C,,H,,0;N Malein-a-naphthylamic acid, 1846. 
C,,H,,0,N Nitromethoxybenzophenones, 1861. 
C,,H,,0,N, 0o-Carboxybenzaldehyde nitrophenylhydrazones, 312. 
C,,H,,0,N, o-Tolualdehyde 2:4-dinitrophenylhydrazone, 353. 
C,,H,,0,N, 2:3-Dinitro-N N’-diacetyl-1:4-naphthylenediamine, 1152. 
14H,.N,$ 1-Imino-5-phenyl-2-methyl-1:2-dihydrobenzthiazole, 1671. 
1-Methylamino-5-phenylbenzthiazole, 1671. 
1-Phenylimino-2-methylbenzthiazoline, 507. 
C,,H,,ON, Acenaphthene-3-aldehyde semicarbazone, 344. 
C,,H,,0,N, 3-Nitro-N N’-diacetyl-1:2-naphthylenediamine, 1763. 
C,,H,,N.S s-p-Xenylmethylthiourea, 1671. 
C,,H,,8,.Hg Bis-(3:4-dithioltoluene) mercury, dipotassium salt, 179. 
C,,H,,ON 7-Acetyltetrahydrocarbazole, 40 
C,,H,,ON, Dimethylnaphthaldehyde semicarbazones, 343. 
C,,H,,OAs o- and p-Phenoxyphenyldimethylarsines, 1239. 
C,,H,;0 3-Acety1-2:6:8-trimethylchromone oxime, 217. 
C,,H,.ON, 5-Acetamidotetrahydrocarbazole, 900. 
C,,H,,ON 6-Acetylhexahydrocarbazole, 1298. 
Hexahydroanthrone oximes, 79. 
9-Keto-octahydrophenanthrene oxime, 77. 
C,,H,,ON, 2:3-Benz-1:3:3-bicyclo-4?-nonen-4-one semicarbazone, 67. 
Hexahydrofluorenone semicarbazone, 71. 
C,,H,,0O,N Methyl a-cyano-8-3-methoxy-4-ethoxyphenylpropionate, 1000. 
C,,H,,0,C1 Ethyl a-chloro-a-2-phenoxyethylacetoacetate, 1556. 
C,,H,,0,N, isoAmyl piperonylidenehydrazinecarboxylate, 1050. 
14Hy 9 N 2-n-Hexamidostyrene, 183. 
C,,H,,ON, Phenylacetylcyclopentane semicarbazone, 75. 
14 Hy 9) N a-Benzoy1-88-dimethylvaleramide, 1480. 
Ethyl -p-xylidinocrotonate, 858. 
C,,H,,0,N, 3-Allylresacetophenone semicarbazone, 280. 
C,,H,.0,.N, isoAmyl haere ar NNR, sept on 1050. 
Ethyl 1-cyano-3:3-dimethylcyclohexane-1-a-cyanoacetate, 1163. 
C,,H,,0,N 8-Hydroxy-f-phenyl-a-isoamylpropionamide, 1481. 
C,,H,,0,N Ethyl a-cyano-83-dimethyl-4%-pentene-ad-dicarboxylate, 1853. 
C,,H,;0,N, Methyl l-acetonylmethylcyclohexane-l-acetate semicarbazones, 572. 
C,,H,,0,N Ethyl 2-methylpyrrolidine-5-acetate-l-a-propionate, 607. 
Ethyl 2-methylpyrrolidine-5-acetate-1-8-propionate, 1430. 
C,,H,,0,N Ethyl d-neomenthylglycine, 1225. 
C,,H,,0,T1 Di-n-butylthallium propionylacetone, 1682. 


14 IV 


C,,H,NCIBr 5-Chloro-1-bromo-3-methylacridine, 1549. 

C,,H,,O,NCl, Methyl trichlorodiphenylamine-2’-carboxylate, 1165. 

C,,H,,0,N,Br, 2:4-Dibromo-8-nitroaceto-l1-naphthalide, 1340. 

C,,H,,0,N,8 2-Nitrophenylthioaceto-m-nitroanilide, 330. 

Cc My 2-Nitrophenylsulphonylaceto-m-nitroanilide, 330. 

C,,H,,0. 2-Acetimido-1-methyl-1:2-dihydro-8-naphthathiazole, 1670. 

2-Acetometh lamido-f-naphthathiazole, 1670. 

C,,H,,0,NBr nares epeaeae acid, 1165. 

C,,H,,0,N.8, 2:2’-Bisformamidodiphenyl disulphide, 1609. 

C,,H,,0,C1,8 Mp Ae ele ery RL mae 707. 

C,,H,,0,N.S 2-Methylthiobenzo-o-nitroanilide, 331. 

2-Nitrophenylthioacetanilide, 330. 

C,,H,,0,N,C] 4-Chloro-3-nitro-N N’-diacetyl-1:2-naphthylenediamine, 1153. 
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C,,H,,0,N,Br 4-Bromo-3-nitro-N N’-diacetyl-1:2-naphthylenediamine, 1153. 

C,,H,,0;N,S 2-Methylsulphonylbenzo-o-nitroanilide, 331. 
2-Nitrophenylsulphonylacetanilide, 330. 

C,,H,,0,N.Cl 3-Chloro-N N’-diacetyl-1:2-naphthylenediamine, 1763. 

C.,H.,0,NS Wivchgdsenydieasthghiiahsnel eubphiten, 328. 


C,,H,;0;NS 3-Nitro-4-ethoxydiphenylsulphone, 220. 
2-Nitro-4’-hydroxy-2’:6’-dimethyldiphenylsulphone, 328. 

C,,H,,01,As p-Phenoxyphenyldimethylarsine di-iodide, 1239. 

C,,H,.ON.S 2-Acetimido-1-methylhexahydro-8-naphthathiazole, 1671. 

C,,H,.0,N,Cl, yy5-Trichloro-a-nitro-8-acetoxypentanal p-tolylhydrazone, 1694. 
yyy-Trichloro-a-nitro-B-diacetyl-p-hydrazinopropane, 357. 

C,,H,,0,N,Cl, yyd-Trichloro-a-nitro-8-phenylcarbamylethylamino-n-pentane, 1531. 


14V 
C,,H,,ONCI.Br 4’-Chloro-2-bromo-4-methyldiphenylamine-2’-carboxylic acid chloride, 1165. 
C,,H,,0,.NCIBr 4’-Chloro-2-bromo-4-methyldiphenylamine-2’-carboxylic acid, 1165. 
C,,H;,N,Cl,PPd Chlorobutylphosphine-ethylenediaminopalladium chloride, 889. 


C,, Group. 


C,;H,, 2-Benzylidene-cis-0:3:3-bicyclooctane, 615. 
C,,H,, a-Cyperene, 673. 


15 


C,;H,,O Anthracene-9-aldehyde, 344. 

C,;H,,.0, 4':5’-Dihydroxyflavone, 1714. 

C,;H,,0, 3-Hydroxymethylpurpurin, 1716. 

C,;H,.0 2-Hydroxy-l-methylphenanthrene, 318. 
7-Hydroxy-1-methylpienanthrene, 321. 

2-Furfurylidene-a-tetralone, 754. 
a-1-Naphthylglutaconic acid, 1777. 

C,,H,,N 3-Ethyl-a-naphthaquinoline, and its picrate, 1368. 

C,;H,,Cl yy-Diphenylallyl chloride, 402. 

C,,H,,0, 1-Ketomethoxy-1:2:3:4-tetrahydrophenanthrenes, 192. 
4-Methoxymethylbenzophenones, 1861. 
4-Pheny]-2:6-dimethylheptane-2:6-diol, 1116. 
r-p-Toluoylphenylearbinol, 95. 

0,0, B-(2-Methoxynaphthoyl)propionic acids, 320. 

Xanthoxyletin, 630. 

C,;H,,0, 2:3-Dimethoxybenzhydrol, 347. 
y-(6-Methoxy-1-naphthyl)butyric acid, 53. 
y-Methoxy-1-naphthylbutyric acids, 191. 

C,,;H,,0, O-Methylxanthyletinic acid, 1830. 

C,,H,,0, Ethyl 3-acetoxymethoxy-4*-chromene-4-carboxylates, 421. 
Ethyl £-(3:4-methylenedioxybenzyl)butyrolactone-a-carboxylate, 350. 
Picrotoxinin, 288. 

C,,H,,0, Furfurylidene-dl-piperitone, 1599. 
1-Keto-7-methoxyoctahydrophenanthrene, 750. 

C,,;H,,0, Dihydroresorcinol B-m-methoxyphenylethyl ether, 51. 
Dimethoxyallylstyryl methyl ketones, 278. 

C,;H,,0, Dihydroxanthoxyletin, 631. 

O-Methyldihydroxanthoxyletinic acid, 1830. 

C,;H,,0, «-Acetyl-8-(3:4-dimethoxybenzyl)butyrolactone, 727. 

Ethyl 4:6-dimethoxy-2-methylcoumarone-3-acetate, 1837. 

C,,;H,,.0 2-Benzyl-cis-0:3:3-bicyclooctan-2-ol, 615. 
7-Methoxyoctahydrophenanthr-1-ol-a, 750. 
2-Methoxy-f:3:5-trimethyl-a-ethylcinnamic acid, 216. 
O-Methyltetrahydroxanthyletinic acid, 1830. 

Ethyl 5-methoxyphenoxyacetic-2-acetate, 422. 
Cc; O a-Cyperone, 667. 
4- heny|-2:2:6:6-tetramethyltetrahydropyran, 1116. 
O Lancedl, 1622. 
2-Methylcyclohexyl 1-methylcyclohexan-2-one-2-carboxylate, 1142. 

C,;H.,0, Ethyl 3-carbethoxy-1:3-dimethylcyclohexylidene-2-acetate, 1141. 

C,,;H,,.0 Dihydro-a-cyperol, 672. 
1:10-Dimethyl-7-isopropyldecal-2-one, 1141. 

Tetra-a-cyperone, 671. 
C,;H,,0, Ethyl 1-methyl-4-isopropylcyclohexan-2-one-1-8-propionate, 1140. 
C,,H,,0, Ethyl 1-4*’-butenylpimelate, 475. 
thyl 3-carbethoxy-1:3-dimethylcyclohexan-2-acetate, 1142. 
C,,H,,0, Ethyl 3-carbethoxy-1:3-dimethylcyclohexan-2-ol-2-acetate, 1141. 
C,;H.,0, Ethyl hexane-afe-tricarboxylate, 1624. 
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15 I 
C,;H,,ON Anthracene-9-aldehyde oxime, 344. 
C,;H,,0.N,; 2-(4’-Methoxy-m-tolyl)cyclohexanone semicarbazone, 324. 
C,;H,,0,N, 2’-Nitro-3-phenyl-4’-methylphthalaz-l-one, 1107. 
C,;H,0,N, 1:4-Diketo-3-(2’-nitro-4’-tolyl)tetrahydrophthalazine, 1107. 
1sHi,0N, 2-Acetamidoacridine, 1618. 
C,;H,,0,Cil, 2’-Chloro-4-£-chloroethoxybenzophenone, 1861. 
C,;H,,ON, 2-Amino-8-acetamidoacridine, 1619. 
2’-Amino-3-phenyl-1-methylphthalaz-4-one, 314. 
C,;H:;0Br «-Bromobenzyl p-tolyl ketone, 95. 
C,;H,;0.C1 4’-Chloro-4-ethoxybenzophenone, 1861. 
C,;H,,;N,8, 1-Phenylthiocarbamylimino-2-methylbenzthiazoline, 507. 
C,;N,,0.N, Methyl "ae ae, St 432. 
5H,,0,N, 1:2:3-Triketotetramethylcyclopentane hydrate 2:4-dinitrophenylhydrazone, 272. 
9-Keto-octahydrophenanthrene semicarbazone, 77. 
aon seig -4*-cyclohexen-l-one 2:4-dinitrophenylhydrazone, 1596. 
C,;H,,ON Phenyl-/-pelletierine, 287. 
C,;H,,0,;N,; 1-Methylcyclopentan-2-one-3-acetic acid phenylsemicarbazone, 1624. 
C,;H.O.N, Azelaic semialdehyde 2:4-dinitrephenylhydrazone, 1791. 
C,;H..0,N, Triacetorhamnosidoglyoxaline, 506. 
C,;H.,0,.N Dimethylpentenylcarbinol phenylurethanes, 473. 
C,;H,,0,N Diethyl 2-methylcyclohexylidene-l-cyanoacetate-2-carboxylate, 484. 
Ethyl 4-methylcyclopentylidene-1-cyanoacetate-2-acetate, 620. 


C,;H,,ON a-Cyperone oxime, 671. 
B- rone oxime, 674. 
Cis. 4N Diethyl 2-cyano-1-methylcyclohexane-3-malonate, 485. 
Ethyl 4-methylcyclopentane-1-cyanoacetate-2-acetate, 621. 
C,;H,,ON, isoLupanine, and its hydroiodide, 1028. 
dl-Oxysparteine, synthesis of, 1025. 
¢,.H,-ON Tetrahydro-a-cyperone oxime, 671. 
C,;H,,0,N, Ethyl 1-acetonylmethylcyclohexane-l-acetate semicarbazones, 572. 
C,;H,,ON, Acetone-d-neomenthylglycinehydrazone, 1225. 
C,,;H,,0,TI Di-n-butylthallium dipropionylmethane, 1682. 


15 IV 

C,,H,O,.N,Cl, Bis-2:4-dichloronitroformazyl, 1694. 
C,;H,,0,N.Cl 5-Phenyl-5-(4’-chlorophenyl)hydantoin, 94. 
C,,H,,0,N.Br 5-Phenyl-5-(4’-bromophenyl)hydantoin, 94. 
C,;H,,0,N,Cl 1-Methoxy-3-nitrophenylphthalazinium perchlorates, 1709. 
C,,;H,,0 B-4-Bromophenylethyl alcohol phenylurethane, 184. 

. 3 vvy-Trichloro-a-nitro-8-phenylhydrazino-a-phenylpropane, 1532. 
C,;H,,0,N.8 -2-N eS ee me soe 330. 
C,;H,,0;N.8 -2-Nitrophenylsulphonylpropionanilide, 330. 
C,;H,,0 Nitrohydroxydimethyldipheny] sulphide methyl] ethers, 328. 
C,,H,,0) p-Phenoxyphenyltrimethylarsonium iodide, 1239. ; 
C,;H,,0,N,Cl, yy5-Trichloro-a-nitro-8-diacetylphenylhydrazinopentane, 358. 
C,;H..0,NAs p-Oxyarsinoazelanilic acid, 903. 
C,,H..0,NAs -Arsonoazelanilic acid, and its sodium salt, 903. 
C,;H.,0;N.As Azelanilamide-p-arsonic acid, and its sodium salt, 903. 


15 V 
C,,H,,0,NCIS 3’-Chloro-2-nitro-6’-hydroxy-2’:4’-dimethyldiphenyl sulphide methyl ether, 328. 


C,, Group. 
C,<H,, cycloHexylnaphthalenes, 1431. 
Cc, 1-cycloHexy1-3:4-dihydronaphthalene, 1432. 
1-(5’-Tetralyl)-41-cyclohexene, 1433. 
C,.H,, 5-cycloHexy]-1:2:3:4-tetrahydronaphthalene, 1433. 


16 0 


C,.H,,0, 7-Hydroxychromenocoumarin, 426. 
7-Hy oxy-3:4-dihydrophenanthrene-1:2-dicarboxylic anhydride, 53. 
C,.H,,0; HF on ee sea er anes acid, 1776. 


C,,.H,,0, 6:7-Dihydroxy-1-phenylnaphthalene, 588. 
C,.H,,0, 5-Hydroxy-4’-methoxyflavone, 1714. 
Tectochrysin, 268. 
C,.H,,0, Genkwanin, 570. 
Oroxylin-A, constitution of, 591. 
C,.H,,0 7-Methoxy-1-methylphenanthrene, 321. 
C,.H,,0, Dimethy benzils, 94. 
C,.H,,0, $c Dintlboy § teoleeritdenr ee 756. 
C,.H,,0, 6:7-Dimethoxy-3- lidenechroman-4-one, 1834. 
C,.H,,0, Ethyl diphenylyl-2-acetate, 323. 
1-Keto-7-methoxy-8-methy]-1:2:3:4-tetrahydrophenanthrene, 318. 
C,.H,,0, y-(2-Methoxy-6-naphthyl)-48-pentenoic acid, 321. 
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C,.H,.0, p-Methoxy-p’-ethoxybenzophenone, 1860. 
OHO, 4-Benzyloxy-2:6-dimethoxybenzaldehyde, 1837. 
8-(2-Methoxy-1-methyl-6-naphthoyl)propionic acid, 318. 
Methyl B-(2-methoxynaphthoyl)propionates, 320. 
2:3:4’-Trimethoxy benzophenone, 348. 
C,.H,.0, B-(6-Methoxy-1-naphthyl)ethylmalonic acid, 53. 
B-Methoxy-1-naphthylethylmalonic acids, 191. 
C,.H,,0 7-Methoxy-8-methy]-1:2:3:4- tetrahydrophenanthrene, 318. 
2-(1’-Napkthyl)cyclohexanol, 76. 
C,.H,,0, 1-Keto-7-methoxy-2-methyl-1:2:3:4:9:10-hexahydrophenanthrene, 194. 
C,«H,,0, y-(2-Methoxy-1-methyl-6-naphthyl) butyric seit, 318. 
y-(2-Methoxy-6-naphthyl)-n-valeric acid, 321. 
C,.H,,0, 2:3:4’-Trimethoxybenzhydrol, 348. 
C,.H,,0, Ethyl 6:7-dimethoxy-3-acetoxy-4*-chromene-4-carboxylate, 213. 
C..H..0, Ethyl 2-phenyl-4'-cyclohexenylacetate, 77. 
C,.H,.0, 1-Benzoyl-4-methylcyclohexane-1-acetic acids, 417. 
Ethyl 2-benzylcyclohexanone-2-carboxylate, 69. 
C,.H,,0; a- Acetyl-8-3-methoxy-4-ethoxybenzylbutyrolactone, 1001. 
a-(y’-Keto-a’-phenyl-n-butyl)adipic acid, 1627. 
Methyl B-keto-a-(p’- henylethyl)adipate, 1851. 
CreHa20 2-(5’-Tetralyl)cyclohexanol, 1433. 
C,.H,.0, 1-Benzyl-4-methylcyclohexane-l-acetic acids, 418. 
16f220, Ethyl a-benzoyl-63-dimethylvalerate, 1480. 
Ethyl 2-phenylcyclohexanol-1-acetate, 76. 
C,,H,,0, ‘Methyl 5-keto-8- m-methoxyphenyloctoate, 749. 
C,.H..0, O-Methyltetrahydroxanthoxyletinic acid, 632. 
O-Methylxanthoxyletinic acid, 631. 
C,.H.,0, Ethyl 3-hydroxy-6:7- dimethoxy-4?- chromene-4-carboxylate, 213. 
Ethyl a-carbethoxy-a-methylaconitate, 1807. 
Ethyl £3-dimethylpentane-af8-tricarboxylate, 1853. 
Ethy 1 13-ketomyristate, 282. 
Tridecoin, 1634. 


16 Oi 


C,,H,,0;N, 4-Hydroxy-2-(p-nitrophenyl)quinoline-3-carboxylic acid, 429. 
6-Nitro-4-hydroxy-2-phenylqu uinoline-3-carboxylic acid, 430. 
C,.H,,0,Cl, B8-Dichloro-4:4’-dihydroxy-3:3’-dicarboxy-aa-diphenylethylene, 555. 
1¢H,,0,Cl, iy -Trichloro-4:4’-dihydroxy-3:3’-dicarboxy-aa-diphenylethane, 555. 
C,,H,,0,N, ——_ 2-phenyl-4-quinazolone, 432. 
1¢H,,0,N, Hydroxy-6-formylcoumarin phenylhydrazone, 1831. 
C,.H,.0;N, 1-Phenyl-4-(2’:4’- dinitrophenyl)- 3-methyl-5-pyrazok .e, 1713. 
C,,H,,0N; Antheotne: 9-aldehyde semicarbazone, 344. 
Fluorene-2-aldehyde semicarbazone, 345. 
C,.H,,;0,N, 4’-Nitro-3-phenyl-4:4’-dimethylphthalaz-l-one, 1108. 
C,.H,,0,.N, 6:7- ea a terre -a-picoly]-3:4- dihydroisoquinoline, and its salts, 610. 
5-Phenyl-5-p- a lhydantoin, 95. 
Ono 6- Metho - -2-methyl-3-coumaranone 2:4-dinitrophenylhydrazone, 1836. 
“9. Aminosti benes, 183. 


Cs 0, er p’-B-chloroethoxybenzophenone, 1860. 
e 


1¢H,,0,N, as-Phenylethyl-p-nitrobenzoylurea, 1274. 
Cubs Os Cl Ethyl 7-chloro-1-naphthol-2:4-dicarboxylate, 1776. 
r Ethyl 7-bromo-1-naphthol-2:4-dicarboxylate, 1776. 
C,.H,.0 .N, Lysergic acids, 1443. 
6:7-Methylenedioxy-1-a- -picolyltetrahydroisoquinoline, and its salts, 611. 
as-Phenylethylbenzoylurea, i274. 
Phenyliminobenzylurethane, and its hydrochloride, 431. 
C,,H,,0,N, Pyridyl-2-aceto-3’:4’-methylenedioxy-8-phenylethylamide, 610. 
1eH;,0,N, Butyrophenone 2:4-dinitrophenylhydrazones, 788. 
1eHie Distyreneplatinous chloride, 1048. 
C,,H,,0 isoErgine, and its hydrochloride, 1442. 
7:9-Diacetyltetrahydrocarbazole, 40. 
3:4’-Bisacetamidodiphenylamine, 1616. 
3:3’-Diacetylaminodiphenylamine, 91. 
CueHiaOals -4-isoPropyl-4?-cyclohexenyl 3:5-dinitrobenzoate, 1597. 
C,,H,,0,N 1-Carboxymethylcyclohexane-1-acetanil, 419. 
6:9-Diacetylhexahydrocarbazole, 1298. 
CieH ON 3-Propiony]-6:8-dimethyl-2-ethylchromone oxime, 217. 
C,,H,,0,N /-4-isoPropyl-4 Pare ee p-nitrobenzoate, 1597. 
5-Acetamido-9-acetylhexahydrocarbazole, 900. 
Ethyl oxalylmethylmalonate phenylhydrazide, 1809. 
1-Keto-7- se er ney enanthrene semicarbazone, 750. 
1-Carboxymethylcyclohexane-1-acetanilic acid, 419. 
C,.H,.0. .N, 6:7-Methylenedioxy-1-a- -pipecolyltetrahydroteoquinoline, and its salts, 611. 
C,,H,,0,N Sebacanilic acid, 905. 1916 


& 





Formula Index. 


a ee a-Cyperone semicarbazone, 671. 
rone semicarbazone, 674. 
Othe a-Cyperone nitroguanylhydrazone, 671. 
perone nitroguanylhydrazone, 674. 
ClO 2- Methylcyclohexyl, 1-methylcyclohexan-2-one-3-carboxylate semicarbazone, 1142. 
C,,~H2,0,N Ethyl a-cyano-a’a’-dimethyl-a-n-amylsuccinate, 1447. 
iat 1:10- ’ Dimethyl. 7-isopropyldecal-2-one semicarbazone, 1141. 
Tetrahydro-a-cyperone semicarbazone, 671. 
C,,H,;0N - Piperidinoethyldibutylcarbinol, 402. 


16 IV 


C1800 4- Ae -o-chlorophenylquinoline-3-carboxylic acid, 430. 
C,,H,,0.N,8 m- itrobenzenesulphon- 8-nitro-a-naphthalide, and its sodium salt, 1847. 
16H,,0,N,Cl, 1-Methoxy-3-(2’:6’-dichloro-4’-nitropheny]l)-4- methylphthalazinium perchlorate, 1709. 
16f;30.N,C1 Phenyl-4-chlorophenylacetylenédiureide, 94. 
16H;30,Cl,Fe 8-Methox ae ferrichloride, 257. 
mm: oe 4 vyvy-Tric oro-a-nitro-B-p-toluidinopropanal A wa are mI 1694. 
16Hy40,N Cl, yyy-Trichloro-a-nitro-£-p-toluidinopropanal p-nitrophenylhydrazone, 1694. 
1 7 
1 
1 
C. 


4 
5 
3 


7 1-Methoxy-3-nitrophenyl-4-methylphthalazinium perchlorates, 1709. 
2Cl, yyy-Trichloro-a-nitro-B-p-toluidino-a-phenylpropane, 1531. 
+H, 0.N Cl, yyy-Trichloro-a-nitro-8-p-toluidinopropanal phenylhydrazone, 1694. 
¢H,;0 2-Nitro-4’-acetoxy-2’:6’-dimethyldiphenyl sulphide, 328, 
°H,,OLAs p-Phenoxyphenyltrimethylarsonium othrodide, 1239. 

GH O,NS p-Aminophenyl d-camphor-10-sulphonate, 1221. 

C,,H..0,;N.S d-Camphor-10-sulphonyl-p-phenylenediamine, 1220. 
CHO Ae p-Oxyarsinosebacanilic acid, 904. 
C,.H.,O,NAs p-Arsonosebacanilic acid, and its sodium salt, 904. 

Methyl p-arsonoazelanilate, and its sodium salt, 903. 
CoH OLN As Azelanilomethylamide-p-arsonic acid, and its sodium salt, 903. 
Sebacanilamide-p-arsonic acid, and its sodium salt, 904. 

C,,H.,N,Cl,Pt; Tetramminoplatinous styrenetrichloroplatinite, 1047. 


16 V 


C,.H,,0,NCIS 3’-Chloro-2-nitro-6’-acetoxy-2’:4’-dimethyldipheny] sulphide, 328. 
20,;NCI,As -Dichloroarsinosebacanilic acid, 904. 


C,, Group. 

C,Hy PE ee ae pm 1434, 

C,,H,, 1-(1’-Naphthyl)-2-methyl-4'-cyclohexene, 1434. 
1-Phenyl-2-methyltetrahydronaphthalene, 598. 

Gio etrahydro-1:2-cyclopentanophenanthrene, 764. 

C,,H,, 2-Benzyloctalin, 70. 

Hexahydrocyclopentanophenanthrene, 764. 

C1; 2-Benzyldecalin, 70. 
1-Benzyl-2-methyl-5-isopropyl-4'-cyclohexene, 66. 


17 0 


C,,H,,0, 7-Methoxyphenanthrene-1:2-dicarboxylic anhydride, 53. 
a 7-Methoxy-3:4-dihydrophenanthrene-1:2-dicarboxylic anhydride, 53. 
7- Hydroxy-7 7 nathensdhscidasodamesta, 424, 
aw seme -8’-methoxychromenocoumarin, 425. 
i -Methoxyphenanthrone-2:4icarboxylio acid, 1776. 
C,,H,,0, 7:8- ne 2 ere 425. 
Dihyd ydroxy-7’-methoxychromenocoumarins, 425. 
C,,H,,0 3’-Keto-3: :4-diky dro-1: 2-cyclopentenophenanthrene, 1850. 
Methoxy-1 ghoaginegitialeins, 587. 
C,,H,,0, 7-Acetoxy-l-methylphenanthrene, 321. 
5:8-Dimethylflavone, 427. 
4-Phenyl-6:8-dimethylcoumarin, 216. 
CH 4105 4-Keto-1-pheny]-1:2:3:4-tetrahydro-2-naphthoic acid, 597. 
ethoxy-2-benzylchromone, 298. 
c,,H..0, hrysin dimethyl ether, 268. 
C,,H,,O, Genkwanin 5-methyl ether, 570. 
Lanigerin, 1035. 
Methyloroxylin-A, and its platinichloride, 592. 
C,,H,,0, Tricarbox ee ethers, 1278. 
C,,H,,0 Cevanthrol, 414. 
8 ys henyl- 3:4.dihydronaphthalenes, 587. 
C,,H,,0, -Phenyltetrahydro- 2-naphthoic acid, 598. 
C,,H,,0; ‘ :6-Dimethoxy-3- oye -) methylcoumarone, 1837. 
3-Methoxy-4’-meth Ichalkone, 257. 
c,H..0, 3:4’-Dimethoxychalkone, ‘257. 
C,,H,,0, 2-Benzoyloxy-4:6- ve ae 





17 U—17 m1 Formula Index. 


C,,H,,0, Triacetylapoxanthoxyletin, 632. 
C,,H,,Cl 1-Phenyl-2-chloromethyltetrahydronaphthalene, 598. 
C,,H,,0 Dibenzylvinylcarbinol, 401. 
3-Keto-3:9:10:11-tetrahydro-1:2-cyclopentanophenanthrene, 764 
1-Phenyltetrahydro-2-naphthylcarbinol, 598. 
C,,H,,0, p-n-Butoxybenzophenone, 1861. 
C,,H,,0, p-Methoxy-p’-n-propoxybenzophenone, 1860. 
C,,H,,0, Ethyl £-(2-methoxynaphthoyl)propionates, 320. 
C,,H,,N, 2:6-Dimethylhydrindone phenylhydrazone, 58. 
C,,H,,0 y-Benzylidene-cl-piperitone, 1599. 
Dibenzylethylearbinol, 401. 
C,,H,,.0, Ethyl y-(6-methoxy-1-naphthyl)butyrate, 53. 
C,,H..0; Methyl O-methylxanthoxyletinate, 631. 
C,,H,,0 3-Hydroxyhexahydro-1:2-cyclopentanophenanthrene, 764. 
17H,,0, Methyl y-6-methoxy-3:4-dihydro-1-naphthyl-a-methylbutyrate, 194. 
C,,H,,0, Methyl B-keto-a-methyl-a-(f’-phenylethyl)adipate, 1851. 
17H20, 3:5-Benzylidene 6-methyl acetoneglucose, 860. 
2-Anilino-2-cyano-trans-decahydronaphthalene, 1675. 
trans-2-Benzy1-2-decalol, 615. 
Methyl 5-keto-8-m-methoxyphenyloctane-2-carboxylate, 193. 
O-Dimethyldihydropicrotoxic acid, 294. 
1-Benzyl-2-methyl-5-isopropylcyclohexanol, 66. 
Ethyl] y-o-tolyl-a-methyl-8-isopropylbutyrate, 675. 


17 
C,,H,OCl, Trichloromesobenzanthrones, 783. 
C,,H,OCl, Dichloromesobenzanthrones, 783. 
C,,H,OC] 2’-Chloromesobenzanthrone, 783. 
C,,H,OBr Bromomesobenzanthrones, 784. 
C,,H,,0,D, Deutero-ketone, from 2-0-carboxybenzylindan-l-one, 1552. 
C,,H,,0,N, «a-Naphthaldehyde 2:4-dinitrophenylhydrazone, 353. 
C,,H,,N.$ 2-Anilino-8-naphthathiazole, 1670. 


C,,H,,;0N, 2:2’-Anhydro-2:5-diketo-3-(2’-amino-4’-tolyl)isoindolinopyrazolidocoline, and its salts, 1105. 


C,,H,,0,N 4-Hydroxy-2-phenyl-8-methylquinoline-3-carboxylic acid, 430. 
Nitro-4’-methoxy-1-phenylnaphthalene, 587. 
C,;H,,0,N, 2:5-Diketo-3-(2’-nitro-4’-tolyl)isoindolinopyrazolidocoline, 1103. 
C,,H,,0;N, 1-Carbethoxy-4-keto-3-(2’-pyridyl)pyridocoline, and its picrate, 1027. 
O,N, Benzo-2’-nitro-4’-tolylhydrazide-2-8-acrylonitrile, 1104. 


7 4 
"9.(5’-Methyl-1’:2’:3’-benztriazolyl)isoindoline-3-acetic acid, 1106. 

C,-H,,0,N, «poXanthoxyletin phenylhydrazone, 632. 

C,,H,,0,N, 2’-Acetamido-3-phenyl-1-methylphthalaz-4-one, 314. 
2-(2’-Aminophenylamino)isoindolinone-3-acetic acid lactam, and its picrate, 1106. 
2:5-Diketo-3-(2’-amino-4’-tolyl)isoindolinopyrazolidocoline, 1105. 

Se ade eek or ee lactam, 1107. 
) 


C,,H,,0.N,; 2-(5’-Methyl-1’:2’-3’-benztriazoly 
17H,,;0,;N, 2:8-Diacetamidoacridone, 93. 
C,,H,,0,N y-Phenyl-a-methylallyl p-nitrobenzoates, 87. 
C,,H,,0,N, 4-Keto-1-ethoxy-3-(2’-nitro-4’-tolyl)-3:4-dihydrophthalazine, 1108. 
C,,H,,0,N, Benzo-2’-nitro-4’-tolylhydrazide-2-8-acrylic acid, 1102. 
1-Hydroxy-3-(2’-nitro-4-tolyl)-3:4-dihydrophthalazine-4-acetic acid, 1106. 
2-(2’-Nitro-4’-tolylamino)isoindolinone-3-acetic acid, 1103. 
C,,H,,0.N, 5-Phenyl-5-4’-xylylhydantoins, 94. 
C,,H,,0.N, coe es 95. 
C,,H,,0,N, 2:5-Dimethylhydrindone 2:4-dinitrophenylhydrazone, 59. 
C,,H,,0,N, 4:6-Dimethoxy-2-methyl-3-coumaranone fee ee 1837. 
17H,,0,;N, 2-(2’-Amino-4’-tolylamino)isoindolinone-3-acetic acid, 1105. 
C,,H,,0,N 3’-Nitro-4-n-butoxybenzophenone, 1862. 
C,,H,,0.N, Methyl lysergates, 1443. 
C,,H,,0,N, -Valerophenone 2:4-dinitrophenylhydrazone, 788. 
C,,H,,ON 3-Ketotetrahydro-1:2-cyclopentanophenanthrene oxime, 764. 
C,,H,,0C1 Dibenzyl-f-chloroethylcarbinol, 401. 
C,,H,,0O.N Methyl-8-phenylethylcarbinol phenylurethane, 88. 
C,,H,.0,N, 2-Hydroxy-4-(By-dihydroxypropoxy)acetophenone phenylhydrazone, 590. 
C,,H,,0,.N 1-Carboxy-3:3-dimethylcyclohexane-1-acetanil, 1162. 
1-Carboxymethylcyclohexane-1-acet-p-tolylimide, 417. 
7-Diacetylamino-9-methylhexahydrocarbazole, 901. 
Sitasenliinemetigtenmtnthbenss, 1600. 
O,N, 2:2-Dimethoxytetramethylcyclopentane-1:3-dione 2:4-dinitrophenylhydrazone, 274. 
C,,H,,0,N, Tetra-acetoglucosidoglyoxaline, 505. 
C,,H,,0N Anilinomethylene-d/-menthone, 1600. 
C,,H,,0N, 2-(5’-Tetralyl)cyclohexanone semicarbazone, 1433. 
C..H..0,N ee ky ee A har sen Wire me acid, 1676. 
C,-H,,0,N 1-Carboxy-3:3-dimethylcyclohexane-1l-acetanilic acid, 1162. 
1-Carboxymethylcyclohexane-1-acet-p-toluidinic acid, 417. 
1918 


tsoindolinone-3-acetamide, 1106. 
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Formula Index. 17 NI—18 


C,,H,;0;N, 1-Benzoyl-4-methylcyclohexane-1-acetic acid semicarbazones, 417. 
Ethyl 2-benzylcyclohexanone-2-carboxylate semicarbazone, 69. 

C,,H,,ON, 2-Anilino-irans-decahydronaphthalene-2-carboxyamide, 1676. 

C,,H,;0;N Methyl sebacanilate, 905. 

C,,H,;0,;N; _p-Nitrobenzyl-1-menthylnitrosoamine, 1224. 

C,,-H..ON, Benzyl-1-menthylnitrosoamine, 1224. 

C,,H..0,N, p-Nitrobenzyl-l1-menthylamine, 1224. 

C,,H.,O0N, p-Aminobenzyl-1-menthylnitrosoamine, 1224. 

C,,H,,0;,N Acid, from oxidation of nitrososolanocapsine, 1541. 

C,,H,,0,;N, 1-Carbethoxy-4-keto-3-(2’-piperidyl)octahydropyridocoline, 1027. 


17 IV 


C,,H,ONBr, 5:7:8-Tribromobenzo-1-naphthalide, 1341. 
C,,H,.0;N,Br, 2:4-Dibromo-8-nitrobenzo-1-naphthalide, 1340. 
17H,,0;N.Br 4-Bromo-8-nitrobenzo-1-naphthalide, 1339. 
C,,H,;0,Cl,Fe 8-Methoxy-4’-methylflavylium ferrichloride, 258. 
C,,H,,0,N,8 Benzaldehyde-2’-nitro-4’-tolylhydrazone-w-sulphonic-2-f-acrylic acid, sodium salt, 1102. 
3-(2’-Nitro-4-tolyl)-3:4-dihydrophthalazine-1-sulphonic-4-acetic acid, sodium hydrogen salt, 1106. 
C,,H,.0.N,Br, 3:3’-Dibromo-4:4’-diacetamidodiphenylmethane, 316. 
C,,H,,0,N,Cl, yyy-Trichloro-a-nitro-8-p-toluidinopropanal o-tolylhydrazone, 1694. 
C,,-H,,O,NS 2-Nitro-2’-hydroxy-3’:5’:6’-trimethyldiphenyl sulphide, 328. 
C,,H,,0,NS Ae a -o-carboxyphenylpropionamides, 310. 
17H,,0,N.8 Nitropiperidinodiphenylsulphones, 219. 
C,,H,,0,NS, «-p-Toluenesulphonoxy-N-p-toluenesulphonylpropionamides, 308. 
C,,0,,0;N.8 >} Cones Modhaeddinnmatiateaties. 1223. 
17H230,NS ay a  eN e 1223. 
C,,-H,,0,N.8 p-d-Camphor-10-sulphonoxyphenyl-a-methylhydrazine, 1223. 
C,-H,.O,NAs Ethyl p-arsonoazelanilate, and its sodium salt, 903. 
Methyl p-arsonosebacanilate, and its sodium salt, 904. 
C,,H,,0,N,.As Azelaniloethylamide-p-arsonic acid, and its sodium salt, 903. 
Sebacanilomethylamide-p-arsonic acid, and its sodium salt, 904. 


17 V 


C,,H,,ONCIBr, 8-Chloro-5:7-dibromobenzo-1-naphthalide, 1340. 
C,,H,,0,NS,Br 5-Bromo-1-methylbenzthiazole etho-p-toluenesulphonate, 1228. 


C,, Group. 


C,,H,, Hexahydro-3:4-benzphenanthrene, 599. 
C,,H.. 4-cycloHexyldiphenyl, 1593. 


18 
7-Acetoxychromenocoumarin, 426. 
B-p-Anisoyl-a-benzylidenepropionolactone, 588. 
5-Acetoxy-4’-methoxyflavone, 1714. 
7-Hydroxy-6’:7’-dimethoxychromenocoumarin, 424. 

C,.H,,0, 7:8-Dihydroxy-6’:7'-dimet oxychromenocoumarin, 424. 

C,,H,,0 2-Ketohexahydro-3:4-benzphenanthrene, 598. 

8- and 9-Methoxy-1:2-cyclopentenophenanthrenes, 190. 
4’-Methoxy-1-phenyl-2-methylnaphthalene, 588. 

C,,H,,0, 2-n-Butylanthraquinone, 1841. 
6:7-Dimethoxy-1-phenylnaphthalene, 588. 
3-Keto-1 Gerphnnshybiuheuatioee, 755. 

C,,H,,0, 7-Methoxy-2-benzyl-3-methylchromone, 298. 
7-Methoxy-3-phenyl-2-ethylchromone, 299. 
7-Methoxy-3-phenyl-4-ethylcoumarin, 298. 

C,,.H,.0, 8-p-Anisoyl-a-benzylidenepropionic acid, 589. 
2-Carboxy-3:4-dihydrophenanthrene-1-8-propionic acid, 1850. 
> Fhengl-o-metaglalie hydrogen phthalates, 87. 

C,,H,,0, Usnic acid, 1834. 

1sH,.Br, 4’-Bromo-4-(tribromocyclohexyl)diphenyl, 1781. 

C,,H,,0 4’-Methoxy-1-phenyl-2-methyl-3:4-dihydronaphthalene, 588. 

C,,H,,0, 6:7-Dimethoxy-1-pheny]l-3:4-dihydronaphthalene, 587. 
3-Keto-4}-cyclohexenyl B-1-naphthylethy] ether, 51. 
1-Phenyltetrahydronaphthyl-2-acetic acid, 598. 

C,,.H,,0, 2:4-Dimethoxy-w-phenylacetylacetophenone, 298. 
2:4-Dimethoxy-a-phenyl-8-methylcinnamic acid, 297. 

C,,.H,,.Br 4’-Bromo-4-cyclohexyldiphenyl, 1780. 

C,,H,,0 2-Ketodecahydrochrysenes, 760. 
9-Methoxy-3:4-dihydro-1:2-cyclopentanophenanthrene, 189. 

1sHa90, p-n-Amyloxybenzophenone, 1861. 
2-(4’-n-Butylbenzyl)benzoic acid, 1840. 

C,,H..0, p-Methoxy-p’-n-butoxybenzophenone, 1860. 

C,,H..0 2-Hydroxydecahydrochrysene, 761. 
2-Ketododecahydrochrysene, 762. 

1919 





18 II—19 I Formula Index. 


€,.H,.0, 2:2’-Di-(a-hydroxyisopropyl)diphenyl, 1116. 
B-4’-Methoxy-1’-na nme cyclopentene, 189. 
C,,H,,0 $ ydvenyledou ochrysenes, 761. 
C,,H,,0, Ethyl a-(y’-keto-a’-phenyl-n-butyl)adipate, 1627. 
C,,H,,0,, Hexamethyl 3-hydroxypentacarboxycyclopentane-l-acetate, 151. 
C,,H..0 f-Keto-0-(2:2:6-trimethyl-4*-cyclohexenyl)-{-methyl-4”-octatriene, 562. 
igHag0, Ethyl homocuminylmalonate, 675. 
C,sH.,0, Methyl O-dimethyldihydropicrotoxate, 294. 
C,,H,,0, Ethyl a-carbethoxy-a-methyl-y-ethylaconitate, 1807. 
1sH390, Punicic acid, 1810. 
C,,H,.0, Ethyl 3-carbethoxy-1-methyl-4-isopropylcyclohexan-2-one-1-8-propionate, 1140. 
1gH5g0, Stearic acid, ionic interchange in sols of, 1317. 
C,,H,,.0, Pentadecoin, 1634. 


18 i 
C,,H,ON Cyanomesobenzanthrones, 784. 
C,;H,,0,N Nitrophthalo-a-naphthylimides, 1845. 


C,.H..ON H ae ke te Ye Mee 432. 
C..H.,0,N, thyl 4-hydroxy-2-(p-nitrophenyl)quinoline-3-carboxylate, 429. 


Ethyl 6-nitro-4-hydroxy-2-phenylquinoline-3-carboxylate, 430. 
C,,H,,0,Cl, Dimethyl £8-dichloro-4:4’-dihydroxy-aa-diphenylethylene-3:3’-dicarboxylate, 555. 


19H, 2-Methylthio-y-cyanine, and its platinichloride, 507. 
2.Phenylimino-1-methy]-1:2-dihydro-f-naphthathiazole, picrate of, 1670. 
2-Phenylmethylamino-f-naphthathiazole, and its picrate, 1670. 

C,,H,,ON eee ee picrate of, 337. 
C,,H,;0,N 1-Nitro-2-n-butylanthraquinone, 1841. 
C,,H,;0,N, 2-(2’:4’-Dinitrobenzylidene)-1-ethyl-1:2-dihydroquinoline, 1713. 

isH,;0,N, y-Phthalimidobutaldehyde 2:4-dinitrophenylhydrazone, 354. 

C,,H,,0,Cl, 8-Trichloro-4:4’-dihydroxy-3:3’-dicarbomethoxy-aa-diphenylethane, 554. 

1sHy, 2-Ketohexahydro-3:4-benzphenanthrene oxime, 598. 

C,,H,,0,N 1-Amino-2-n-butylanthraquinone, 1841. 
C,,.H,,0O,N Ethyl carbazole-3:6-dicarboxylate, 1296, 

19Hy7,0,N, 2-2’:4’-Dinitrobenzylidene-1:3:3-trimethylindoline, 1712. 

C,,H,,0,N, 1-Keto-3-(2’-nitro-4’-tolyl)-2-methyltetrahydrophthalazine-4-acetic acid, 1106. 
Methyl 1-hydroxy-3-(2’-nitro-4-tolyl)-3:4-dihydrophthalazine-4-acetate, 1106. 
Methyl 2-(2’-nitro-4’-tolylamino)isoindolinone-3-acetate, 1103. 

C,,H,,0,N, Phenyl-o-4-xylylacetylenediureide, 94. 

C,,H,,0,N, Dianhydrohexosazone, 1773. 
1sH,,0,;N, Acetyl(phenyliminobenzyl)urethane, 432. 

€,,H,,0,N, Methyl 2-(2’-amino-4’-tolylamino)isoindolinone-3-acetate, hydrochloride of, 1105 
1sHy90,N 9-Amino-2:3:4:6-tetramethoxyphenanthrene, 1236. 

Ethyl B-p-phenylaminoanilinocrotonate, 858. 

n-Hexophenone 2:4-dinitrophenylhydrazone, 788. 

€,,H,,0,8 4:4’-Dipropoxydiphenylsulphones, 1859. 

C..H,.ON 2-Ketododecahydrochrysene oxime, 762. 

€,,H,;0;N Senecionine, and its salts, 744. 
Squalidine, 745. 


C.sHs,0.Ni 


18 IV 


C,,H,O,NCi, Tetrachlorophthalo-a-naphthylimide, 1846. 
C,,H,O,NCl, Dichlorophthalo-a-naphthylimides, 1845. 
C,,H,.0,NCl 3-Chlorophthalo-a-naphthylimide, 1845. 
C,,.H,,0,N.8, 1-Nitro-2-phenylsulphonyl-5-m-nitrophenylsulphonylbenzene, 221. 
C,,H,,0,N8, 1 ee me pee ee ee ne 219. 
C,,H,,0;NC1 Ethyl 4-hydroxy-2-0-chlorophenylquinoline-3-carboxylate, 430. 
C,.H,,0,.N,Br Dianhydrohexosazone dibromide, 1774. 

1sHy,0,N,Cl, yy5-Trichloro-a-nitro-8-p-toluidinopentanal phenylhydrazone, 1694. 
C,,H,,0,N,8 3:3’-Dinitro-4-piperidino-4’-methyldiphenylsulphone, 221. 
Glin dee 3-Nitro-4-piperidino-4’-methyldiphenylsulphone, 220. 
C,,H,,0 p-Acetamidophenyl d-c hor-10-sulphonate, 1221. 
C,,H,,0,N.S8 Acetyl-d-camphor-10-sulphonyl-p-phenylenediamine, 1220. 
€,,H,,0,NAs Ethyl p-arsonosebacanilate, and its sodium salt, 904. 
€,,H,,0,N.As Sebacanilodimethylamide-p-arsonic acid, and its sodium salt, 904. 
€,,H,,Cl,P,Pd, Dichlorobis(tripropylphosphine)-u-dichloro ium, 883. 
C,,H,,Cl,As,Pd, Dichlorobis(tripropylarsine)-y-dichlore ium, 884. 


18 V 
€,,H;,NCI,PPd Dichloroanilinobutylphosphinepalladium, 887. 


C,, Group. 


£,,H,, 2-Methyl-3:4-benzphenanthrene, 599. 
1920 
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Formula Index. 19 1I—19 II 


19 0 


C,9H,,0, 8-(3:4-Methylenedioxybenzoy]l)-a-(3’:4’-methylenedioxy benzylidene)propionolactone, 746. 
C,,H,,0, 4-Benzoyloxydiphenyl, rearrangement of, 802. 
4-Hydroxy-3-benzoyldiphenyl, 804. 
C,,H,,0, 7-Acetoxy-7’-methoxychromenocoumarin, 425. 
7-Acetoxy-8’-methoxychromenocoumarin, 425. 
4’:5-Diacetoxyflavone, 1714. 
C,,H,,0, £-(3:4-Methylenedioxybenzoy]l)-a-(3’:4’-methylenedioxybenzylidene)propionic acid, 746. 
C,9H,.0, 8-Benzoyl-a-veratrylidenepropionolactone, 588. 
6:7-Dimethoxy-1-phenylnaphthalene-3-carboxylic acid, 588. 
C,,H,.0, Acetylgenkwanin 5-methyl ether, 570. 
Acetylmethyloroxylin-A, 592. 
C,.5H,.0, Bis-(3:4-methylenedioxyphenyl)methylsuccinic acid, 747. 
C,9HisN, Acenaphthene-3-aldehyde phenylhydrazone, 344. 
C,,.H,,0 Cevanthrol acetate, 415. 
9-Methoxy-3’-methyl-1:2-cyclopentenophenanthrene, 190. 
C,,H,,0, 3-Benzyl-2:5:8-trimethylchromone, 427. 
3-Benzy]-4:6:8-trimethylcoumarin, 216. 
C,,H,,0, Ethyl 4-keto-1-phenyl]-1:2:3:4-tetrahydro-2-naphthoate, 597. 
Methyl £-p-anisoyl-a-benzylidenepropionate, 589. 
B-Benzoyl-a-veratrylidenepropionic acid, 588. 
2:3:4:6-Tetramethoxyphenanthrene-9-carboxylic acid, 1235. 
Dimethylnaphthaldehyde phenylhydrazones, 343. 
2-Methoxyhexahydrochrysene, 761. 
Ethyl 1-phenyltetrahydro-2-naphthoate, 598. 
4-cycloHexyldiphenyl-4’-carboxylic acid, 1594. 
C,9H..0, 2:4-Dimethoxy-a-phenyl-f-ethylcinnamic acid, 298. 
Ci9H..0, Glycerol ay-bis-(3-hydroxy-4-acetylphenyl) ether, 590. 
C,,H..0 8- and 9-Methoxy-1-methyl-3:4-dihydro-1:2-cyclopentanophenanthrenes, 190. 
C,,H,.0, 3-Keto-7-ethoxytetrahydro-1:2-cyclopentanophenanthrene, 765. 
C,9H..0, pp’-Dipropoxybenzophenones, 1860. 
Pes 6 es utoxy benzophenone, 1860. 
Ethyl 2-keto-4-phenyl-4**-octalin-10-carboxylate, 1627. 
p-Methoxy-p’-n-amyloxybenzophenone, 1860. 
C,,H..0; a.(f’-4-Methoxy-1-naphthylethyl)adipic acid, 189. 
1-(B-Diethylaminoethyl)aminoacridine, and its salts, 609. 
2-Methyl-1-8-4’- and -5’-methoxy-1’-naphthylethylcyclopentanols, 189, 191. 
Ethyl 1-keto-7-methoxy-2-methyloctahydrophenanthrene-2-carboxylate, 752. 
Acid, from ethyl 8-phenylethylmalonate and 2-acetyl-1-methyl-4'-cyclopentene, 52 
Methyl ethyl a-(y’-keto-a’-phenyl-n-butyl)adipate, 1627. 
Ethyl hydrogen a-(y’-keto-a’-p-methoxyphenyl-n-butyl)adipate, 1627. 
Ethyl homocuminylmethylmalonate, 674. 


19 Mi 


pp’-Dinitrobenzophenoneoxime picryl ether, 452. 
19H; s-Benzenyldi-s-tribromophenylamidine, 795. 

C,,H,,0,.N, p-Nitrobenzophenoneoxime picryl ethers, 451. 

C,,H,,0,N 4-Nitro-4’-benzoyldiphenyl, 805. 
4-Nitrobenzoyldiphenyls, 806. 

C,,H,,0,C1 3’-Chloro-4:4’-dimethoxybenzophenone, 1860. 

C,,H,,0,As 10-Phenylphenoxarsine-2-carboxylic acid, resolution of, and its phenylethylamine salt, 730. 

C,oH,,0,As 10-Phenylphenoxarsine-10-oxide-2-carboxylic acid, 730. 

C,.H,;0,N, Benzophenone 2:4-dinitrophenyl ether, 452. 

C,,H,,0,N, Acenaphthene-3-aldehyde 2:4-dinitrophenylhydrazone, 344. 
2-Benzenyldinitrophenylamidines, and its salts, 794. 
Benzenyl-N-p-nitrophenyl-N’-m-nitrophenylamidine, and its hydrochloride, 796. 
p-Nitrobenzenyl-N-p-nitrophenyl-N’:phenylamidine, and its hydrochloride, 796. 

C,oH,,N.Cl, s-Benzenyldi-p-chlorophenylamidine, and its salts, 794. 

C,,H,,ON 4-Amino-4’-benzoyldiphenyl, 805. 

C,,H,,N,Cl Benzenyl-N-p-chlorophenyl-N’-phenylamidine, and its hydrochloride, 795. 
Chlorodiphenylbenzamidines, 430. 

Gebel Br Benzenyl-N-p-bromophenyl-N’-phenylamidine, and its hydrochloride, 795. 

C,.H,,ON 7-Benzoyltetrahydrocarbazole, 41. 


C,,H,,0,N wr 4-hydroxy-2-phenylmethylquinoline-3-carboxylates, 430. 


dl-a-Furylmethyicarbinol iene oe 622. 

C,,.H,,0,N, 2-Phenylcyclohexany] 3:5-dinitrobenzoate, 75. 

€,,H,,ON, 2-Ketohexahydro-3:4-benzphenanthrene semicarbazone, 598. 

C,,H,,0,N Ethyl 9-methylcarbazole-3:6-dicarboxylate, 1297. 

€,,H,,0,N 2-Nitro-3:4:5-trimethoxy-a-p-methoxyphenylcinnamic acid, 1235. 
Dianhydrohexosazone methyl ether, 1774. 
7-isoPropyltetral-l-one 2:4-dinitrophenylhydrazone, 676. 

C,,.H,,0,N ayy-Trimethyilallyl p-xenylurethane, 1452. 

C,,H,,0.N ii ceed acid, 1235. 
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CON 1:3-Dichloro-5-(B-diethylamino)acridine, 1549. 
a 4 6-Methyl glucosazone, 860. 
‘oN, o-Methylbenzyl isopropyl ketone phenylsemicarbazone, 675. 
CHO .N, Ergometrinine, and its salts, 1167. 
C,,H,,0,N, Methyl galactose phenylosazone, 642. 
a Glycerol ay-bis-(3-hydroxy-4-acetylphenyl) ether hydrazone, 590. 

C..Ho. ON p-Dimethylaminobenzylidene-di-piperitone, 1599. 

C..H,.0,N, Ethy] 3-carbethoxy-1-methyl-4-isopropylcyclohexan-2-one-1-8-propionate semicarbazone, 1140. 
C,,H;,0,N, 9-Hydroxy-10-ketostearic acid semicarbazone, 1790. 


19 IV 


ae 1:3-Dichloro-5-phenoxyacridine, 1549. 
CoH, ORT 3-Chloro-5-phenoxyacridine, 1164. 
C,,H,,0,.NCl, Phenyl ‘telshhecetiphongtenhins: -2-carboxylate, 1165. 
C,.H,,0.N,Ci Benzenyl-N’-p-chlorophenyl-N-p-nitrophenylamidine, and its hydrochloride, 796. 
: 19H,,0,.N,Br Benzenyl-N’-p-bromophenyl-N-p-nitrophenylamidine, and its hydrochloride, 796. 
C,,H,,0,N,.S8 2-0-Nitrophenylthiobenzanilide, 331. 
2 -o siabansinendighenstbensnuliaie, 331. 
1-Nitro-5-m-nitrophenylsulphonyl-2-p-tolylsulphonylbenzene, 221. 
| -Intsephenpbubahongthelsinel onylbenzenes, 221. 
3-Nitro-4-p-toluenesulphonamidodiphenylsulphone, 220. 
19H,,N,C1,8, 5:5’-Dichloro-2:2’-diethylthiacyanine chloride, 1229. 
C,,H,,0,N,Cl 1:3:3-Trimethyl-2-8-anilinovinylindoleninium perchlorate, 1711. 
19 V 
CoH N§.Brat 7 ee SS iodide, 1229. 
@ nl N,PPd Dinitrito-p-toluidinobutylphosphinepalladium, 888. 


C,,H,.N 2PPd Dichloro-p-toluidinebutylphosphinepalladium, 888. 
C,,H,,NCl],AsPd Dichloro-p-toluidinobutylarsinepalladium, 888. 


C,, Group. 
C.,H,,O, 6:7-Methylenedioxy-1-(3’:4’-methylenedioxy Lem gy er atom -2:3-dicarboxylic anhydride, 746. 
Cools 20. 6:7-Methylenedioxy-1-(3’:4’-methylenedioxyphenyl)-2-hydroxymethylnaphthalenecarboxy- 
actone, 746. 
6:7-Methylenedioxy-1-(3’:4’- methylenedioxyphenyl)- 3-hydroxymethylnaphthalene-2-carboxylactone, 747. 
C..H,,0, Ethyl pa Pat doe tc -carboxylate, 785. 
C..H,,0, 6:7-Methylenedioxy-1-(3’:4’-methylenedioxypheny])-3-hydroxymethyl]-3:4-dihydronaphthalene-2- 


voy! dihydro-lactone, 747. 


C.oH,,0, (3:4-Methylenedioxy benzoy])-a-(3’:4’-methylenedioxybenzylidene)-8-methylenepropionic acid, 
746. 
C..H,,0, 4-Methoxybenzoyldiphenyls, 804. 
, _2-(3’:4’-Methylenedioxystyry])-5:8-dimethylchromone, 427. 
2 (3 4’-Methylenedioxystyryl)-6:8-dimethyichromone, 216. 
C..H,,0, 7-Acetoxy-6’:7’-dimethoxychromenocoumarin, 424. 
Diacetyloroxylin-A, 592. 
a-(3:4- -Methylenedioxybenzoy)) -B-(3:4-methylenedioxy benzyl)butyrolactone, 747. 
Fluorene-2-aldehyde phenylhydrazone, 345. 
1- (p-Aminobenzy. )aminoacridine, and its salts, 609. 
oH,,0 1-Keto-2-(1’-tetralylidene)-1:2:3:4- tetrahydronaphthalene, 1433. 

dl-Cubebinolide, 729. 
2:5-Dimethoxy-6- aes styryl ketone, 280. 

Methyl 2-carboxy-3:4-dihydrophenanthrene-1-8-propionate, 1850. 

Methyl £-benzoy]-a-veratrylidenepropionate, 588. 
6:7-Dimethoxy-3-veratrylidenechroman-4-one, 1833. 
4’-Acetyl-4-cyclohexyldiphenyl, 1594. 

Methyl p- keto-a-(8’-1-naphthylethyl)adipate, 1850. 
9-Methoxy-1:3’-dimethyl-3:4-dihydro-1:2-cyclopentanophenanthrene, 190. 

p-n- Heptoxy benzophenone, 1861. 

,O, p-Ethoxy-p’-n-amyloxybenzophenone, 1860. 
F ormyl! derivative of estrone methyl ether, 1851. 
Ethyl] 2-keto-4-p-methoxypheny]-4**-octalin-10-carboxylate, 1627. 

Hexamethyl dihydrogen hexacarboxycyclopentane-1-malonate, 153. 
2:5-Dimethyl-1-f- Se anthony: 1’-naphthylet maine semen 190. 
3-Hydroxy-7-methoxyhexahydro-1:2- oem syns eee te acetate, 758. 

C..H,,0; 7-Methoxy-2-methyloctahydrophenanthrene-2-carboxylic-1-8-propionic acid, 1851. 

C.oH,,0, Ethyl a-carbethoxy-f-phenyl-a-ethylglutaconate, 1806. 

CooH,,O, 11:12-Dihydroxyeicosanoic acid, 1754. 

Heptadecoin, 1634. 

20 II 

C..H,,0,N, 4:8-Dinitro-1-naphthaleneazo-8-naphthol, 1339. 

C.oH,,0,N, Resorcinol di-p-nitrobenzoate, 1830. 

2oH,,N,Br, Methyl-s-benzenyldi-s-tribromophenylamidine, 795. 

C..H,,0,N, Phenyl! p-tolyl ketoxime picryl ethers, 451. 
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C.0H, ;0N 


Formula Index. 


3-Benzoyl-9-methylearbazole, 1297. 


C.oH,;0,.N 5-Phenoxy-3-methoxyacridine, 1547. 
C..H,;0.N, 1-(p-Nitrobenzyl)aminoacridine, 609. 
ood 505 3’-Chloro-4-methoxy-4’-ethoxybenzophenone, 1360. 
'oH;,0,N, N-Methyl-s-benzenyldiphenylamidines, 794. 
CooH,,0,N, a-1-Naphthylisopropyl 3:5-dinitrobenzoate, 61. 
'9f1¢0,Br, dl-Dibromocubebinolide, 729. 
9H,,0,N, Nitrobicuculline, 201. 
C.H;,0,.N, d&Dinitrocubebinolide, 729. 
eoHigN2C]l, Methyl-s-benzenyldi-p-chlorophenylamidine, 795. 
C..H,,0.N, Benzenyl-N-p-nitrophenyl-N pare er seers and its hydrochloride, 796. 
C.H,,0,N Bicuculline, synthesis of, 199. 


Carbazole-3:6-bis-y-ketobutyric acid, 1298. 


C..H,,N.Cl_ Benzenyl-p-chlorophenylphenyl-N-methylamidines, and their salts, 796. 
Benzenyl-N-p-chlorophenyl-N’-p-tolylamidine, and its salts, 795. 
C..H,,N.Br Benzenyl-p-bromophenylphenyl-N-methylamidines, and their picrates, 796. 


C.oH,,0.N. 
nHL,,0,N 
CorHo,O.N, 


Naphthyliminobenzylurethanes, 432. 
Aminobicuculline, 202. 
Acetyldianhydrohexosazone, 1773. 
2-Benzylcyclohexany] 3:5-dinitrobenzoate, 75. 


Benzylcyclopentylcarbinyl 3:5-dinitrobenzoate, 75. 
Ethyl (p-nitrophenyliminobenzyl)malonate, 439. 
Ethyl (phenylimino-p-nitrobenzyl)malonate, 429. 


C2oH,,0: 
C29H,0.N 
C.oH,,0,N 


21 


C.oH,,0N 
C.oH230;N 
CoH.:N,Cl, 


1-Carboxymethylcyclohexane-1-acetnaphthylimides, 417. 
Carbazole-3:6-dibutyric acid, 1298. 
9-Acetamido-2:3:4:6-tetramethoxyphenanthrene, 1236. 
B-Cytisinoethyl p-nitrobenzoate, and its hydrobromide, 1775. 
B-Cytisinoethyl benzoate, and its hydrobromide, 1775. 
2-Methyl-7-isopropyltetral-l-one 2:4-dinitrophenylhydrazone, 674. 
1:3:7-Trichloro-5-(y-diethylamino-n-propylamino)acridine, 1550. 
4’-Acetyl-4-cyclohexyldiphenyl oxime, 1594. 
1-Carboxymethylcyclohexane-1l-acetnaphthylamic acids, 417. 
1:3-Dichloro-5-(y-diethylamino-n-propylamino)acridine, dihydrobromide of, 1549. 


1:4-Dichloro-5-(y-diethylamino-n-propylamino)acridine, dihydrobromide of, 1550. 
C,.H,,N,Br 1-Bromo-5-(y-diethylaminoethylamino)-3-methylacridine, 1549. 


C..H,,0,8 Di-n-butoxydiphenylsulphone, 1859. 

20 IV 
C..H,,0;N.8 2-Methylthiobenzo-2’-nitrodiphenylamide, 331. 
CoH, .0, Benzenesulphondibenzoylhydrazide, 585. 


20H ;60;N.S 2-Methylsulphonylbenzo-2’-nitrodiphenylamide, 331. 
C.oH,,0,NI Iodobicuculline, 202. 


C,,H,<N,1,Cu, ” . 
Cl Benzenyl-N-p-chlorophenyl-N’-p-methoxyphenylamidine, and its salts, 795. 


Bisdipyridyl-y-diiododicopper, 1509. 


1-Nitro-2:5-di-p-tolylsulphonylbenzene, 220. 
3:5-Dinitro-4-p-toluenesulphonamido-4’-methyldiphenylsulphone, 220. 
3-Nitro-4-p-toluenesulphonamido-4’-methyldiphenylsulphone, 220. 


O,NCl Ethyl (phenylimino-o-chlorobenzyl)malonate, 430. 


Cc 
CxrHy,O.N.S, Di-p 
C Ru Dichlorotetrap 


Di-p-toluenesulphonylphenylhydrazine, 1243. 
idinoruthenium chloride, 44. 


ooH oN 
CH, ON ta Chlorotetrapyridinohydroxoruthenium chloride, 44. 


CoH 30, 


C.oH,,N,C1,S,As,Pd, 


C.oH,.N.S. 


C.,H, 60, 
21: 1603 
21 1603 


C,H, .N, 
C,,H,.0, 


8, 





NN’-Bis-(B-p-toluenesulphonamidoethyl)ethylenediamine, and its dihydrochloride, 1519. 


20 V 


Dichlorobis(propylarsine)-y-dithiocyanatodipalladium, 887. 
2Pd Dithiocyanatebis(propylarsine)palladium, 887. 


C,, Group. 


Salicylidenedeoxybenzoin, 807. 
4-Acetoxy-3-benzoyldiphenyl, 804. 
Diacetoxy-7’-methoxychromenocoumarins, 425. 
Diacetoxy-8’-methoxychromenocoumarins, 425. 


Anthracene-9-aldehyde sree op See 344. 
2-(3’:4’-Methylenedioxystyry]) 


-3:5:8-trimethylchromone, 427. 


2-(3’:4’-Methylenedioxystyryl)-3:6:8-trimethylchromone, 216. 


oH" o 
C.,H,.0, 


s-Benzenyldi-m-tolylamidine, 794. 
2-n-Heptylanthraquinone, 1841. 
Ethyl 3-keto-1-furyloctahydrophenanthrene-2-carboxylate, 755. 


6-Methoxy-2-veratrylidene-a-tetralone, 756. 
C.,H,.0; 
C,,H,,0, 
C.,H,,0, 
C.,H,,0, 


2-(4’-Heptylbenzoyl)benzoic acid, 1841. 

Ethyl 2-(8-4-methoxy-1-naphthylethyl)cyclopentanone-2-carboxylate, 189. 

a-(3:4- Dimethoxy benzy])-y-(3’:4’-dimethoxyphenyl)butyrolactone, 729. 

p-(3:4- Dimethoxybenzoy])-a-(3’:4’-dimethoxybenzyl)propionic acid, 729. 
1923 
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C.,H,,0, 2-Acetoxy-10-methoxydodecahydrochrysene acetate, 758. 
2-(4’-Heptylbenzy!)benzoic acid, 1841. 
C,,H,,0, th 1 a-carbethoxy-f-phenyl-a-methyl-y-ethylglutaconate, 1806. 
C,,H,,0, Methyl -(2:2:6-trimethyl-4*-cyclohexenyl)-8¢-dimethyl-4°7*%-octatetraene-a-carboxylate, 563. 
C.,H;,0, 13-Keto-15-phenylpentadecoic acid, 282. 
C,,H,,0 Substance, from oxidation of calciferol, 907. 
C.,H;,0, 15-Phenylpentadecoic acid, 282. 


21 


C,,H,,0,.N, Phloroglucinol methyl ether di-p-nitrobenzoate, 631. 

C.,H,,0,.N, 5-Phenyl-5-(4’-diphenylyl)hydantoin, 94. 

C.,H,,0,;N, Acetylbenzenyldinitrophenylamidines, 794. 
2144;g0,N, 2:4:2’:4’-Tetranitrobenzophenone-p-dimethylaminoanil, 1479. 

C.,H,,0,N 4-Acetamido-4’-benzoyldiphenyl, 805. 

C,,H,,0,Cl 3’-Chloro-4-methoxy-4’-n-propoxybenzophenone, 1860. 

C,,H,,N,I s-(2-Pyridyl methiodide)-5-acridylethene, and its hydrochloride, 1486. 

C,,H,,0,N, iol Stalbcchesnuphentne-p-dinetieiemtunnl, 1479. 

C,,H,,0;N, 1-Keto-7-methoxy-1:2:3:4-tetrahydrophenanthrene 2:4-dinitrophenylhydrazone, 750. 

C,,H,,0,N, Di-p-anisyl ketone 2:4-dinitrophenylhydrazone, 506. 
2:3-Dimethoxybenzophenone 2:4-dinitrophenylhydrazone, 348. 

C,,H,,0,N, Anhydrocotarnine-6-nitro-3:4-methylenedioxyphthalide, 201. 

Benzoylacetyltetrahydrocarbazoles, 40. 
Benzeny!-N -p-nitrophenyl-N’-m-4-xylylamidine, and its hydrochloride, 796. 
Diacety]-2:5-diketo-3-(2’-amino-4’-tolyl)isoindolinopyrazolidocoline, 1105. 
9-Methylcarbazole-3:6-bis-y-ketobutyric acid, 1298. 
Br See ST ae ene naam mE ETO 729. 
icrotonol p-nitrobenzoate, 294. 
Anhydrocotarnine-6-amino-3:4-methylenedioxyphthalide, 201. 
Anhydrolodal-6-nitro-3:4-methylenedioxyphthalide, 201. 
1:2:3-Triketotetramethylcyclopentane hydrate 2:4-dinitrophenylosazone, 272. 
1-Nitro-2-n-heptylanthraquinone, 1841. 
B-(3:4-Dimethoxybenzoyl)-a-(2’-bromo-4’:5’-dimethoxy benzylidene)propionic acid, 729. 
Strychnine, elaine degradation of, 1695. 
9-p-Nitrobenzoyl-6-ethylhexahydrocarbazole, 1298. 
1-Keto-7 -castiesaposiolpteepinnaitineens 2:4-dinitrophenylhydrazone, 751. 
Anhydrolodal-6-amino-3:4-methylenedioxyphthalide, 201. 
1-Amino-2-n-heptylanthraquinone, 1842. 
y-Cytisinopropyl p-nitrobenzoate, hydrobromide of, 1775. 
Caryophyllenic dianilide, 742. 
»N, y-Cytisinopropyl benzoate, hydrobromide of, 1775. 

C,,H,,ON f-Naphthylaminomethylene-dl-menthone, 1600. 

C,,H,,ON, 4’-Acetyl-4-cyclohexyldiphenyl semicarbazone, 1594. 
5-(B-Diethylaminoethylamino)-3-methoxyacridine, dihydrobromide of, 1548. 
2-Methyl-7-isopropyltetral-l-one, 674. 

C,,H,,0,N, y-Cytisinopropyl p-aminobenzoate, hydrobromide of, 1775. 
y-Cytisinopropy! phenylearbamate, hydrobromide of, 1775. 

C,,H,,0,N, «-Cyperone 2:4-dinitrophenylhydrazone, 671. 

B-Cyperone 2:4-dinitrophenylhydrazone, 674. 

(,,H,.N,Br 1-Bromo-5-(y-diethylamino-n-propylamino)-3-methylacridine, dihydrobromide of, 1549. 

C,,H,,ON, a ae ae ce Ae ae a ma dihydrobromide of, 1548. 
5-(y-Diethylamino-n-propylamino)-3-methoxyacridine, dihydrobromide of, 1548. 

C.,H,,0,N Svdocnstentunceinen, and their salts, 733. 


C.,H,,0,N, 2-Methylcyclohexyl eee canes 2:4-dinitrophenylhydrazone, 1143. 


C.,H,,0,N, 1:10-Dimethyl-7-ssopropyldecal-2-one 2:4-dinitrophenylhydrazone, 1141. 
Tetrahydro-a-cyperone 2:4-dinitrophenylhydrazone, 671. 
C,,H,,0;,N, Hydroxymethylenetetrahydro-a-cyperone 2:4-dinitrophenylhydrazone, 672. 


21 IV 


C,,H,,ON,Br, Acetyl-s-benzenyldi-s-tribromophenylamidine, 795. 

C,,H,,ON,Cl Benzenyl-N-p-chlorophenyl-N’-p-ethoxyphenylamidine, and its salts, 795. 

C,,H,.N,8,Br, 5:5’-Dibromo-2:2’-diethylthiacarbocyanine bromide, 1230. 

C,,H,.0,N,8 1-Methylamino-5:10-dihydroacridine p-toluenesulphonamide, 608. 
21H,,0,;N,Cl 1:3:3-Trimethyl-2-8-acetanilidovinylindoleninium perchlorate, 1711. 

C.,H, /0,NCI Papaverinol methochloride, 732. 

C,,H,;N,CIBr 7-Chloro-1-bromo-5-(y-diethylamino-n-propylamino)-3-methylacridine, 1550. 

C,,H,,0,N,As, Azelanilide-pp’-diarsonic acid, 903. 


21 V 


C,,H,,N,C1,IS, 5:5’-Dichloro-2:2’-diethylthiacarbocyanine iodide, 1229. 
C.,H..N,CUS 5-Chlorodiethylthiacyanine iodides, 1229. 
C,,H,,.N,BrIS 5-Bromodiethylthiacyanine iodides, 1229. 
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Formula Index. 


C,, Group. 
C,,.H,, Methyl-2’:1’-naphtha-1:2-fluorenes, 58. 
™ 10-Methyl-3:4:10:11-tetrahydro-2’:1’-naphtha-1:2-fluorene, 57. 
3-(B-1’-Naphthylethyl)-2-methylindene, 57. 
22 II 


C..H,,0 Methyl-2’:1’-naphtha-1:2-fluorenones, 58. 
C..H;.0, Dimethyl 6:7-methylenedioxy-1-(3’:4’-methylenedioxypheny])naphthalene-2:3-dicarboxylate, 
746. 


CrsH.0, 6:7-Methylenedioxy-1-(3’:4’:5’-trimethoxyphenol)-3-hydroxymethylnaphthalene-2-carboxy- 
actone, 352. 
C..H,,0, 5:7-Diacetoxy-6’:7’-dimethoxychromenocoumarin, 424. 
22Feg0, 2-(3’:4’-Methylenedioxystyryl)-6:8-dimethyl-3-ethylchromone, 217. 
2-(3’:4’-Methylenedioxystyryl)-5:8-dimethyl-3-ethylchromone, 427. 
C.2H.,0, 6:7-Methylenedioxy-1-(3’:4’:5’-trimethoxypheny])-3-hydroxymethyl1-3:4-dihydronaphthalene-2- 
carboxylactone, 351. . 
a6-Di-(2-quinolyl)butane, 183. 
2H,,0, Ethyl 3-keto-7-methoxy-1-a-furylhexahydrophenanthrene-2-carboxylate, 756. 
7-Hydroxymethoxy-8-isoamylchromenocoumarins, 425. 
C..H,.0, 8-3:4-Dimethoxybenzoyl-a-3-methoxy-4-ethoxybenzylidenepropionolactone, 1002. 
eee imethoxypheny])-3-hydroxymethyl-3:4-dihydronaphthalene-2-carboxylactone, 
728. 


C,2H oN 
C, 


C,,H,,0, -(3:4:5-Trimethoxybenzoyl)-a-veratrylidenepropionolactone, 589. 
. s 1-Hydroxy-6:7-methylenedioxy-1-(3’:4’:5’-trimethoxyphenyl)-3-hydroxymethyl-1:2:3:4-tetra- 
ydronaphthalene-2-carboxylactone, 351. 
a-(3:4:5-Trimethoxy benzoy]l)-8-(3:4-methylenedioxybenzyl)butyrolactone, 351. 
C.,.H,.N, N-Methyl-s-benzenyldi-m-tolylamidine, 794. 
C..H,,0, Ethyl 3-keto-1-furyl-2-methyloctahydrophenanthrene-2-carboxylate, 756. 
. a-(3:4-Dimethoxy benzoy]l)-8-(3’:4’-dimethoxybenzyl)butyrolactone, 727. 
B-3:4-Dimethoxybenzoyl-a-3-methoxybenzylidenepropionic acid, 1002. 
a Se ny ee ee ee 
ctone, 728. 
C..H.,0, dl-Matairesinol dimethyl ether, 728. 
C.,H.,0,, Octamethyl 4°*-hexadieneoctacarboxylate, 150. 
22He,0,, Octamethyl dihydrogen hexacarboxycyclopentane-1-malonate, 152. 
C.,H,,0, a- and f-Licanic acid—maleic anhydride compounds, 1483. 
C..H;,0, Ethyl 6-(2:2:6-trimethyl-4*-cyclohexeny])-8{-dimethyl-4*”*7-octatetraene-a-carboxylate, 562. 
C..H,,0, Ethyl 8-hydroxy-6-(2:2:6-trimethyl-4*-cyclohexenyl)-8{-dimethyl-4%"-octatriene-a-carboxylate, 
3. 
22 I 
C,,H,,0,N, 1-Methoxy-3-nitrophenyl-4-(2”:4’’-dinitrobenzylidene)-3:4-dihydrophthalazines, 1712. 
C..H,,0,N, Phthalideacetdianilide, 1104, 
2H,,0,N, Phenyl-4-diphenylylacetylenediureide, 94. 
C..H,,0,N, N-Carbethoxy-s-benzenyldinitrophenylamidines, 797. 
190,Cl, 888-Trichloro-4:4’-diacetoxy-3:3’-dicarbomethoxy-aa-diphenylethane, 555. 
C,.H,,N,I s-(2-Pyridyl ethiodide)-5-acridylethene, 1486. 
C..H..0,N, 1-Keto-7-methoxy-8-methyl-1:2:3:4-tetrahydrophenanthrene 2:4-dinitrophenylhydrazone, 318. 
4-Keto-7-methoxy-1-methyl-1:2:3:4-tetrahydrophenanthrene 2:4-dinitrophenylhydrazone, 321. 
C..H..N s-2-Pyridyl-5-acridylethene dimethiodide, 1486. 
C,,H,.0,N, Deoxyanisoin phenylhydrazone, 400. 
5-Hy: ee hexahydrophenanthreno-1’:2’)pyrazole, 752. 
C..H,.0.N, 1- nol anthony Dantigiheiedia henanthrene 2:4-dinitrophenylhydrazone, 194. 
C,,H,.0; N, dl-Tetranitromatairesinol dimethyl ether, 729. ¥ 
C..H,,0,Br Methyl §-(3:4-dimethoxybenzoy]l)-a-(2’-bromo-4’:5’-dimethoxy benzylidene)propionate, 729. 
C,.H,,0,N, Adipodi-2-vinylanilide, 183. 
O,N, £-Cytisinoethyl cinnamate, hydrobromide of, 1775. 
dl-Dibromomatairesinol dimethyl ether, 729. 
dl-Dinitromatairesinol dimethyl ether, 729. 
Homocaryophyllenic dianilide, 742. 
Hydroxymethylene-a-cyperone 2:4-dinitrophenylhydrazone, 671. 
,ON, 2:5-Dimethyl-3-isopropyltetral-l-one phenylsemicarbazone, 675. 
°H,.0,N. Dihydro-a-cyperol 3:5-dinitrobenzoate, 672. 
P:R ee dy ab Pee) Dat od say acetophenone azine, 590. 
C,,H,,ON Dibenzyl-8-piperidinoethylcarbinol, 401. 
C,.H3,0,8 ib-a-caplonydiahetetalahenn, 1860. 
C..H;;0,N, 13-Keto-15-phenylpentadecoic acid semicarbazone, 282. 
C,.H,,ON, dl-Menthone-d-neomenthylglycinehydrazone, 1225. 
l-Menthone-l-menthylglycinehydrazone, 1225. 99 IV 


C..H,,0,,.N.8, Di-m-nitrobenzenesulphon-8-nitro-a-naphthalide, 1847. 
eo 5 2 Di-m-nitrobenzenesulphon-a-naphthalide, 1846. aie 
C..H,;0,N,Cl, 1-Methoxy-3-(2”:6’-dichloro-4’-nitrophenyl)-4-(4”-nitrobenzeneazomethyl)phthalazinium 


perchlorate, 1712. 
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22 IV—23 V Formula Index. 


C..H,,0,N,Cl 1-Methoxy-3-nitrophenyl-4-(4’’-nitrobenzeneazomethyl)phthalazinium perchlorates, 1712. 
C..H,,0,N.Cl, N-Carbethoxy-s-benzenyldi-p-chlorophenylamidine, 797. 
C,.H,,0,N “ 1-Methoxy-3-(4’-nitrophenyl)-4-(benzeneazomethyl)phthalazinium perchlorate, 1712. 












a: tr, 5:5’-Dibromo-8-methyl-2:2’-diethylthiacyanine bromide, 1230. 
C..H,,ON,Cl a-Aldehydo-8-(2:2:6-trimethyl-4*-cyclohexeny])-8-methy]-4*”-butadiene p-chlorobenzoy]- 
hydrazone, 562. 
C,.H.,0;N.As Sebacanilide-p-arsonic acid, and its sodium salt, 905. 
C,.H;,0,N,As, Sebacanilide-pp’-diarsonic acid, and its sodium salt, 905. 


22V 
C..H,,N,CI,IS, 5:5’-Dichloro-8-methyl-2:2’-diethylthiacyanine iodide, 1230. 
22H 5N Iodo-aa’-dipyridyltributylphosphinecopper, 1508. 


C..H,,N,IAsCu lodo-aa’-dipyridyltributylarsinecopper, 1509. 
C,.H,.N,S,As,Pd, Dithiocyanatobis(propylarsine)-y-dithiocyanatodipalladium, 887. 


C,, Group. 
€.,;H.. Dimethyl-3:4:10:11-tetrahydro-2’:1’-naphtha-1:2-fluorenes, 58. 
3-(B-1’-Naphthylethyl)dimethylindenes, 58. 


23 
C,,H,,0, Benzoyloroxylin-A, 592. 
C.,;H,,Br 8-Bromo-5-10-dimethyl-3:4:10:11-tetrahydro-2’:1’-naphtha-1:2-fluorene, 60. 
7-Bromo-3-(8-1’-naphthylethyl)-2:4-dimethylindene, 60. 
€,.H..0, Anisoyldianisylcarbinol, 507. 
€.;H..0, 6-Methoxy-7-ethoxy-1-3’:4’-dimethoxyphenylhydroxymethylnaphthalenecarboxylactones, 1002 
C.;H,,0, 7-Hydroxy-6’:7’-dimethoxy-8-isoamy Seuatennannmmein 424, 
a eS Ue ean Ne a nee 
actone, 1002. 
C,,H,,0, 8-3:4-Dimethoxybenzoyl-a-3-methoxy-4-ethoxybenzylidene-8-methylenepropionic acid, 1002. 
B-3-Methoxy-4-ethoxy benzoyl-a-3:4-dimethoxybenzylidene-8-methylenepropionic acid, 1002. 
C.;H,;N Cevanthridine, crystallography of, 414. 
C,;H,,.0; tient pe dihydro-a-campholytate, 736. 
p-Phenylphenacy] dihydroisolauronolate, 736. 
C,,;H,,0, a-3:4-Dimethoxybenzoyl-8-3-methoxy-4-ethoxybenzylbutyrolactone, 1001. 
23H,0, Trianhydroemicymarigenin, 444. 
C.;,H,,0, a-Anhydrodigoxigenone, 355. 
C.;H,,0, dl-Arctigenin ethyl ether, 1001. 
a- and f-3:4-Dimethoxybenzyl-3-methoxy-4-ethoxy benzylbutyrolactones, 1001. 
C.;H,,0, pp’-Di-n-amyloxybenzophenone, 1860. 
C,;H,,0,; Methyl 3-methoxyhexcarboxycyclopentane-1-malonate, 152. 
C.;H;.0, Anhydrodigoxigenins, 355. 
hydroemicymarigenin, 445. 
Anhydroalloemicymarin, 447. 
C.,;H,,0, Tricosanoic acid, 285; crystallography of, 717. 


23 I 


C.;H,,0,N, Amino-acid, from Héchst yellow U, 1476. 
C,,;H,,0.N, 4-Hydroxy-2-phenylquinoline-3-carboxylic p-toluidide, 429. 
C.3;H,,0,.N, 2-(5’-Methyl-1’:2’:3’-benztriazolyl)isoindolinone-3-acetanilide, 1106. 
C.3H.0,N, 2-(2’-Nitro-4’-tolylamino)isoindolinone-3-acetanilide, 1103. 
C.;H..0,N, 2-(1’-Naphthyl)cyclohexanol, 76. 
C.;H..0,N, 2-(1’-Naphthyl)cyclohexanyl 3:5-dinitrobenzoate, 76. 
C.;H,,0,N y-Phenyl-a-methylallyl p-xenylurethanes, 86. 
8-(2-Pyridyl ethiodide)-(5-acridyl methiodide) ethene, 1486. 
C,,;H,,0 2-(1’-Naphthyl)cyclohexanylphenylurethane, 76. 
C,.,H,,.0,N, y-Cytisinopropyl cinnamate, hydrobromide of, 1775. 
20,Br, Dibromoarctigenin ethyl ethers, 1000. 
C,,H,,0,.N, Dinitroarctigenin ethyl ethers, 1000. 
C.;H..0,.N, 1:1-Dimethoxy-2:2:3:3-tetramethylcyclopentanedione 2:4-dinitrophenylosazone, 273. 
C.,;H.,ON 13-Keto-22-phenylbehenic anilide, 282. 
300,N, a-Anhydrodigoxigenone dioxime, 355. 
C20H ON, a-Aldehydo-8-(2:2:6-trimethy]-4*-cyclohexeny])-8-methyl-4*”-butadiene p-tolylsemicarbazone, 
562. 


5-(8-Diethylaminoethyl-n-propylamino)-3-methoxyacridine, dihydrobromide of, 1548. 


23 IV 
C.,;H,,0,;N,I 1-Methoxy-3-nitrophenyl-4-(8-phenylethyl)phthalazinium iodides, 1710. 
C.,H. 4 5:5’:9-'Tribromo-2:2’ -diethylt iadicarbocyanine bromide, 1231. : 
C.;H,;N.S,Br, 5:5’-Dibromo-2:2’:8-triethylthiacarbocyanine iodide, 1230. 

23 V 
C,;H,.N,C1,IS, 5:5’:9-Trichloro-2:2’-diethylthiadicarbocyanine iodide, 1230. 
C,;H,,N,C1,IS8, 5:5’-Dichloro-2:2’-diethylthiadicarbocyanine iodide, 1230. 
C,,;H,;N,C1,IS, 5:5’-Dichloro-2:2’:8-triethylthiacarbocyanine iodide, 1230. 
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Formula Index. 





C,, Group. 


C.,.H39 4:4’-Dicyclohexyldiphenyl, 1594. 


C.,4H,,0, 3-Benzoyl-6:8-dimethylflavone, 217. 
8-Methoxy-4-phenacylideneflavene, 257. 

,.H..0, 3-Benzoylchrysin dimethyl ether, 269. 

C.,H,,0, Benzoylmethyloroxylin-A, 592. 

C.,H..0, 8-Methoxy-4-phenacylflavene, 257. 

C.,H. 0; 4’-Benzyloxy-5:7-dimethoxyflavone, 570. 
egHo20, 3-Methoxysalicylidenediacetophenone, 256. 

C.,H..0, 2-Hydroxy-4’-benzoyloxy-4:6-dimethoxychalkone, 570. 
e440, 7-Acetoxymethoxy-8-isoamylchromenocoumarins, 425. 
egegO, a-Acetyl-af-bis-(3:4-dimethoxybenzyl)butyrolactone, 728. 

C.,H,,0, §-Dihydroxycholadienic acid, 467. 

C.,H,,0, Xylene-8-apocholic acid, 468. 

13-Ketotetracosanoic acid, 284. 
C.,H,,0, Lignoceric acid, crystallography of, 717. 
Tetracosanoic acid, 284. 
24 I 


C.,H,,0,.N Dibenzo-a-naphthalide, 1846. 

C.,H,,ON, s-(Phenyliminobenzyl)naphthylureas, 432. 
C.,H.,0,.N, N-Carbethoxy-s-benzenyldi-m-tolylamidine, 797. 

ogHosO2N Mamoeuniagt alcohol p-xenylcarbamate, 674. 
C,,H,;0,N Ethyl carbazole-3:6-bis-y-ketobutyrate, 1298. 
C.,H.,O.N, trans-2-Benzyl-2-decalol 3:5-dinitrobenzoate, 70. 
C.,H.,0O.N 3-Hydroxyhexahydro-1:2-cyclopentanophenanthrene phenylurethane, 764. 
C.,H;,0,N,; «-Anhydrodigoxigenone semicarbazone, 3 

90,01 3-Chloroallocholanic acid, 737. 
Methy] 3-chloroallonorcholanate, 738. - 
IV 


C.,H,,0,Cl,Fe 8-Methoxy-4-phenacylflavylium ferrichloride, 257. 
Crear Ooll 8 p-Nitrobenzylidene-d-camphor-10-sulphonoxyphenyl-a-methylhydrazine, 1223. 
H,,0,N.8 Benzylidene-p-d-camphor-10-sulphonoxyphenyl-a-methylhy ine, 1223. 
Cntl0, EON p-Toluenesulphony]-p-nitrobenzyl-1-menthylamine, 1224. 
p- ee -1-menthylamide, 1224. 
CH saCl,P.Pd, Dichlorobis(tributylphosphine)-u-dichloropalladium, 883. 
2gFL gC, Dichlorobis(tribut ae -p-dichloro ae dium, 884. 
Ctl eaLP Di-iodobis(tributylphosphine)-u-di-iododipalladium, 883. 
C.,H,.Br,As,Cu, Tetrakis(bromotriethylarsinecopper), 1508. 
C.,Heo1,P,Cu, Tetrakis(iodotriethylphosphinecopper), 1507. 
C,,HeoI,As,Cu, Tetrakis(iodotriethy arsinecopper), 1508. 


av 


C,,H;,0,N.P,Pd Dinitritobis(butylphosphine)palladium, 886. 
on OP d Dinitritobis(tributylarsine)palladium, 886. 
cae - 2 Dinitritobis(butylphosphine)-u-dinitritodipalladium, 885. 
C.,H Horse, 2 Chloroethylthiobis(butylphosphine)-y-dichlorodipalladium, 889. 


C,, Group. 


C.,H,,0 Phenyl B- phenyl- B-1- rae hth pons ketone, 993. 
C.;H,,0; 7-Methoxy-3’:4’-methylen co 2-styryl-3-phenylchromone, 299. 
C.;H,,.0, §-Hydroxy-8-phenyl-8-1-naphthylpropiophenone, 993. 
C,;H.,0 4’-Benzoyl-4-cyclohexyldiphenyl, 1594. 
C.;H.,0. w-4’-Benzoyloxy benzoy]-2:4:6-trimethoxyacetophenone, 570. 
25H20, 7-Acetoxy-6’:7’-dimethoxy-8-isoamylehromenocoumarin, 424. 
Cis O1e Ethyl a-(3:4:5-trimethoxy benzoy])-B-(3:4-methylenedioxy benzyl)butyrolactone-a-carboxylate, 


C,H... Methyl £-dihydroxycholadienate, 467. 
esH4o0, Methyl B-apocholate, 468. 
25 I 


C,,H,,OBr «-Bromo-f- cpa -B-1-naphthylpropiophenone, 998. 

CosHiell 8-(2-Quinolyl methiodide)-5-acridylethene, and its hydrochloride, 1486. 
C,;H,,ON 4’-Benzoyl-4-cyclohexyldiphenyl oxime, 1594. 

C.;H.,0.N yer bem hero pete oe phenylurethane, 761. 

C,;H.,0,N, y-Cytisinopropy! a-naphthylcarbamate, and its hydrobromide, 1775. 
C,;H.,0,N Ethyl 9-methylcarbazole-3:6-bis-y-ketobutyrate, 1298. 

C.;H,,0,.N 2-Hydroxydodecahydrochrysene phenylurethanes, 761. 

C,;H,,0,C]1 Methyl 3-chloroallocholanate, 737. aw 


C,,H,,0,N,Cl 7-Chloro-1-methoxynaphthalene-2:4-dicarbanilide, 1776. 
“Br 7-Bromo-1-methoxynaphthalene-2:4-dicarbanilide, 1776. 
1927 









25 IV—27 I Formula Index. 


C,,H,,0,N,Cl, 1-Methoxy-3-(2’:6’-dichloro-4’-nitrophenyl)-4-p-dimethylaminostyrylphthalazinium per- 
chiorate, 1710. 

C.;H.,0,N,Cl 1- yop -3-nitrophenyl-4-p-dimethylaminostyrylphthalazinium perchlorates, 1710. 

C.;H,,0,N,Cl §-Keto-8-hydroxy-6-(2:2:6-trimethyl-4*-cyclohexenyl)-¢-methyl-4*7-octadiene p-chloro- 
benzoylhydrazone, 562. 


25 V 
C.;H,;,N.8,Cl,I 5:5’-Dichloro-2:2’-diethylthiatricarbocyanine iodide, 1231. 


C,, Group. 


C.gHos ob. Di-1-naphthyl-8y-dimethylbutane, 61. 
C..H,, 2:2’-Dibenzyldicyclohexyl, 79. 


4-Benzoyloxy-3-benzoyldiphenyl, 804. 
8: 4’-Dimethoxy-4-(p-methoxyphenacylidene)flavene, 257. 
2-Acetoxy-4’-benzyloxy-4:6-dimethoxychalkone, 570. 
ad-Di(methoxy-1-naphthyl)butanes, 189. 
3-Methoxysalicylidenedi-(p-methylacetophenone), 257. 
3-Methoxysalicylidenedi-(p-methoxyacetophenone), 257. 
Galiosin, 1714. 

C.,H.,0,; Rubiadin primveroside, 1718. 

C.,H,,0,, Ruberythric acid, 1702. 

C.,H.,N, 4’-Acetyl-4- cyclohexyldiphenyl phenylhydrazone, 1594. 


26 III 


C.,H,,0,N, Benzoyl-s- peneeneieheng eto, 794. 

egHa90;N, 4-Methoxybenzoyldiphenyl 2:4-dinitrophenylhydrazones, 804. 
C,.H,,0,N 7:9-Dibenzoyltetrahydrocarbazole, 41. 

20,N, 1-Keto-2-(1’-tetralylidene)-1:2:3:4-tetrahydronaphthalene 2:4-dinitrophenylhydrazone, 1433. 
on 8-2- Quinolyl- 5-acridylethene dimethochloride, 1487. 
s-2-Quinolyl-5-acridylethene dimethiodide, 1487. 
TON, 5-Benzamido-9-benzoylhexahydrocarbazole, 900. 

Cons 1 ecntmido- 9-benzoylhexahydrocarbazole, 901. 
C.,.H.,0,.N, Picrotonol, 288. 
C.,H.,ON, 4’-Benzoyl-4-cyclohexyldiphenyl semicarbazone, 1595. 
C.,H,,0,N, Galactosazone tetra-acetate, 1773. 

Glucosazone tetra-acetate, 1773. 


CoeHanO 4 2 Hexa-ethyl 4**-hexadieneoctacarboxylate dichloride, 150. 


C.,H,,0 Benzylidene-l-menthone-l/-menthylglycinehydrazine, 1225. 
egH330 1-Amino-2-n-dodecylanthraquinone, 1842. 
C,.H,,0.N, — -§-hydroxy-6-(2:2:6-trimethyl-4*-cyclohexeny])-{-methyl-4®-octadiene p-tolylsemicarb- 
azone, 5 
C..H,,0,N, Nitrososolanocapsine, 1540. 
C.,H,,ON, «poSolanocapsine, 1540. 
C,,H,,0,N, Solanocapsine, and its salts, 1540. os tv 


C,,.H,,ON,Br, Benzoyl-s-benzenyldi-s-tribromophenylamidine, 795. 
C.,H,,ON.Cl, Benzoyl-s-benzenyldi-p-chlorophenylamidine, 795. 
19ON,Cl Benzoylbenzenyl- N-p-chlorophenyl-N’-phenylamidine, 795. 

CueH.,0.N-C1 6-Chloro-7-benzamido-9-benzoylhexahydrocarbazole, 902. 

C.,H,;0,C1,Fe 8-Methoxy-4-(p-methylphenacyl)-4’-methyiflavylium ferrichloride, 258. 

eeH230,Cl,Fe 8:4’-Dimethoxy-4-(p-methoxyphenacy]l)flavylium ferrichloride, 257. 
C..H,0.N.8 1-(B-Diethylaminoethyl)amino-5:10-dihydroacridine p-toluenesulphonamide, 609. 
C. 2 p-Camphor-10-sulphonamidophenyl] d-camphor-10-sulphonates, 1221. 
C..H,.0.N.S, Di-d-camphor-10-sulphonyl-p-phenylenediamine, 1221. 


26 V 


C,,.H,,0,Cl,P.Pd, re -u-dichlorodipalladium, 885. 


C.,.H;,0,N . ee meee eae ——s -p-dinitritodipalladium, 886. 
Cc N Dithiocyanatobis(butylphosphine)palladium, 887. 


C..H,.N,S.As,Pd Dithiocyanatobis(butylarsine)palladium, 886. 


26 VI 


C.,H;,N,C1,S,P,Pd, “Dichlorobis(butylphosphine)-u-dithiocyanatodipalladium, 887. 
C.,H;,N.Cl,S,As.Pd Dichlorobis(butylarsine)-u-dithiocyanatodipalladium, 886. 


C,, Group. 


C.,H,,N, 2:8-Bisbenzylideneaminoacridine, 1485. 
- 3 4-Methoxy-3:4’-dibenzoyldiphenyl, 804. 
C,,H,,0, 2-(3’:4’-Methylenedioxystyryl)-3-benzyl-5:8- -dimethylchromone, 428. 
C.,H,,0, Smilagenone, 1403. 
o7H4,0, Deoxysmilagenin, 1403. 
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Formula Index. 


C.,-H,,0, Sarsasapogenins, 1402. 

Smilagenin, 1402. 
C.-H,;I Cholesteryl iodide, 910. 
C.,H,.0, §-7-Hydroxycholesterol, 1439. 
C.,H,.0; 8-7-Hydroxycholesterol oxide, 1439. 
C.,H,,0, Tetrahydroxycholestane, 1439. 


27 I 
C,,H,,ON, 2:8-Dibenzylideneaminoacridone, 93. 
C.,H,,0,N 3:6-Dibenzoyl-9-methylcarbazole, 1297. 
C.,H,,0.N, 2:8-Bis-salicylideneaminoacridine, 1485. 
C,,H,,0;N, 2:8-Dibenzamidoacridone, 93. 
C.,H,,0,N, 1-Methoxy-3-p-nitrophenyl-4-(5’-keto-1’-pheny]-3’-methylpyrazolinylidene-ethylidene)-3:4- 
dihydrophthalazine, 1711. 
C.,H,,0,N, 4:4’-Bis(nitrobenzylidenehydrazino)diphenylmethanes, 316. 
C.,H,.N,Br, 3:3’-Dibromo-4:4’-bis( benzylidenehydrazino)diphenylmethane, 316. 
C.,H,,0.N, 4:4’-Bis-salicylidenehydrazinodiphenylmethane, 316. 
C.,H.,N.I, s-(2-Quinolyl ethiodide)-(5-acridyl methiodide)ethene, 1487. 
C.-H,;0;N Ethyl benzoyl(phenyliminobenzyl)malonate, 429. 
C.,H;,0,N, a-Aldehydo-6-hydroxy-6-(2:2:6-trimethyl-4*-cyclohexenyl)-8£-dimethy]-4°%-octatriene  semi- 
carbazone, 563. 
C.7H;,0,,.N Diacetylaconitoline, 82. 
C.7Hys N Solanidine, in sprouting potatoes, 1299. 
C.,H,,0,C1 Smilageny] chloride, 1403. 
27 IV 


C,,H.,0.N,Br, 3:3’-Dibromo-4:4’-dibenzamidodiphenylmethane, 316. 

C.,H,.0,N,Br, 3:3’- Dibromo-4:4’-bis(nitrobenzylidenehydrazino)diphenylmethanes, 316. 

C.,H,.0.N,Br, 3:3’-Dibromo-4:4’-bis-salicylidenehydrazinodiphenylmethane, 316. 

C,,H,;0,N,C1 (1:3:3-Trimethyl-2-indolenino)(1’-methoxy-3’-p-nitropheny]-3’:4’-dihydro-4’-phthalazino)- 
cyanine perchlorate, 1710. 


27 V 
C.,H.;N.CI,IS, 5:5’-Dichloro-8-pheny]-2:2’-diethylthiacarbocyanine iodide, 1230. 
C,,H.,N.Br,IS, 5:5’- Dibromo-8-pheny]-2:2’-diethylthiacarbocyanine iodide, 1230. 
27 VI 


C.,H..0,N,C1,IS (5-Chloro-2-ethyl-1-benzthiazolo)(1’-methoxy-3’-[2’”’:6”’-dichloro-4’’-nitropheny]]-3’:4’-di- 
hydro-4’-phthalazino)carbocyanine iodide, 1711. 


C,, Group. 


C.,H..0, 4-Phenyl-3’-methylbenzo-$-naphthaspiropyran, 1381. 
C.,H..S 2:3:4:5-Tetraphenylthiophen, reduction of, 505. 
C.,H.,0, 2-Acetoxy-3-methoxybenzylidenedi-(p-methylacetophenone), 258. 
C..H,,0 Calciferol, constitution of, 905. 
C.,H,,0, 13-Keto-22-phenylbehenic acid, 282. 
C.,H,,0. 7-Hydroxy-7-methylcholesterol, 1275. 
22-Phenylbehenic acid, 283. 


28 Il 
C.,H,,0,N, Acetylsolanocapsine, 1541. 
C.,H,,OBr, Cholesteryl methyl ether dibromide, 910. 


28 IV 
C,,H.,0,N.S, s-2-Quinolyl-5-acridylethene dimethosulphate, 1486. 

28 V 
C.,H;,N.S,As.Pd, Dithiocyanatobis(butylarsine)-u-dithiocyanatodipalladium, 886. 
C.,H;,N,S,P.Pd, Dithiocyanatobis(butylphosphine)-y-dithiocyanatodipalladium, 887. 
C.,.H,,.N,C1,P.Pd, Bis(butylphosphine)bis(ethylenediamino)-y-dichlorodipalladium dichloride, 889. 


C,, Group. 


C.,H,,.0, 2-Hydroxy-4:6-dibenzoyloxy-w-benzoylacetophenone, 269. 
C..H..0, 7-Methoxy-4-phenyl-3’-methylbenzo-8-naphthaspiropyran, 1382. 
C..H..0, 5-Hydroxy-7-benzyloxy-6-benzylflavone, 269. 
C..H,.N, 4:4’-Bis-(8-phenylethylidenehydrazino)diphenylmethane, 316. 

29H,.O, a-Fucostenedione, 740. 
C.5H,,0, Sarsasapogenin acetates, 1402. 

Smilagenin acetate, 1403. 

30, a-Fucostanedione, 740. 

29f4g0, a-Fucostanedionol, 740. 
C.,H,,0 Cholesteryl ethyl ethers, 909. 

Epifucostanol, 741. 
C,,H.,.0, a-Dihydrofucosteryl oxide, 740. 

29H 590, Fucostanedicarboxylic acid, 741. 
C.oH;.0, a-Fucostanetriol, 740. 
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29 IlI—32 II Formula Index. 





29 III 


C. 9H,,;0,N, 2:8-Bisanisylideneaminoacridine, 1485. 
C.oH;,0,N, Dibenzyl-f8-piperidinoethylcarbinol p-nitrobenzoate, 401. 
Br Cholesteryl ethyl ether dibromide, 910. 


29 IV 


C..H,,0,N,Cl, (1:3:3-Trimethy]l-2-indolenino)(1’-methoxy-3’-[2”:6”-dichloro-4”-nitropheny]]-3’:4’-dihydro- 


4’-phthalazino)carbocyanine perchlorate, 1711. 


C..H,,0,N,C] (1:3:3-Trimethyl-2-indolenino)(1’-methoxy-3’-[4”-nitropheny!]-3’:4’-dihydro-4’-phthalazino)- 


carbocyanine perchlorate, 1711. 
C,, Group. 


C,.H;, Lanostenes, 1566. 
30 
C,.H,,0, Strobinin, 1036. 
CyoH,,0, Anisyl trianisylmethyl ketone, 506. 
CoH 5,0, 8-Di-p-anisylpinacol, 506. 
C3o9H,,0, Emicymarins, 446. 
30 isoLanostenone, 1566. 

C3>H,,0, 7-Methylenecholesteryl acetate, 1275. 

Dihydroemicymarin, 445. 
CscHyoO Lanosterol, 1562. 

tsoLanosterols, 1566. 
C3,.H;,0, Lanosterol oxide, 1566. 
Cso9H590, 7-Acetoxy-7-methylcholesterol, 1275. 
C,.H;,0, Ethyl phenylbehenate, 283. 
CyH;,0, Oxylanostanetriol, 1566. 
_ 380m 
C,H,,0,N, (Phenyliminobenzyl)malonodi-p-toluidide, 429. 
C;,H;,0,N Aconitoline, 82. 
OHO, oN, Hydroxyketostearic acid dinitrophenylosazone, 1791. 
O,N, Diacetylsolanocapsine, 1540. 

OHO ON, Fucostenone semicarbazone, 740. 


30 IV 


C,.H,,0.N,Ru Tris-2:2’-dipyridylruthenous hydroxide (-+-8H,0), and its salts, 173. 
C3.H,.Cl,P.Pd, Di-iodobis(triamylphosphine)-p-di-iododipalladium, 883. 
C;,H,,Cl,As.Pd, Dichlorobis(triamylarsine)-y-dichloropalladium, 884. 


30 V 
C,,H.,0,N,S,Br, 5:5’-Dibromo-2:2’-diethylthiadicarbocyanine p-toluenesulphonate, 1231. 


C,, Group. 


C,,H,,N, 2:8-Biscinnamylideneaminoacridine, 1485. 
C,,H..N; 2:8-Bis-p- -dimethylaminobenzylideneaminoacridine, 1485. 
C;,H;.0, §8-7-Hydroxycholesteryl diacetate, 1439. 
C,,H;,0, §-7-Acetoxycholesteryl acetate oxide, 1439. 
C;,H,,0, a-Dihydrofucosteryl acetate oxide, 740. 
C;,H;,0, Epifucostanol acetate, 741. 
540, Dimethyl fucostanedicarboxylate, 741. 


31 OI 


On On 2:4-Dipiperonylidene-6-phenylgranatan-3-one, 287. 
gu 320 Glycerol ay-bis-(3-hydroxy-4-acetylphenyl) ether phenylhydrazone, 590. 
C,;, Boon, Acid, from oxidation of aconitine, 82. 


31 IV 
C,,H,,0,NC] Substance, from tetraphenylglycol and pyridinium chloride, 1571. 


C,, Group. 


C,.H,,.N, Phthalocyanine, structure of, 1195; and its metallic salts, 1719. 
C,,H..0, 4-Phenyt-3’-methyl-af- dinaphthaspiropyran, 1382. 

sefl3,0, 2:7-Dihexylfluorescein, 1843. 

98520, isoLanosteryl acetates, 1566. 

'32H,20, Lanosteryl acetate oxide, 1565. 

seH,20, Oxylanostanetriol acetate, 1566. 

32 I 

C,.H,,.N.Be Beryllium phthalocyanine, 1729. 
C,,.H,,.N,Cd Cadmium phthalocyanine, 1730. 
C,,.H,,.N,Co Cobalt phthalocyanine, 1730. 
C,.H,,.N.Ca Calcium phthalocyanine, 1728. 

3eH,,N,Fe Ferrous phthalocyanine, 1735. 
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C;:H,.N,.K, Dipotassium PI hthalocyanine, 1728. 
ieNgMg Magnesium phthalocyanine, 1729. 
C,.H,,.N,Mn Manganous phthalocyanine, 1735. 
C;,H,.N,Na, Disodium phthalocyanine, 1728. 
C3.H,.N,Ni Nickel phthalocyanine, 1730. 
C;.H,.N,Pb Lead phthalocyanine, 1730. 





~ C3.H,.N,Pt Platinous phthalocyanine, 1734. 
C;.H,,.N.Sn Stannous phthalocyanine, 1732. 
= C;.H,,.N,Zn Zinc phthalocyanine, 1729. 


C,.H,,0,N Ethyl carbazole-3:6-diphthaloylate, 1297. 
C;,.H,.0,N Tetra-anisylpyrrole, 400. 

C;.H;,0,N. Anisyl p-methoxybenzyl ketazine, 400. 
C,,H;,0;Cl, 3’:6’-Dichloro-2:7-dihexylfluorescein, 1843. 
C;.H,,0,Br, 4:5-Dibromo-2:7-dihexylfluorescein, 1843. 
C;.H,,0,.N Oxonitin, 82. 

C;.H;,0,C] Lanosteryl acetate hydrochloride, 1566. 


32 IV 


C,.H,;N,CICo Cobalt chlorophthalocyanine, 1730. 
1sN,ClZn Zinc chlorophthalocyanine, 1729. 
C,H, .N,ClAl Chloroaluminium chlorophthalocyanine, 1731. 
C,.H, ,N,Cl Dichlorotin dimehtiaberedit, 1733. 
C,.H,,ON, Vanadyl! phthalocyanine, 1736. 
mS: Chloroaluminium phthalocyanine, 1731. 
C,;H,.N,CLS0 Dichlorotin phthalocyanine, 1732. 
16N Di-iodotin phthalocyanine, 1733. 
OHO Al Hydroxoaluminium phthalocyanine, 1732. 
 : oe 2 3:6’-Dichloro-4:5-dibromo-2:7-dihexylfluorescein, 1843. | 
C;.H,,C1,8,Pd, Dichlorobis(octylsulphide)-»-dichiorodipalladium, 889. 
32 V 
Gori ON CIAL Hydroxoaluminium chlorophthalocyanine, 1731. 


s0.N,K.Sn Potassium dihydroxotin phthalocyanine, 1733. 
CoH ONS Br, 5:5’- Dibromo-2:2’-diethylthiatricarbocyanine p-toluenesulphonate, 1231. 


C,, Group. 
C,;H.,0, 4-Phenyl-3:3’-dimethyl-af-dinaphthaspiropyran, 1382. 
s3HyN, 4:4’-Bis-y-(phenyl-a-methylallylidenehydrazino)diphenylmethane, 316. 
C,;H;,0, Tetrahydroxycholestane triacetate, 1439. 
33 II 
C,;H.,0,N, 4-Methoxy-3:4’-dibenzoyldiphenyl 2:4-dinitrophenylhydrazone, 804. 
C;;H,,0,N Ethyl 9-methylcarbazole-3:6-diphthaloylate, 1297. 
33 IV 
C,;H.;0,.N,Cl Bis-(1-methoxy-3-nitrophenyl-3:4-dihydro-4-phthalazino)carboxycyanine perchlorates, 
1711. : 


C,, Group. 
C,,H,, «8-Bis-(1-phenyltetrahydro-2-naphthyl)ethane, 598. 
is4HggO, Sarsasapogenin benzoate, 1402. 
Smilagenin benzoate, 1403. 
C,,H5.0,,; _Diacetylemicymarin, 445. 
C,,H;,0 Cholesteryl benzyl ethers, 909. 
34 Ill 


C,,H..0,N Ethyl ee ees 1297. 
C,,H;,0Br, Cholesteryl benzyl ether dibromide, 910. 


C,, Group. 
C;;sHa ay- ee -ay-di-1-naphthylallene, 994. 
1:3-Diphenyl-1l-a-naphthyl-4:5-benzindene, 996. 
C;;Hoes ay-Diphenyl-ay-di-1-naphthyl-4*-propylene, 997. 
35 II 

C,;H,.0 ay-Diphenyl-cy-di-l1-naphthylallyl alcohol, 994. 
Corklso0 . 7-Methylenecholesteryl benzoate, 1275. 

C,;H;.0, 8-7-Hydroxycholesteryl hydrogen phthalate, 1439. 

3681520, 7-Benzoyloxy-7-methylcholesterol, 1275. 
C,.H..0, Tetrahydroxycholestane hydrogen phthalate, 1439. 


35 


C,;H,,0,N, Dehydroergostenol 3:5-dinitrobenzoate, 469. 
7-Methylenecholesteryl 3:5-dinitrobenzoate, 1275. 
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36 1I—64 IV Formula Index. 


C,, Group. 


C,<H;,0, p-Phenylphenacy] 1-isopropyleyclopropane-1:2-dicarboxylates, 829. 
C;.H;,N Tetrahydrocarbazolelanostenones, 1566. 
C;,H;,0, Fucostanyl benzoate, 741. 

36 III 


C;.H.,0,N Tetra-p-acetoxyphenylpyrrole, 400. 
C;,H;,0,N, Fucostany] 3:5-dinitrobenzoate, 741. 


36 IV 
C,-H,,I,P,Cu, Tetrakis(iodotripropylphosphinecopper), 1507. 
Cz¢H,,1,As,Cu, Tetrakis(iodotripropylarsinecopper), 1508. 
C,, Group. 
C;,H;,,0, Di-p-phenylphenacyl caryophyllenate, 742. 


C,, Group. 
C,sHsgN, 8-Diphenyldi( phenyliminobenzyl)hydrazine, 796. 
38 II 


C;,H.,.0,N, Dibenzamido-1:8-dibenzoyloxynaphthalenes, 559. 
C,,H,,0,N, s-Dinitrophenyldi(nitrophenyliminobenzyl)hydrazines, 796. 
CysH,,0,.N, Glycerol ay-bis-(3-hydroxy-4-acetylphenyl) ether azine, 590. 


C,, Group. 
C,9H,,0,,N, Methyl bis-3’:5 -dinitrobenzoyloxycholenate, 468. 


C,, Group. 


C,.H;;0 Myxoxanthin, 1379. 
C,.H;,0. Lutein, 1379. 

CyoH,,0, MyxoxanthophyH, 1379. 
40 I 


C,.H;,ON Myxoxanthin oxime, 1379. 

C,, Group. 
C,,;H..N, 1:2-Naphthalocyanime, 1747. 
C,,H,.0, Tetrahydroxycholestane tribenzoate, 1439. 


C,.H.,N,Cu Copper 1:2-naphthalocyanine, 1746. 
'asElog Magnesium 1:2-naphthalocyanines, 1747. 
1sHa,N,Pb Lead 1:2-naphthalocyanine, 1747. 

C,,H,,N,Zn Zinc 1:2-naphthalocyanine, 1747. 

48 IV 


C,,.H.,N,ClCu Copper chloro-1:2-naphthalocyanine, 1747. 

CysHiogl,P,Cu, Tetrakis(iodotributylphosphinecopper), 1507. 
C,, Group. 

CooHi321,P,Cu, Tetrakis(iodotriamylphosphinecopper), 1507. 


C,, Group 


C,,H,.N,Sn Stannic phthalocyanine, 1733. 
64 IV 


C,,H;,0N,,Al, Aluminium phthalocyanine oxide, 1732. 
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ERRATA. 
VoL., 1934. 
For “‘ (22 g.)” read ** (12 g.).” 
VoOL., 1935. 
After ‘‘ Various Solvents ”’ insert “‘ (see Table on p. 1574).” 


VoL., 1936. 
For “ C,3H,N, ” read “‘ C,3H,,N3.” 


e | ® ° xP 
For *“* >C —C=0” read * >C—C—C=0.” 


Paragraph 5: The vote of thanks to the University of Bristol was moved by Dr. R. H. Pickard 


and seconded by Prof. T. S. Moore. 


Paragraph 6: The vote of thanks to the Reception and Executive Committees was moved by 


23 
11 and 13 
10 


3 
Fig. 3(d) 


Fig. 5 
9 


Prof. W. N. Haworth, seconded by Prof. J. E. Lennard-Jones, and acknowledged by 
Dr. E. B. Maxted. 

For ** B. H. Heaps ” read “ B. J. HEGpDE.” 

For “‘ 8,0” read “‘ so.” 

For “‘ alcohol ”’ read ‘‘ alcohols.” 

In formula (IX), insert *‘ O,” above the brace. 

For “‘ as shown in Fig. 1 ” read “‘ intermittently.” 

Transfer ‘‘ A, Suspension E1(2)” to the left-hand figure. Below the right-hand figure, 
for *‘ 22, 34, 44 hours” read ‘‘0, 10, 20 minutes ”’ and insert ‘“‘O, 24 hours old; 
A, 1 week old.” 

Insert below the figure, ‘‘ O, fresh; X, 24 hours old.” 

For “ Fig. 4” read “* Figs. 5 and 3(d).” 


1421 bottom table Delete the line beginning “‘ (b, i), 1 month.” 





* From bottom. 


LIST OF PHYSICO-CHEMICAL SYMBOLS. 
This list is being revised and therefore will not be published this year. 








ADDITIONS TO THE LIBRARY OF THE CHEMICAL SOCIETY 
DURING THE YEAR 1936, 


SOCIETY OF 
etc. Tokyo 


AGRICULTURAL CHEMICAL 
Japan. Bulletin. Vol. XI, 
1935 +. (Reference.) 

Journal. Vol. XI,etc. Tokyo 1935 +. 
(Reference.) [In Japanese.) 

Apis, R. W. See Inp1iaAN Lac RESEARCH 
INSTITUTE. 

ALEXANDER, L. T. See UNITED STATEs. 
Department of Agriculture. Technical Bulletin 
No. 484. 

ALLISON, SAMUEL K. See CoMPTON, ARTHUR 
H. 

AMERICAN ASSOCIATION OF CEREAL 
CueEmMists. Cereal laboratory methods, with 
reference tables. 3rd edition. Omaha 19365. 
pp. viii + 204. ill. 

AMERICAN MEDICAL ASSOCIATION. Council 
on Pharmacy and Chemisiry. Glandular 
physiology and therapy: a symposium. 
Chicago 1935. pp. viii + 528. ill. 

AMERICAN PuBLIC HEALTH ASSOCIATION 
and AMERICAN WATER Works ASSOCIATION. 
Standard methods for the examination of water 
and sewage. 8th edition. New York 1936. 
pp. xiv + 309. 

AMERICAN SOCIETY FOR TESTING 
MATERIALS. Symposium on paint and paint 
materials. Philadelphia 1935. pp. vi + 160. 

AMERICAN WATER WorKS ASSOCIATION. 
See AMERICAN PuBLic HEALTH ASSOCIATION. 

ANDREWS, ANDREW I. Enamels: the pre- 
paration, application, and properties of 
vitreous enamels. Champaign 1935. pp. 
xviii + 410. ill. 

ANNALS OF SCIENCE: a quarterly review 
of the history of science since the Renaissance. 
Vol. I, etc. London 1936+. (Reference.) 

ARMITAGE, F. P. A history of chemistry. 
London 1906. - pp. xx + 266. 

ArNpDT, H. See BAUER, OSWALD. 

ATTWOOLL, A. W., and Brooms, D. C. 
Trinidad Lake asphalt. London 1935. pp. 
56. ill. 

AUDIBERT, 
Part I. L’essence. 
181. ill. 

BaBLIK, HEINz. Galvanizing. 2nd 
edition. Translated by MARGARET JUERS- 
Bupicky. London 1936. pp. viii + 367. ill. 

BaRELL, Emit Curistopu. Festschrift. 
Basel 1936. pp. 575. ill. 


Etrenne. Les carburants. 
Paris 1936. pp. vi+ 


BAUER, OSWALD, ARNDT, H., and KRausE, 
W. Chromium plating, with special reference 
to its use in the automobile industry. Trans- 
lated by E. W. ParKeER. With introductory 
chapter ‘‘ Electroplating practice and the 
properties of chromium and nickel coatings.” 
By A. W. Horwersatrt. London 1935. 
pp. viii + 266. ill. 

BAvER, OSWALD, KROHNKE, OTTO, and 
MasinGc, Georc. [Editors.] Die Korrosion 
metallischer Werkstoffe. Vol. I. Die Korro- 
sion des Eisens und seiner Legierungen. 
Leipzig 1936. pp. xxiv + 560. 

BERG, PIETER VAN DEN. 
benzylaniline en derivaten. 
Ppp. viii + 127. 

BERTRAM, S. H. See INTERNATIONAL TIN 
RESEARCH AND DEVELOPMENT COUNCIL. 
Technical Publications. Series A. No. 45. 

Bey.inec, C., and Drexopr, K. Spreng- 
stoffe und Ziindmittel mit besonderer Beriick- 
sichtigung der Sprengarbeit unter Tage. 
Berlin 1936. pp. viii + 465. ill. 

BHATNAGAR, S. S., and Matuur, K. N. 
Physical principles and applications of 
magnetochemistry. London 1935. pp. xiv + 
375. ill. 

BHATTACHARYA, R. See InpIan Lac Cxss 
CoMMITTEE. London Shellac Research Bureau. 
Technical Papers Nos. 6, 8 and 9. 

Bicuowsky, F. RusseEtzt, and Rossin, 
FREDERICK D. The thermochemistry of the 
chemical substances. New York 1936. pp. 
460. (Reference.) 

BJERRUM, NIELs. 


Nitratie van 
Leiden 1936. 


Inorganic chemistry. 
London 1936. pp. x + 317. ill. 
Bank, EuGENE W. Diamond finds in the 


United States. (From Rocks and Minerals, 
1934-35, 9-10.) ill. 

BoarD oF EpvucaTion. Science Museum, 
South Kensington. Very low temperatures, 
their attainment and uses .. . as illustrated 
in a special exhibition. By T. C. CRawniLL. 
London 1936. pp. 31. ill. 

BoBRANSKI, BoGustaw. See SUCHARDA, 
EDUARD. 

BocKEMULLER, WILHELM. Organische 
Fluorverbindungen. (Sammlung, N.F. Heft 
28.) Stuttgart 1936. pp. 100. (Reference.) 

BoDENBENDER, H. G. Zellwolle. Kunst- 
spinnfasern : Vistra, Flox, Cuprama, Spinstro, 





Zellvag, Aceta, Rhodia-Faser, Fliro, Drawin- 
ella, Sniafiocco, Fibro, Dupont, Rayon Staple 
Fibre, Textra etc. ihre Herstellung, Ver- 
arbeitung und Verwendung. Berlin-Steglitz 
1936. pp. xvi + 480. ill. 

BétrcER, W. ([Editor.] Physikalische 
Methoden der analytischen Chemie. Part II. 
Leitfahigkeit, Elektroanalyse und Polaro- 
graphie. Leipzig 1936. pp. xii+ 343. ill. 

BomBay. Royal Institute of Science. 
Second report (1926—34). Bombay 1935. 
pp. iv + 73. ill. (Reference.) 

BomMER, Max. Eine neue, vollstandige 
Synthese von Tropin und racemischem Cocain. 
Ziirich 1918. pp. 62. 

Bono, W. N. Probability and random 
errors. London 1935. pp. viii+ 141. ill. 

Bone, W1LL1aM A,, and Himus, GopFREyY W. 
Coal: its constitution and uses. With a 
supplementary chapter upon fuel economy and 
heat transmission in industrial furnaces by 
REGINALD J. SARJANT. London 1936. pp. 
xvi + 631. ill. 

BonnELL, D. G. R. See DEPARTMENT OF 
SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Building Research. Technical Paper No. 19. 

BraME, J. S. S., and Kine, J. G. Fuel, 
solid, liquid and gaseous. London 19365. 
pp. xvi + 422. ill. 

BRANDES, E. See SCHWARTZ, ERNST VON. 

BrREDERICK, HELLMuT, [and SEITZ, FRANZ]. 
Vitamine und Hormone und ihre technische 
Darstellung. Part I. Leipzig 1936. pp. xii 
+ 101. 

British LEATHER MANUFACTURERS’ As- 
SOCIATION. See PrRintTING INDUsTRY RE- 
SEARCH ASSOCIATION. 

British Prastics YEAR 
London 1936. pp. 582. ill. 

British ScrIENCE GuILD. Science in 
development. By the Rr. Hon. Lorp 
RUTHERFORD. The Norman Lockyer Lecture 
1936. London 1936. pp. 20. 

BritTIsH STANDARDS INsTITUTION. British 
Standard Specifications. No. 144—1936. 
Coal tar creosote for the preservation of 
timber. (Types A, A2, and B.) (Revised 
July 1936.) pp. 17. 

No. 391—1936. Tung oil, 
(Revised.) pp. 25. ill. 

No. 598—1936. Sampling and 
examination of bituminous road mixtures. 
pp. 39. ill. 

No. 614—1936. Graduated re- 
ceivers for Dean and Stark apparatus. pp. 
17. ill. 

— — No. 
flasks. pp. 10. ill. 

—— No. 642—1935. Carbide of 
calcium (graded sizes). 


Book 1936. 
(Reference:) 


type F. 


615—1936. Kohlrausch 


BRITISH STANDARDS INSTITUTION. British 
Standard Specifications. No. 647—1935. 
Methods of testing glues. (Bone, skin, and 
fish glues.) 

oo No. 650—1936. Castor oil 
(‘ firsts ’ quality). pp. 23. ill. 

No. 651—1936. Crude maize 
oil. pp. 19. ill. 
— No. 652—1936. Crude palm 
kernel oil. pp. 18. ill. 
No. 653—1936. Crude soya bean 
oil. pp. 20. ill. 
No. 


654—1936. Perilla oil. 


pp. 20. ill. 
No. 655-—1936. 
pp. 19. ill. 


No. 656—1936. Sesame oil. 


Refined cotton- 
seed oil. 


pp. 21. ill. 
No. 658—1936. Distillation ap- 
pp. 15. 
— No. 662—1936. Carbon di- 
pp. 13. ill. 
No. 663—1936. 


paratus. 
sulphide. 


Ethyl lactate. 


pp. 15. ill. 


pp. 12. ill. 


No. 675—1936. Sugar flasks. 
No. 676—1936. Three special 
flasks with graduated necks. pp. 12. ill. 

No. 686—1936. Analysis of coal 
ash and coke ash. pp. 34. 

No. 687—1936. Ultimate analy- 
sis of coal and coke. pp. 34. ill. 

No. 691—1936. Clinical maxi- 
mum thermometers. pp. 9. 

No. 692—1936. Meteorological 
thermometers (maximum, minimum, and 
ordinary) sheathed type. pp. 12. ill. 

No. 695—1936. Floating dairy 
thermometers. pp. 13. ill. 

No. 696—1936. British standard 
apparatus and methods for determining the per- 
centage of fat in milk and milk products by the 
Gerber method. PartsIandII. pp. 45, 52. ill. 
No. 701—1936. Brewers’ flasks. 


pp. 9. ill. 

No. 705—1936. British standard 
method for the determination of the agglutin- 
ating value of coal. pp. 9. ill. 

Broome, D.C. See ATTIWOOLL, A. W. 

BrUcKNER, HERMANN. Die Biochemie des 
Tabaks und der Tabakverarbeitung mit 
besonderer Beriicksichtigung der chemischen 
Qualitatsbestimmung. Berlin 1936. pp. xii 
+ 446. ill. 

Bryan, J. See DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. Forest Products 
Research. Record No. 9. 

BunkKEeR, H. J. See DEPARTMENT OF 
SCIENTIFIC AND INDUSTRIAL RESEARCH 
Chemistry Research. Special Report No. 3. 





BuRSTALL, FRANCIS HEREWARD. See 
MorGAN, SIR GILBERT T. 

Butiin, K. R. See DEPARTMENT OF 
ScIENTIFIC AND INDUSTRIAL RESEARCH. 
Chemistry Research. Special Report No. 2. 

Byers, H. G. See UNITED States. De- 
pariment of Agriculture. Technical Bulletin 
No. 484. 

CANADA, DoMINION OF. National Research 
Council. 18th annual report, 1934—35. Ot- 
tawa 1935. pp. 158. 

CARTWRIGHT, K. St. G. See DEPARTMENT 
OF SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Forest Products Research. 

CaspariI, W. A. See Haas, ARTHUR. 

CrarK, R. E. D. See INTERNATIONAL TIN 
RESEARCH AND DEVELOPMENT COUNCIL. 
Technical Publications. Series A. No. 41. 

CLaytTon, WILLIAM. The theory of emul- 
sions and their technical treatment. 3rd 
edition. London 1935. pp. x + 458. ill. 

CoHEN, Ernst, and CoHEN-DE MEESTER, 
W. A. T. Daniel Gabriel Fahrenheit (1686— 
1736). (From the Kon. Akad. Wet., Verhand., 
1936, 16.) 

CoHEN-DE MEESTER, W. A. T. See CoHEN, 
ERNST. 

ComBER, A. W. Composition flooring and 
floorlaying. London 1936. pp. xii + 124. 
ill. 


CoMPTON, and ALLISON, 


ArtHUuR H., 


SAMUEL K. X-rays in theory and experiment. 


2nd edition of ‘‘ X-rays and _ electrons.” 
[New York] 1935. pp. xiv + 828. ill. 

CONGRESO INTERNACIONAL DE QUIMICA 
Pura y Apiicapa, IX. Madrid, 5-11 Abril 
1934. Conferencias, memorias y comunica- 
ciones. Vols. II, III, IV, VI, VII, VIII and 
IX. Madrid [1935—36.] ill. (Reference.) 

CopPpER DEVELOPMENT ASSOCIATION. Cop- 
per for bus-bar purposes. London 1936. pp. 
vi + 160. iil. 

CRAWHILL,T.C. See Boarp oF EDUCATION. 
Science Museum, South Kensington. 

CREIGHTON, H. JERMAIN, and KOEHLER, 
W. A. Principles and applications of electro- 
chemistry. 2 vols. New York 1935. pp. 
xviii + 502, xiv + 545. ill. 

CROWTHER, J. G. Soviet science. 
1936. pp. x + 342. ill. 

CuMMING, ALEXANDER CHARLES, and Kay, 
SYDNEY ALEXANDER. A text-book of quanti- 
tative chemical analysis. 6th edition. Re- 
vised by FRaANcIS CLINT GUTHRIE and JOHN 
TRENGOVE Nance. London 1934. pp. xvi + 
482. ill. 

Davies, W. L. The chemistry of milk. 
London 1936. pp. xii + 522. iil. 

Davison, ALBERT W., and KLOOSTER, 
Henry S. van. Laboratory manual of 


London 


physical chemistry. 2nd edition, 2nd printing, 
corrected. New York 1935. pp. xii + 238. 
ill. 

DEPARTMENT OF SCIENTIFIC AND INDUs- 
TRIAL RESEARCH. Report of test ...ona 
retort of the Coal Research Syndicate, Ltd., 
at Mansfield Colliery, Mansfield, Nottingham- 
shire. London 1936. pp. iv + 28. ill. 

Building Research. Bulletin No. 5. 
The properties of breeze and clinker aggregates 
and methods of testing their soundness. By 
F. M. Lea. Revised edition. London 1936. 
pp. iv+ 18. ill. 

Technical Paper No. 19. The 
carbonation of unhydrated Portland cement. 
By D. G. R. Bonnett. London 1936. pp. 
viii + 59. ill. 

Chemistry Research. Special Report 
No. 2. The biochemical activities of the 
acetic acid bacteria. By K. R. BUTLIN. 
London 1936. pp. iv + 47. 

Special Report No. 3. A review 
of the physiology and biochemistry of the 
sulphur bacteria. By H. J. BuNKER. Lon- 
don 1936. pp. iv + 48. ill. 

Forest Products Research. The principal 

rots of English oak. By K. Str. G. Cart- 
WRIGHT and W. P. K. Finpitay. London 
1936. pp. vi + 38 + 13 plates. 
Record No. 9. (Wood Preserva- 
tion Series No. 2.) Methods of applying 
wood preservatives. Parti. By J. BRYAN. 
London 1936. pp.17. ill. 

Record No. 11. (Timber Series 
No 3.) The properties of home-grown oak. 
London 1936. pp. iv + 14. ill. 

Fuel Research. Technical Paper No. 
42. The action of hydrogen upon coal. 
Part ii—Early experiments with the Bergius 
process. By L. Horton, F. A. WILLIAMs, 
and J. G. Kine. London 1935. pp. 58. 
ill. 


Lubrication Research. Technical 
Paper No. 1. The analysis of commercial 
lubricating oils by physical methods. 2nd 
edition. London 1936. pp. iv + 53. ill. 

DEULOFEU, VENANCIO, and MENDIVE, 
Jorce R. Quimica de las vitaminas. Buenos 
Aires 1935. pp. 36. 

DEUTSCHE CHEMISCHE GESELLSCHAFT. 
Kurze Anleitung zur Orientierung in Beil- 
steins Handbuch der organischen Chemie. 
Edited by FRIEDRICH RICHTER and KONRAD 
ILBERG. Berlin 1936. pp. 23. 

Duar, N. R. A new method of nitrogen 
fixation and conservation and reclamation of 
alkali lands. [Allahabad] 1935. pp. 46. 

Dickson, Ernest. Uber die ultraviolette 
Fluoreszenz des Benzols und einiger seiner 
Derivate. Leipzig 1911. pp. 37. ill. 





Dixon, S. M. See MINES DEPARTMENT. 
Safety in Mines Research Board. Paper 
No. 94. 

DosBin, LEONARD. See LADENBURG, A. 

DoczEKAL, Rupotr, and Pitscu, HEINRICH. 
Absolute thermische Daten und Gleichs- 
gewichtskonstante. Anleitung, Tabellen und 
Nomogramme zur praktischen Durchfiihrung 
von Berechnungen. Wien 1936. pp. iv + 
69. ill. 

Drexkopr, K. See BEYLING, C. 

DRINKER, Puivip, and HatcH, THEODORE. 
Industrial dust: hygienic significance, 
measurement and control. New York 1936. 
pp. viii + 316. ill. 

Drop, Jacospus. Explosieve gasreacties bij 
verminderden druk. Leiden 1936. pp. x + 
149. ill. 

DRUEY, JEAN. Synthése de nouvelles bases 
& fonction éther-oxyde phénolique en rapport 
avec leur activité sur le systéme nerveux 
sympathique. Paris 1936. pp. 77. ill. 

DuGcaR, BENJAMIN M. _ ([Editor.] Bio- 
logical effects of radiation. Mechanism and 
measurement of radiation, applications in 
biology, photochemical reactions, effects of 
radiant energy on organisms and organic 
products. 2vols. New York 1936. pp. x + 
676, viii + 677 to 1343. ill. 

DuLrerR, G. See NIEUWENBURG, C. J. VAN. 

Dupont, GEorGES. Cours de chimie in- 
dustrielle. Vols. I—III. Paris 1936. pp. 
vi 4- 184, iv + 337, iv + 358. ill. 

Epwarps, Junius’ Davi. 
paint and powder. 2nd edition. 
1936. pp. 216. ill. 

Epwarps, P. W. See UNITED STATES. 
Department of Agriculture. Technical Bulletin 
No. 490. 

ELECTROCHEMICAL Society. Lithium: 
theoretical studies and practical applications. 
By Hans Ossorc. New York 1935. pp. 68. 
ill. 

ELECTROPLATERS’ AND DeEpositTors’ TECH- 
NICAL Socrety. Journal. Vol. IV, etc. 
London 1928 +. (Reference.) 

Ex.is, CARLETON. The chemistry of syn- 
thetic resins. 2 vols. New York 1935. pp. 
1615. ill. 

E.uts, OLtverR C. pDE C., and KIRKBy, 
Wiiam A. Flame. London 1936. pp. 
vi + 106. ill. 

Enzymotocia. Vol. I, 
1936 +. (Two copies.) 

EpstEIn, SAMUEL. The alloys of iron and 
carbon. Vol. I. Constitution. New York 
1936. pp. xii + 476. ill. 

Esper, W., and Knott, M. Werkstoffkunde 
der Hochvakuumtechnik. Berlin 1936. pp. 
viii + 383. ill. 


Aluminum 
New York 


etc. Den Haag 


Evers, C.iirFrorp F. See TRESSLER, 
DonaLp K, 

Ewinc, Str J. A. Thermodynamics for 
engineers. 2nd edition. Cambridge 1936. 
pp. xvi + 389. ill. 

FAHRENHEIT, DANIEL GABRIEL. 
CoHEN, ERNST. 

FAIRLIE, ANDREW M. Sulfuric acid manu- 
facture. (American Chemical Society Mono- 
graph Series.) New York 1936. pp. 669. 
ill. 

FARMER, ROBERT Harvey. Further con- 
tributions to the knowledge of gas-exsorption 
from liquids. London 1935. pp. 62. ill. 

Favorsk!, ALEXEI E. Collection of selected 
works . . . on the occasion of the jubilee of 
50 years of his scientific activity. Leningrad 
1934. pp. xvi+ 403. ill. [J” Russian.] 

FERGUSON, GEORGE W. See SUCHARDA, 
EDUARD. 

FreLtp, A. J. See ZEERLEDER, ALFRED 
VON. 

FiEsER, Louis F. The chemistry of natural 
products related to phenanthrene. New York 
1936. pp. xii + 358. 

The constitution and properties of 
lapachol, lomatiol, and other hydroxynaphtho- 
quinone derivatives. Memorial volume to 
SAMUEL C. HookKEr, 1864—1935. Easton, Pa. 
1936. pp. vi + 135. ill. 

FINDLAY, ALEXANDER. 
chemistry. 6th edition. 
xii + 318. ill. 

The teaching of chemistry in the 
Universities of Aberdeen. Aberdeen 1935. 
pp. viii+ 92. ill. 

Finptay, W. P. K. See DEPARTMENT OF 
SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Forest Products Research. 

FIscHER, Emit J. Abfallstoffe der anorgan- 
isch-chemischen Industrie und ihre Verwert- 
ung. Dresden 1936. pp. x + 156. ill. 

Foop ResgarcH. Vol.I,etc. Champaign, 
Ill. 1936+. (Reference.) 

Forses, R. J. Bitumen and petroleum in 
antiquity. Leiden 1936. pp. viii + 109. ill. 

FOTHERGILL, JAMES Best. See KNECHT, 
EDMUND. 

FRANCIS, Francis. Notes on organic 
chemistry. London 1935. pp. viii + [264]. 

FRENKEL, J. Wave mechanics:  ele- 
mentary theory. 2nd edition. Oxford 1936. 
pp. x + 312. ill. 

FRIEND, JOHN NEWTON. 


See 


Practical physical 
London 1935. pp. 


[Editor.] <A 
text-book of inorganic chemistry. Vol. VI. 


Part v. Antimony and bismuth. By W. E. 
THORNEYcROFT. London 1936. pp. xxviii + 
249. ill. (Two copies.) 

A text-book of inorganic chemistry. 
Vol. XI. Partiii. Derivatives of phosphorus, 





















































antimony and bismuth. By ARCHIBALD 
EpwIn Gopparp. London 1936. pp. xxviii 
+ 318. (Two copies.) 

FROMEL, W. See HAND- UND JAHRBUCH 
DER CHEMISCHEN PHYSIK. 

Frum, ALEXANDER. Zur lichtelektrischen 
Leitung und Phosphoreszenz von WNaCl- 


Kristallen. G6ttingen 1925. pp. 26. ill. 
Fry’s METAL Founpriges Ltp. Printing 
metals. London [1936]. pp. viii + 92. 


ill. 

Fuson, REyNotp C. See SHRINER, RALPH 
L. 

GARDNER, Henry A. Physical and chemical 
examination of paints, varnishes, lacquers, and 
colors. 7th edition. Washington 1935. pp. 
1464. ill. 


GARDNER, WILLIAM. Chemical synonyms 


and trade names. 4thedition. London 1936. 
pp. viii + 495. (Reference.) 
Gay, [L.] Distillation et rectification. 


Paris 1935. pp. viii + 661. ill. 

GENERAL MEpDicat CounciL. British Phar- 
macopeia Commission. Reports of Com- 
mittees. 9. Collected reports of committees 
on material prepared for an addendum to the 
British Pharmacopeeia, 1932. London 1936. 


pp. 65. 

10. Report of the Sub- 
Committee on the accuracy of biological 
assays. London 1936. pp. 24. 

GLASSTONE, SAMUEL. Recent advances in 
general chemistry. London 1936. pp. x + 
430. ill. 

Recent advances in physical chemistry. 
3rd edition. London 1936. pp. viii + 477. 
ill. 








See TILDEN, SiR W. A. 

GNADINGER, C. B. Pyrethrum flowers. 
2nd edition. Minneapolis 1936. pp. xvi + 
380. ill. 

GopBOLE, N. N., and Menta, R. N. Candle 
manufacture, with special reference to tropical 
climates. Benares 1935. pp. iv + 29. ill. 

GopBOLE, N. N., and SapGopaL, —. A 
comparative study of the utility of the milks 
and ghees, of the Indian cow and buffalo, as 
human food materials. Benares [1935]. 

GODDARD, ARCHIBALD Epwin. See 
FRIEND, JOHN NEWTON. 

Grare, Witty. Uber ultraviolette Flu- 
oreszenz. Weida i. Thiir. 1911. pp. 565. 
ill. 

GRAHAM, HuGu. 
W. 

GRANT, JuLius. See Rapiey, J. A. 

GUCKER, FRANK THoMsOoN, Jr. See 
MELDRUM, WILLIAM BUELL. 

GUTHRIE, FRANCIS CLINT. 
ALEXANDER CHARLES. 





See STEWART, ALFRED 


See CUMMING, 


Haas, ARTHUR. Atomic theory: an ele- 
mentary exposition. Translated by T. VER- 
SCHOYLE. New edition with author’s sum- 
mary concerning advances in atomic physics 
(1926—1935). Translation of summary revised 
by W. A. Casparr. London 1936. pp. lii + 
222. ill. 

HaicuH, B. P. See INTERNATIONAL TIN 
RESEARCH AND DEVELOPMENT COUNCIL. 
Technical Publications. Series A. No. 26. 
Hatt, W. T. See TREADWELL, F. P. 
HAND- UND JAHRBUCH DER CHEMISCHEN 


Puysik. Vol. VIII. Part 2. Lichtzer- 
streuung. By H. A. Stuart and H.-G. 
TRIESCHMANN. Leipzig 1936. pp.x + 192 + 
20. ill. 


Vol. IX. Parts 3 and 4. Anregung 
der Spektren. By W. Hanve. Molekiil- 
spektren von Lésungen und Fliissigkeiten. By 
G. ScHEIBE and W. FROMEL. Leipzig 1936. 
pp. 184 + 16. ill. 

Vol. IX. Part5. Kernspektren. By 








K. Puiipp. Leipzig [1936]. pp. xii, 185 to 
283, 22. ill. 
HanLeE, W. Anregung der Spektren. 


See HAND- UND JAHRBUCH DER CHEMISCHEN 
Puysik. Vol. IX. Part 3. 

HaNNAH DarIRy RESEARCH INSTITUTE. 
Bulletin No. 6. An inquiry into the design, 
operation and efficiency of pasteurising plants. 
By A. W. Scott and Norman C. WRIGHT. 
Kirkhill 1935. pp. 72. ill. 

HANSEN, ALBERT. See 
ALFRED. 

Hansen, M. Der Aufbau der Zweistoff- 
legierungen. Eine kritische Zusammenfas- 
sung. Berlin 1936. pp. xvi+ 1100. ill. 

Harpy, SiR WiILtiaAMm Bate. Collected 
scientific papers. Published under the aus- 
pices of the Colloid Committee of the Faraday 
Society. Cambridge 1936. pp. xii + 922. ill. 

Harris, LESLIE J. Vitamins in theory and 
practice. Cambridge 1935. pp. xx + 240. ill. 


JORGENSEN, 


Hatcu, THEODORE. See DRINKER, 
PHILIP. 
HATFIELD, H. STAFFORD. See ZIMMER, 
ERNST. 


HavEN, GEorGE B. Industrial fabrics. 


New York 1934. pp. xii + 538. ill. 
HeatuHcotTeE, NriEts H. pE V. See McKIE, 


DouGLAs. 

HEBERLEIN, GEORG. Studien iiber die 
Veresterungsvorgange an Baumwolle. Zurich 
1930. pp. 53. 


Hepces, E. S. See INTERNATIONAL TIN 
RESEARCH AND DEVELOPMENT COUNCIL. 
Technical Publications. Series A. No. 34. 

HEERMANN, Pau. Farberei und textil- 
chemische Untersuchungen. 6th editi n. 
Berlin 1935. pp. xii + 396. ill. 








Herter, G. See SCHONFELD, H. 

Hetse, Kurt. Titanweiss. Dresden 1936. 
pp. viii + 96. ill. 

HEITLER, W. The quantum theory of 
radiation. Oxford 1936. pp. xii+ 252. ill. 

Herty, C. H., Jr. [and others]. The physi- 
cal chemistry of steel making. Pittsburg 
1934. pp. [xviii + 344]. ill. 

Hewitt, L. F. See Lonpon County 
CouNcIL. 

HICKINBOTTOM, WILFRED 
actions of organic compounds. 
pp. x + 449. ill. 

HILDEBRAND, JoEL H. Solubility of non- 
electrolytes. 2nd edition. (American Chemi- 
cal Society Monograph Series.) New York 
1936. pp. 203. ill. 

Hitt, DouGtas W., and How1tt, FREDERICK 
O. Insulin: its production, purification, and 
physiological action. London 1936. pp. 
xii+ 219. ill. 

Himus,GopFREYW. See Bone, WILLIAMA. 

Hoar, T. P. See INTERNATIONAL TIN 
RESEARCH AND DEVELOPMENT COUNCIL. 
Technical Publications. Series A. No. 30. 

HocHBERGER, ERNsT. See OPFERMANN, 
ERIcH. 

HopGMaNn, CHARLES D. _ [Editor-in-Chief.] 
Handbook of chemistry and physics: a ready- 
reference book of chemical and physical data. 
2lst edition. Cleveland, Ohio 1936. pp. 
xviii + 2023. (Reference.) 

Hocan, M. A. See Mines DEPARTMENT. 
Safety in Mines Research Board. Paper 
No. 94. 

HoLtpen, J. T., and VowLer, JouHn N. 
The technology of washing. London 1935. 
pp. viii + 184. ill. 

Hoimes, R. S. See 
Department of Agriculture. 
No. 484. 

HOOKER, 
Louis F. 

Horton, L. See DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. Fuel Research. 
Technical Paper No. 42. 

HOTHERSALL, A. W. See BAUER, OSWALD. 

HouGeEn, O. A., and Watson, K. M. In- 
dustrial chemical calculations. 2nd edition. 
New York 1936. pp. x + 487. ill. 

Howltt, FREDERICK O. See 
Dovuctias W. : 

Hutt. - City Laboratories. 


Joun. Re- 
London 1936. 


UNITED’ STATES. 
Technical Bulletin 


SAMUEL CC. See  FYUESER, 


HItt, 


Survey of im- 
ports, raw materials, and synthetic products, 
and their relationships to the old and newer 
industries, with special reference to the posi- 
tion in the Humber area. By ArRNoLtp R. 


TANKARD. Hull 1936. pp. 54. 
HutTcHIsSON, ROBERT, and Mottram, V. H. 
Food and the principles of dietetics. 8th 


edition. London xxviii + 634. 
ill. 
ILBERG, KONRAD. 
CHEMISCHE GESELLSCHAFT. 
IMPERIAL INSTITUTE. \. Mineral Zesources 
Department. Reports on the mineral resources 
of the British Empire and foreign countries. 
Platinum and allied metals. 2nd _ edition. 
London 1936. pp. 137. (Reference.) 
IMPERIAL SMELTING CORPORATION. The 
finishing of zinc alloy diecastings and rolled 
zinc. London 1935. pp. 12. 
INDIAN Lac CEss COMMITTEE. 
Shellac Research Bureau. 
Paper No. 6. Sulphitation of lac. 
BHATTACHARYA and LAL C. VERMAN. 
1936. pp. 20. 
Technical Paper No. 7. Funda- 
mental physical properties of lac. Part III. 
By L. C. Verman. London 1936. pp. 21. 
ill. 


1936. pp. 


See DEUTSCHE 


London 
Technical 
By R. 
London 


Technical Paper No. 8. Darken- 
ing of lac solutions and the effect of oxalic 
acid thereon. By L. C. VERMAN and R. 
BHATTACHARYA. London 1936. pp. 22. ill. 

— Technical Paper No. 9. Plasticis- 
ing lac films. PartI. By L. C. VERMAN and 
R. BHATTACHARYA. London 1936. pp. 29. 
ill. 

Technical Paper No. 10. Funda- 
mental physical properties of lac. Part IV. 
By L.C. VErmMan. London 1936. pp. 16. ill. 

InpDIAN. Lac’ RESEARCH INSTITUTE. A 
shellac patent index. By R. W. Apis. Nam- 
kum 1935. pp. iv + 115. 

Lac and the Indian Lac Research 
Institute. 2nd edition. Calcutta 1935. pp. 
x + 66. ill. 

INHOFFEN, H. H. See LEtTTRE, H. 

INSTITUTE OF CHEMISTRY OF GREAT 
BRITAIN AND IRELAND. Food and the con- 
sumer. By G. W. MonriER-WILLIAMs. Lon- 
don 1935. pp. 15. 

—— Laboratory organisation. By LESLIE 
H. Lampitt. London 1935. pp. 26. ill. 

Protection against toxic gases in 
industry. By J. Davipson Pratt. London 
1936.. pp. 24 + ii. 

INTERNATIONAL CONGRESS OF SOIL SCIENCE, 
2nd. Proceedings and papers. 7 vols. Mos- 
cow 1932—35. ill. _(Reference.) 

3rd. Transactions. Vols. I, II, and 
III. London 1935. pp. xii + 428, vi + 194, 
xx + 270. ill. (Reference.) 

INTERNATIONAL TIN RESEARCH AND DE- 
VELOPMENT CounciL. Bulletin No. 4. Tin 
plate and tin cans in the United States. Lon- 
don 1936. pp. 142. ill. (Reference.) 

Technical Publications. Series A. 
No. 26. The mechanical properties of tin- 





base alloys. By D. J. MAcNAUGHTAN and 
B. P. Hatcu. London 1935. pp. 12. ill. 

INTERNATIONAL TIN RESEARCH AND DE- 
VELOPMENT CounciIL. Technical Publications. 
Series A. No. 30. The corrosion of tinplate. 
By T. P. Hoar. (From the Proc. Swansea 
Tech. Coll. Met. Soc., 1936.) 
No. 34. 
vestigations on the corrosion of tin. 
MACNAUGHTAN and E. S. HEDGEs. 
1936. pp. 13. 


Some recent in- 
By D. J. 
London 





No. 41. The preparation 





of substituted benzene-o-dithiols for use as 
By R. E. D. CrLarkK. 


specific reagents for tin. 

London 1936. pp. 7. 

No. 42. 
By IL. STUCKERT. 


Opacifiers in wet 
pp. 31. 





and dry enamels. 
ill. 





No. 45. The retarding 
effect of stannous salts on the oxidation of 
olein and oils. By S. H. Bertram. London 
1936. pp. 10. 





No. 46. The _— spectro- 
graphic analysis of tin. By D. M. Sirs. 
London 1936. pp. 26. ill. 

JORGENSEN, ALFRED. Practical manage- 
ment of pure yeast. The application and 
examination of brewery, distillery, and wine 
yeasts. 3rd edition. Revised by ALBERT 
Hansen. London 1936. pp. xii+ 111. ill. 

JORGENSEN, HoLtcer. Die Bestimmungen 
der Wasserstoffionenkonzentration (py) und 
deren Bedeutung fiir Technik und Landwirt- 
schaft. Dresden 1935. pp. xvi + 264. ill. 

Jones, CHARLES L. See Quinn, ELTON L. 

Jones, H. See Mott, N. F. 

Jorpan, L.A. See RESEARCH ASSOCIATION 
OF BRITISH PAINT AND VARNISH MANU- 
FACTURERS. 

JOURNAL OF ORGANIC CHEMISTRY. Vol. I, 
etc. Baltimore 1936 +. (Two copies.) 

JuErs-Bupicky, MARGARET. See BABLIK, 
HEINz. 

Kafr, JAN. De refractometrie der chloor- 
benzolen. Zalt-Bommel 1924. pp.x+ 70. ill. 

Kay, SyDNEY ALEXANDER. See Cum- 
MING, ALEXANDER CHARLES. 

Kaye, G. W. C., and Lasy, T. H. Tables 
of physical and chemical constants and some 
mathematical functions. 8th edition. -Lon- 
don 1936. pp. viii+ 162. (Reference.) 

KEIL, JOHANNES. Ueber den Einfluss der 
Temperatur auf die Abgabe des von den 
Platin-Metallen aufgenommenen Wasserstoffs 
unter vermindertem Druck. Dresden 1933. 
pp. iv + 30. ill. 

Kinc, J. G. See Brame, J. S. S. 

See DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. Fuel Research. 
Technical Paper No. 42. 


KirKBy, WiLt1aM A. See ELtis, OLIVER 
C. vE C. 

KLEMM, WILHELM. Magnetochemie. 
zig 1936. pp. xvi + 262. ill. 

KLoostEerR, HENRY S. VAN. 
ALBERT W. 

KNEcHT, EDMUND, and FOTHERGILL, JAMES 
Best. The principles and practice of textile 
printing. 3rd edition. London 1936. pp. 
xxiv + 1048. ill. 

KNOLL, M. See Espe, W. 

KoEHLER, W. A. See CreEIGHTON, H. 
JERMAIN. 

Ko.tuorFr, I. M., and SanbeELt, E. B. 
Textbook of quantitative inorganic — 
New York 1936. pp. xvi + 749. ill. 

KONGRESA SLOVENSKIH APOTEKARA, Ill. 
Beograd-Zagreb-Split, 1934. Alamanah. 
Zagreb 1935. pp. 377+ xxii. ill. (Reference.) 

KRAvuSE, W. See BAUER, OSWALD. 

KrcziL, Franz. Kieselguhr. Ihre Gewin- 
nung, Veredlung und Anwendung. (Samm- 
lung, N.F. Heft 32.) Stuttgart 1936. pp. 197. 
ill. (Reference.) 

KROHNKE, Otto. See BAUER, OSWALD. 

Laar, J. J. van: Die Thermodynamik 
einheitlicher Stoffe und binarer Gemische, 
mit Anwendungen auf verschiedene physi- 
kalisch-chemische Probleme. Groningen 19365. 
pp. 379. ill. 

LABORATOIRES 


Leip- 


See Davison, 


DU BATIMENT: ET DES 
TRAVAUX PuBtics. (From L’Enireprise Fran- 
caise, 1935, 5.) pp. 195. ill. 

LasBy, T.H. See Kaye, G. W.C. 

LADENBURG, A. Lectures on the history 
of the development of chemistry since the 
time of Lavoisier. Translated from the 2nd 
German edition by LEoNaRD DossBiIn. Edin- 
burgh 1900. pp. xvi+ 373. (Reference.) 

LaErR, Marc H. van. La chemie des fer- 
mentations. Paris 1935. pp. 350. ill. 

LamMPpitT, LEsLIE H. See INSTITUTE OF 
CHEMISTRY OF GREAT BRITAIN AND IRELAND. 

LANGE, Bruno. Die Photoelemente und 
ihre Anwendung. 2 parts. Leipzig 1936. 
pp. vi + 132, viii+ 94. ill. 

Lea, F.M. See DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. Building Re- 
search. Bulletin No. 5. 

LEHALLEUR, JEAN PEPIN. Traité des 
poudres, explosifs et artifices. Paris 1935. 
pp. 499. ill. 

LEINBACH, L. R. See UNITED STATES. 
Department of Agriculture. Technical Bulletin 
No. 490. 

Lettre, H., and Innorren, H. H. Uber 
Sterine, Gallensaiiren und verwandte Natur- 
stoffe, Herzgifte, Hormone, Saponine und 
Vitamin D. (Sammlung, N.F. Heft 29.) 
Stuttgart 1936. pp. 320. (Reference.) 





Lonpon County Coun mL. Oxidation-re- 
duction potentials in bacteriology and bio- 
chemistry. 4th edition. By L. F. Hewirt. 
London 1936. pp. 101. ill. 

Lowry, T. M. Historical introduction to 
chemistry. [Reprinted, with  additions.] 
London 1936. pp. xvi + 581. ill. 

McCance, R. A. See MEDICAL RESEARCH 
CounciL. Special Report Series, No. 213. 


McComss, Lots F., and ScHRERO, Morris. 
Bibliography of non-metallic inclusions in iron 
Pittsburg 1935. pp. xvi + 308. 


and steel. 
(Reference.) 

McCuttocu, Ernest C. Disinfection and 
sterilization. Philadelphia 1936. pp. 525. 
ill. 

MacDouGaLL, FrRanK H. Physical chemis- 
try. New York 1936. pp. x + 721. ill. 

McKay, Rospert J., and WORTHINGTON, 
RosBert. Corrosion resistance of metals and 
alloys. (American Chemical Society, Mono- 
graph Series.) New York 1936. pp. 492. 
ill. 

McKenzie, ALEX. Asymmetric synthesis. 
(From Ergebnisse der Enzymforschung, 1936, 5.) 

McKie, Dovuctas, and HEATHCOTE, NIELS 
H. pE V. The discovery of specific and latent 
heats. London 1935. pp. 155. ill. 

MACNAUGHTAN, D. J. See INTERNATIONAL 
TIN RESEARCH AND DEVELOPMENT COUNCIL. 
Technical. Publications. Series A. Nos. 26 
and 34. 

MANN, FREDERICK GEORGE, and SAUNDERS, 
BERNARD CHARLES. Practical organic 
chemistry. London 1936. pp. xiv + 403. 
ill. 

MartTIN, HuBert. The scientific principles 
of plant protection with special reference to 
chemicalcontrol. 2ndedition. London 1936. 
pp. xii + 379. 

MARTINEAU, Louis. Contribution a l'étude 
de la catalyse. Lille 1936. pp. xvi + 129. 
ill. 

Mascart, M. E. Recherches sur le spectre 
solaire ultra-violet et sur la détermination des 
longueurs d’onde. Paris 1864. pp. iv + 75. 
ill. 

MAsING, GEorRG. See BAUER, OSWALD. 

Mason, T. N. See Mines DEPARTMENT. 
Safety in Mines Research Board. Papers 
Nos. 95 and 96. 

MATERIE PLASTICHE. 
1935 +. (Reference.) 

MATHIEU, MarRceL. Réactions topochimi- 
ques: généralités. Paris 1936. pp. 57. 

La nitration de la cellulose: réaction 
topochimique. Paris 1936. pp. 65. 
La gélatinisation des nitrocelluloses : 
réaction topochimique. Paris 1936. pp. 73. 
Matuur, K. N. See BHATNAGAR, S. S. 


Year II, etc. Milano 


MEDICAL RESEARCH CoUNCIL. Special Re- 
port Series, No. 213. The nutritive value of 
fruits, vegetables, and nuts. By R. A. 
McCance, E. M. Wippowson, and L. R. B. 
SHACKLETON. London 1936. pp. 107. ill. 
(Reference.) 

Megs, C. E. KENNETH. Photography. 
London 1936. pp. xii + 214. ill. 

MEHRING, A. L. See UNITED STATEs. 
Department of Agriculture. Technical Bulletin 
No. 485. 

Menta, R.N. See GopBote, N. N. 

MELDRUM, WILLIAM BUELL, and GUCKER, 
FRANK THOMSON, Jr. Introduction to theo- 
retical chemistry. New York 1936. pp. 
xiv + 614. ill. 

MENDIVE, JORGE 
VENANCIO. 

Merry, E. W. The chrome tanning pro- 
cess: its theory, practical application, and 
chemical control. London 1936. pp. 143 + 
iv. ill. 

MEUNIER, Louis, and VANEy, CLEMENT. 
La tannerie. Vol. I. Paris 1936. pp. vi + 
804. ill. 

Mitton, R. See OBERMER, E. 

MINES DEPARTMENT. Safety in Mines 
Research Board. Paper No. 94. The de- 
terioration of colliery winding ropes in service 
By S. M. Dixon, M. A. Hocan, and S. L. 
RosBerton. London 1936. pp. iv + 108. ill. 

Papers Nos. 95 and 96. The 
inflammation of coal dusts. By T. N. Mason 
and R. V. WHEELER. London 1936. pp. 
16, 10. 

MITCHELL, C. AINSWoRTH. The scientific 
detective and the expert witness. 2nd edition. 
Cambridge 1931. pp. xiv + 242. ill. 

MonzErR-WILiiaMs, G. W. See INSTITUTE 
OF CHEMISTRY OF GREAT BRITAIN AND 
IRELAND. 

MorGan, Sir GILBERT T., and BURSTALL, 
FRANCIS HEREWARD. Inorganic chemistry: 
a survey of modern developments. Cambridge 
1936. pp. x + 462. ill. 

Morrison, F. R. See PENFo3tp, A. R. 

Mott, N. F., and Jones, H. The theory of 
the properties of metals and alloys. Oxford 
1936. pp. xiv + 326. ill. 

Mottram, V.H. See HutcHison, ROBERT. 

MOLLER, EuGENn.. Die Azoxyverbindungen. 
(Sammlung, N.F. Heft 33.) Stuttgart 1936. 
pp. 40. (Reference.) 

NANCE, JOHN TRENGOVE. 
ALEXANDER CHARLES. 

NATIONAL SMOKE ABATEMENT SOCIETY. 
Journal. Vol. VII, etc. Manchester 
1936 +. (Reference.) 

Smoke abatement exhibition: hand- 
book and guide. Manchester 1936. pp. 64. 


R, See DEULOFEu, 


See CUMMING, 





NEAVE, E. W. J]. Joseph Black’s lectures on 
(From Isis, 1936, 


the elements of chemistry. 
25.) 

NEUBERGER, M. C. Die Allotropie der 
chemischen Elemente und die Ergebnisse der 
R6éntgenographie. (Sammlung, N.F. Heft 30.) 
Stuttgart 1936. pp. 106. ill. (Reference.) 

New ZEALAND. Department of Scientific 
and Industrial Research. Bulletin No. 50. 
The cheese yielding capacity of milk and its 
relation to the method of payment for milk for 
cheesemaking. Wellington 1936. pp. x, 137— 
364. ill. 

NIEUWENBURG, C. J. VAN, and DULFER, G. 
A short manual of systematic qualitative 
analysis by means of modern drop reactions. 
2nd edition. Amsterdam 1935. pp. 96. 

NosBLeE, Royce J. Latex in industry. New 
York 1936. pp. 384. ill. 

OBERMER, E. Individual health: a tech- 
nique for the study of individual constitution 
and its application to health. Vol. I. Bio- 
chemical technique. By E. OBERMER and 
R. Mitton. London 1935. pp. xvi-+ 244. 
ill. 

OETTINGEN, W. F. von. The therapeutic 
agents of the pyrrole and pyridine group, 
including the tropinol, scopoline, ecgonine, 
and granatoline derivatives: the relation 
between their chemical constitution and 
pharmacologic action. Ann Arbor, Michigan 
1936. pp. xii+ 258. [Litho-printed from 
typescript. ] 

OPFERMANN, ERIcH, and HOCHBERGER, 
Ernst. Die Bleiche des Zellstoffs. 2 vols. 
Berlin 1935—36. pp. 285, 416. ill. 

OPPENHEIMER, CARL. Die Fermente und 
ihre Wirkungen. Supplement. Lieferung i, 
etc. Den Haag 1935 +. 

ORELLA, Prutarco R. Contribucion al 
estudio de la investigacion toxicologica del 
acido cianhidrico. (Modificacién del pro- 
cedimiento clasico de Chelle.) La Plata 1934. 
pp. 60. ill. 

OsaKA IMPERIAL UNIVERSITY. Faculty of 
Science. Collected Papers. Series C. 
Chemistry. Vol. I, etc. Osaka 1933 +. 
(Reference.) 

OsBORG, 
SocIETY. 

Ost, H. Lehrbuch der chemischen Tech- 
nologie. 19th edition. Edited by BERTHOLD 
Rassow. Leipzig 1936. pp. xii + 941. ill. 

OTTER, HENDRIK PIETER DEN.  Derivaten 
der oxydatieproducten van glycerine. Leiden 
1936. pp. viii + 178. 

OVERBECK, O. C. J. G. L. The new light. 
London 1936. pp. xii + 229. ill. 

Paint TECHNOLOGY. English edition of the 
American “ Paint and Varnish Production 


Hans. See ELECTROCHEMICAL 


Manager.” Vol. I, etc.- London 1936 +. 
(Reference.) 

ParKER, E. W. See BAUER, OSWALD. 

ParRTINGTON, J. R. La découverte du 
bronze. (From Scientia, 1936, 60.) 

PassAVANT, Lina. Ueber das Resorcin der 
Tetralin-Reihe. Berlin 1927. pp. 47. 

PatzscH, HERBERT. Nahrungsmittelkon- 
trolle nach amtlichen Methoden. Leipzig 
1935. pp. iv + 144. 

PENFOLD, A. R., and Morrison, F. R. 
Australian tea trees of economic value. Part 
II. (Sydney Technological Museum Bulletin, 
No. 14.) Sydney 1936. pp. 18. ill. 

PETERS, GERHARD. Chemie und _ Toxi- 
kologie der Schadlingsbekampfung. (Samm- 
lung, N.F. Heft 31.) Stuttgart 1936. pp. 120. 
ill. (Reference.) 

Puitipp, K. Kernspektren. See Hanp- 
UND JAHRBUCH DER CHEMISCHEN PHYSIK. 
Vol. IX. Part 5. 

PHOTOGRAPHISCHE INDUSTRIE, Diz. 
Fachblatt fiir Handel und Fabrikation aller 
photographischen Bedarfsartikel. Year 
XXXIV, etc. Berlin 1936+. (Reference.) 

PuysicaL Society. Reports on progress 
in physics. Vol. II. London 1936. pp. 
iv+ 371. ill. (Reference.) 

PICCARD, JEAN FELIx. Rapport entre la 
constitution et la couleur des matiéres 
organiques. Lausanne 1915. pp. 23. 

PITScH, HEINRICH. See DocZEKAL, 
RUDOLF. 

PLIMMER, R. H. A., and PLIMMER, VIOLET 
G. Food, health, vitamins. 7th edition. 
London 1936. pp. x + 178. ill. 

PLIMMER, VIOLET G. See 
R. H. A. 

PLotnikow, J. Allgemeine Photochemie. 
2ndedition. Berlin 1936. pp. viii+ 909. ill. 

Potter, M. C. _ Bio-electric potentials, 
Cambridge 1933. pp. 43. 

PouUCcHER, WILLIAM A. Perfumes, cos- 
metics, and soaps, with special reference to 
synthetics. 4th edition. Vol. I. London 
1936. pp. x + 439. ill. 

—— 5th edition. Vols. II and III. 
London 1936. pp. xiii + 426, xi-+ 228. ill. 

Pratt, J. Davipson. See INSTITUTE OF 
CHEMISTRY OF GREAT BRITAIN AND IRELAND. 

PREGL, Fritz. Die quantitative organische 
Mikroanalyse. 4th edition. By HUBERT 
Rotu. Berlin 1935. pp. xiv + 328. ill. 

PRINTING INDUSTRY RESEARCH ASSOCI- 
ATION and BRITISH LEATHER MANUFACTURERS’ 
RESEARCH AssocIATION. Bookbinding Leather 
Commitiee. The causes and prevention of the 
decay of bookbinding leather. Interim and 
2nd interim reports. London 1933—36. pp. 
11, 31. (Two copies.) 


PLIMMER, 





Quinn, Eton L., and Jones, CHARLES L. 
Carbon dioxide. (American Chemical Society, 
Monograph Series.) New York 1936. pp. 
294. ill. 

RaDiey, J. A., and Grant, JULIUs. 
Fluorescence analysis in ultra-violet light. 
2nd edition. London 1935. pp. xii+ 326. iil. 

RaMEau, J. T. L. B. Symmetrische 
secundaire diaminen afgeleid van aethyleen- 
diamine. Leiden 1936. pp. xvi + 139. 

Rassow, BERTHOLD. See Ost, H. 

[Raz1, Apu BAKR MUHAMMAD IBN ZAKA- 
RIYAH AL-.} Das Buch der Alaune und 
Salze. Ein Grundwerk der spatlateinischen 
Alchemie. Edited, translated and annotated 
by Juttus Ruska. Berlin 1935. pp. 127. 

REILLY, JosEepH. Distillation. London 
1936. pp. viii+ 120. ill. 

REMINGTON, JOHN STEWART. The paint 
laboratory note book: a handy guide to works 
practice. London 1935. pp. xii + 68. ill. 

RESEARCH ASSOCIATION OF BRITISH PAINT, 
CoLouR, AND VARNISH MANUFACTURERS. 
16th Bulletin. The preservation of iron and 
steel by means of paint. By L. A. JorDAN 
and L. Wuitsy. Teddington [1936]. pp. 68. 

Ruases. See under Razi, AsBu BaAKR 
MUHAMMAD IBN ZAKARIYAH AL-. 

RICHTER, FRIEDRICH. See 
CHEMISCHE GESELLSCHAFT. 

RIEcHE, ALFRED. Die Bedeutung der or- 
ganischen Peroxyde fiir die chemische Wissen- 
schaft und Technik. (Sammlung, N.F. Heft 
34.) Stuttgart 1936. pp. 72. (Reference.) 

RIEDEL, Fritz. Absorptionsmessungen von 
ungesattigten Kohlenstoffverbindungen und 
Jodiden im 4ussersten Quarz-Ultraviolett. 
Zirndorf 1928. pp. viii + 48. 

Roark, R. C. See Unitep States. De- 
pariment of Agriculture. Bureau of Entom- 
ology and Plant Quarantine. 

ROBERT, JOHANNA LovulIsE. Chloor- en 
aethoxy-dinitrophenyl(methyl)hydrazinen en 
derivaten. Leiden 1936. pp. viii + 187. 

RoBERTON, S. L. See Mines DEPART- 
MENT. Safety in Mines Research Board. 
Paper No. 94. 

ROSENDAHL, F. Motoren-Benzol. Gewin- 
nung—Reinigung—Verwendung. (Sammlung, 
N.F. Heft 27.) Stuttgart 1936. pp. 144. 
ill. (Reference.) 

Rossini, FREDERICK D. See BicHOWSKI, 
F, RussELL. 

Rotu, HusBert. See PREGL, FRITz. 

ROWELL, HERBERT W. The technology of 
plastics. London 1936. pp. 206. ill. 


DEUTSCHE 


RbpistLze, A. Nachweis, Bestimmung und 
Trennung der chemischen Elemente. I. Nach- 
tragsband. 
1136. 


(Parti.) Bern 1936. pp. lxiv + 


ill. 
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Ruska, Jurtus. See Razi, Apu Bakr 
MUHAMMAD IBN ZAKARIYAH AL-. 

RussELL, SIR JOHN. La transition d’un 
art & une science: 1’étude de la culture agri- 
cole. Lisboa 1935. pp. 35. iil. 

RUTHERFORD, Rr. Hon. 
BritTIsH SCIENCE GUILD. 

SADGOPAL, —. See GODBOLE, N. N. 

SANDELL, E. B. See Kottuorr, I. M. 

SANFOURCHE, A. Le controle analytique 


Lorp. See 


dans l'industrie chimique minérale. Paris 
1936. pp. 547. ill. 

SARJANT, REGINALD J. See Bone, 
WILLIAM A. 

SAUNDERS, BERNARD CHARLES. See 


MANN, FREDERICK GEORGE. 

SAUNDERS, K. H. The aromatic diazo- 
compounds and their technical applications. 
London 1936. pp. xii + 224. 

ScHEIBE, G., and FROMEL, W. Mole- 
kiilspektren von Lésungen und Fliissigkeiten. 
See HAND- UND JAHRBUCH DER CHEMISCHEN 
Puysik. Vol. IX. Part 4. 


Scumipt, Ernst. Einfiihrung in die 
technische Thermodynamik. Berlin 1936, 
pp. viii + 314. ill. 

SCHNEIDER, HENNY. Photolyse von 


Halogenalkylen. Birsfelden 1924. pp. 28. 
ill 


ScHGNFELD, H. [Editor.}] Chemie und 
Technologie der Fette und Fettprodukte. 
2nd edition of ‘‘ Technologie der Fette und 


Ole” by G. Herrer. Vol. I. Wien 1936. 
pp. xviii + 917. ill. 
SCHOUTEN, ABRAHAM Elisa. Nitratie en 


halogeneering van N.N’-diphenyl-aethyleen- 
diamine en derivaten. Leiden. 1936. pp. 
xiv + 117. 
ScHRERO, Morris. 
ScHULEIN, JULIUs. 


See McComss, Lots F. 
Die Bierhefe als Heil-, 


Nahr- und Futtermittel. Dresden 1935. 
pp. vili-+ 194. ill. 
SCHWARTZ, ERNST von. Handbuch der 


Feuer- und Explosionsgefahr. 4th edition. 
Edited by H. Sitomon and E. BRANDEs. 
Miinchen 1936. pp. xxiv + 686. ill. 

SCHWARZ, RoBERtT. Petroleum Vademecum. 
International petroleum tables. 11th edition. 
2 vols. Berlin 1936. pp. xvi + 330, viii + 
490. ill. 

ScIENCE. New series, Vol. 83, etc. 
York 1936 +. (Reference.) 

Scott, A. W. See Hannan Dairy RE- 
SEARCH INSTITUTE. Bulletin No. 6. ; 

ScRIABINE, I. Les matériaux constitutifs 
de l’appareillage chimique; leur résistance a 
la corrosion. Paris 1934. pp. iv +100. ill. 

SEDLACEK, FRaNz. Auer von Welsbach: 
Wien 1934. pp. viii+ 85. ill. 

SEITZ, FRANZ. See BREDERICK, HELLMUT. 


New 
























SHACKLETON, L. R. B. See MEDICAL 
RESEARCH CounciLt. Special Report Series, 
No. 213. 


SHRINER, RALPH L., and Fuson, REYNOLD 
C. The systematic identification of organic 
compounds: a laboratory manual. New 
York 1935. pp. x + 195. ill. 

SIEGEL, W. Die Verfahren der anorganisch- 
chemischen Industrie. Jahresberichte tber 
die Patente und die technische Literatur der 
Industrielander. Vol. I. Berichtsjahr 1934. 
Berlin 1935. pp.xvi+ 501. ill. (Reference.) 

Sttomon, H. See Schwartz, ERNST VON. 

SmitH, D. M. See INTERNATIONAL TIN 
RESEARCH AND DEVELOPMENT COUNCIL. 
Technical Publications. Series A. No. 46. 

Situ, G. FREDERICK. Dehydration studies 
using anhydrous magnesium perchlorate. 
Columbus [n.d.]. pp. viii + 59. ill. 
Ortho-phenanthroline: a high poten- 
tial, reversible, oxidimetric indicator, its 
preparations in various forms and numerous 
applications in analytical procedures. Colum- 
bus [n.d.J. pp. 35. ill. 

Perchloric acid. Authentic, scientific 
and practical considerations relative to its 
use as an important research and routine 
analytical chemical reagent with special 
reference to rapidity, accuracy, and economy. 
3rd edition. Columbus 1934. pp. 72. ill. 
Ceric sulfate. The use of standard 
ceric sulfate as modern analytical chemistry’s 
most recently developed widely applicable 
oxidising agent. 3rd edition. Columbus 
1935. pp. 64. ill. 

Mixed perchloric, sulfuric, and phos- 
phoric acids and their applications in analysis. 
Columbus 1935. pp. viii+ 70. ill. 
Analytical applications of periodic acid 
and iodic acid and their salts. 3rd edition. 
Columbus 1936. pp. 68. ill. 

Situ, G. FREDERICK, and SULLIVAN, V. R. 
The electron beam sectrometer: a line 
operated vacuum tube titrometer for potentio- 
metric titrations with cathode ray tube re- 
placement of the micro-ammeter. Columbus 
1936. pp. 40. ill. 

SmitH, Watson, Jr. 
Ester von Kohlenhydraten. 
pp. 100. 

SNELL, CORNELIA T. SeeSNELL, FosTER DEE, 

SNELL, FostER DEE, and SNELL, CORNELIA 
T. Colorimetric methods of analysis, in- 
cluding some turbidimetric and nephelo- 
metric methods. [2nd edition.] Vol. I. In- 
organic. New York 1936. pp. xxiv+766. ill. 

Society oF PuBLic ANALYSTS AND OTHER 
ANALYTICAL CHEMIsTs. Bibliography of the 
more important heavy metals occurring in 
food and biological material. (For the years 

















Zur Kenntnis der 
Ziirich 1908. 








1921 
pp. 30. 

SPENCER, L. J. A key to precious stones. 
London 1936. pp. viii + 237. ill. 

SprerRs,H.M. [Editor.] Technical data on 
fuel. 4th edition. London 1935. pp. xvi + 
358. ill. (Reference.) 

SPONER, H. Molekiilspektren und ihre 
Anwendung auf chemische Probleme. 2 vols. 
Berlin 1935—36. pp. xi-+ 154, xii + 506. ill. 

STEWART, ALFRED W. Recent advances in 
organic chemistry. 6th edition. Vol. II. 
[Reissue] with the addition of Part II by 
HuGuH GranaM. London 1936. pp. xiv+519. 

Stuart, H. A., and TRIESCHMANN, H.-G. 
Lichtzerstreuung. See HAND- UND JAHRBUCH 
DER CHEMISCHEN Puysik. Vol. VIII. Part2. 

STUCKERT, L. See INTERNATIONAL TIN 
RESEARCH AND DEVELOPMENT COUNCIL. 
Technical Publications. Series A. No. 42. 

SUCHARDA, EDUARD, and BoBRANSKI, 
BocusLaw. Semimicro-methods for the ele- 
mentary analysis of organic compounds. 
Translated by GrEorGE W. FEerRGuson. Lon- 
don 1936. pp. iv + 52. ill. 

SULLIVAN, V.R. See Smitu, G. FREDERICK. 

SuTerR, Emm. Uber den Einfluss von 
Substituenten auf die Kohlenstoffdoppel- 
bindung. Leipzig 1920. pp. 120. 

SUTHERLAND, G. B. B. M. Infra-red and 
Raman spectra. London 1935. pp. xii + 
112. ill. 

SwIETOSEAWSKI, WojciecH. Ebulliometry. 
Krakow 1936. pp.x + 196. ill. 

TABLES ANNUELLES DE CONSTANTES ET 
DoNNEES NUMERIQUES. Vol. X. Year 1930. 
Part II. Paris 1935. pp. xvi, 634 to 1242. 
(Reference.) 

TANKARD, ARNOLD R. See Hut. City 
Laboratories. 

TaTtE & Lyte, Lrtp. 
grower to the consumer. 
pp. 31. ill. 

THORNEYCROFT, W. E, See FRIEND, JOHN 
NEWTON. 

THORPE, SIR Epwarp. Dictionary of 
applied chemistry. Supplement. By Joce- 
LYN FIELD THORPE and MARTHA ANNIE 
WHITELEY. Vol. III. Glossary and index. 
London 1936. pp. viii + 166. (Reference.) 

THORPE, JOCELYN FIELD. See THORPE, 
Str EDWARD. 

TitpEN, Str W. A. Chemical discovery 
and invention in the twentieth century. 6th 
edition. Revised by S. GLasstongE. London 
1936. pp. xvi + 492. ill. 

TIMMERMANS, JEAN. Les solutions con- 
centrées : théorie et applications aux mélanges 
binaires de composés organiques. Paris 1936. 
pp. viii + 647. ill. 


to 1933 inclusive.) London 1934. 


Sugar, from the 
London 1936. 








TISCHTSCHENKO, VETSCHESLAV EUGENIE- 
vitscH. Collection of selected works . . . on 
the occasion of the jubilee of 50 years of his 
scientific activity. Leningrad 1934. pp. xxiv 
+ 269. ill. [Jn Russian.] 

TREADWELL, F. P. Analytical chemistry. 
8th edition. Vol. II. Quantitative analysis. 
Translated, enlarged, and revised by W. T. 
Hatt. New York 1935. pp. xiv + 858. ill. 

TRESSLER, Donatp K., and Evers, CLIr- 
FORD F. The freezing preservation of fruits, 
fruit juices, and vegetables. New York 1936. 
pp. xii + 351. ill. 

TRIESCHMANN, H.-G. See HaAnp- 
JAHRBUCH DER CHEMISCHEN PuysiIk. 

UGARTE Y GREAVES, SANTIAGO DE. Bezie- 
hungen zwischen Fluoreszenz und chemischer 
Konstitution. Borna-Leipzig 1913. pp. vi + 
45. ill. 

UKRAINIAN. BIOCHEMICAL JOURNAL. Vol. 
IX, etc. Kiev 1936+. (Reference.) [In 
Ukrainian. English, French, and German 
Summaries. ] 

UNITED PLANTERS’ ASSOCIATION OF SOUTH- 
ERN INDIA. Tea Scientific Department. Bulle- 
tins Nos. 4 (2nd edition) 4(a), 4(b), 6, 7, 8, 
and 9. Madras 1934—36. 

Unitep States. Department of Agri- 
culture. Technical Bulletin No. 484. The 


UND 


composition and constitution of the colloids 
of certain of the great groups of soils. 


By 
H. G. Byers, L. T. ALEXANDER, and R. S. 
Hotmes. Washington 1935. pp. 38. 
Technical Bulletin No. 4865. 
Effects of particle size on the properties and 
efficiency of fertilizers. By A. L. MEHRING 
[and others]. Washington 1935. pp. 26. ill. 
Technical Bulletin No. 490. Ex- 
plosibility of agricultural and other dusts as 
indicated by maximum pressure and rates of 
pressure rise. By P. W. Epwarps and 
L.R.Letnspacu. Washington 1935. pp.24. ill. 
Bureau of Entomology and Plant 
Lonchocarpus species used as 
By R. C. Roark. Washington 
133. (Reference.) [In mimeo- 


Quarantine. 
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